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ABSTRACT
Internet access is intermittent and very expensive in remote
areas in the developing world. The access is still mainly pro-
vided via satellite links to other continents and, although the
transition to terrestrial networks has started, it will take
time to reach the under-served areas. To understand the
local needs and traffic patterns in rural areas, we have an-
alyzed Internet web traffic logs captured over a year from
a municipal network deployed in remote areas in Tanzania.
The web traffic logs analysis was complemented by user sur-
veys on their actual usage.

Our analysis reveals that popularity of social networking
and news websites increases over time.We have noticed many
other contents such as advertisements which we consider not
relevant to developing regions but consume the little band-
width they have. Based on the insights gained from the
analysis, we have provided recommendations on how to op-
timize the little bandwidth available. Further, we have de-
ployed some of the recommendations in the current system.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
C.4 [Performance of Systems]: Measurement Techniques;
C.2.2 [Computer-Communications Networks]: Network
Protocols—Applications

General Terms
Design, Experimentation, Measurements

Keywords
Caching, Classification, Rural Areas, Developing regions,
Tanzania, Content, Measurement, Performance analysis, Proxy

1. INTRODUCTION
There are now more than one billion people with access
to the Internet, all creating, sharing and searching for in-
formation [1]. They look for news, restaurants, holidays,

books, and much more. They compare prices and products,
check to see whether a flight is delayed, or communicate
with their friends in far-flung places. Accessing government
documents, sending various applications, taking courses and
exams online, receiving medical advise and treatments, etc.

However, this Internet explosion has not spread evenly across
the globe. Internet penetration in Africa currently stands
at less than 10 per cent, and the cost of access and internet
bandwidth remains high for many Africans [2]. Africa com-
prises 14 per cent of the world’s population but only 2 per
cent of the world’s web users.

There is an increasing awareness of the importance of Infor-
mation and Communication Technologies (ICT) for devel-
opment, including both mobile access and broadband com-
munication infrastructures. Mobile access is very useful for
providing voice, SMS and basic connectivity. But, Inter-
net via mobile is expensive, and the quality is not good in
rural areas as most users use only voice and SMS, the net-
work is not optimized for data. Hence, there is a need for
broadband networks for multimedia and other bandwidth
intensive applications such as video conference, e-learning
and tele-medicine.

To overcome the Internet’s high costs, the Widernet Project
at the University of Iowa created an eGranary Digital Li-
brary [3], a collection of educational web sites compiled and
saved into a hard drive for easy access in a LAN. The con-
tents are updated using Internet connection or by shipping
in CD’s with updates. RuralCafe [4] is another project that
work on improving user experience in rural areas where con-
nectivity is problematic by designing search engines specific
to the environments. Also, Collaborative caching [5], is an-
other work focusing on designing caching mechanisms that
will improve the usability of highly disconnected networks
found in rural areas.

In this paper, we present an analysis of Internet traffic logs
captured between March 2009 and June 2010. We also
present local need and usage survey that was captured cap-
tured through on-site observation, questionnaires and face
to face interviews. The objective of this study is to under-
stand the users browsing behavior so that we can optimize
the network to enhance their Internet experience, but also
to receive feedback from users on how they use the services
and what could be improved.



Table 1: Facts about Serengeti network
Bunda Serengeti Tanzania

Population 260,000 177,000 37,445,392

Area (km2) 3,088 10,373 948,087
Population
density/km2

84.2 17.06 39.5

The organization of the rest of the paper is as follows: sec-
tion two provide a description of the target area (Bunda and
Serengeti Districts) and the corresponding network architec-
ture which is used as a reference in this paper. The Internet
traffic analysis is discussed in section three while local needs
and usage are presented section four. Section five provide
the discussion and recommendations of the analysis while
conclusion is provided in section six.

2. SERENGETI BROADBAND NETWORK
2.1 The Market
Serengeti and Bunda are two districts in Mara region, north
of Tanzania with a total population of 437,000 as summa-
rized in Table 2.1. In the 2005 Poverty and Human De-
velopment Report [9], they were ranked among the poorest
districts in the country, positioned at 116th and 119th re-
spectively out of 119 districts.

The Serengeti pilot is a community owned network that in-
volves a dark fiber, about 140km long, connecting Mugumu
and Bunda, the district capitals of Serengeti and Bunda dis-
tricts respectively [10]. The fiber is owned by the Tanzania
power utility company, installed in the grounding wire along
the 33 kV power line primarily for supervision, control and
data acquisition (SCADA) in their power grid.

This network was initiated by a Research and Development
project known as ICT for Rural Development [12] with main
objectives of making informations easily available and ac-
cessible in public sectors, focusing on health, education and
local government.

2.1.1 Baseline Study
A baseline study carried out in both districts in 2006 to
benchmark the use of ICT, focusing on education, health
and local government revealed that:

• Local government authorities (LGA) require reliable
communication both upwards to the central govern-
ment and downwards to the citizens, thus broadband
connectivity will improve their efficiency.

• The education sector has shortage of teachers and lack
of textbook. The use of broadband connectivity will
facilitate e-learnings could reduce that deficit and im-
prove the quality of education offered.

• There was lack of trained staff in the healthcare sec-
tor, poor communication channels and insufficient fa-
cilities. Broadband connectivity could facilitate tele-
medicine where the few available medical doctors could
provide consultations to primary health centers via
video conferences.

2.1.2 Business Environment
A study on how ICT can stimulate economic growth and
development in the Bunda and Serengeti districts by identi-
fying opportunities and constraints for community engage-
ment was carried out in 2008. The author noted that both
districts are engaged in agriculture, mining, fisheries and are
prime areas for tourism as they are neighboring the biggest
national park in the country. He further grouped users as
follows:

1. LGA - The author found that each department in the
district council own some computers. Thus their biggest
need was a LAN to interconnect their computers so
that they can share documents and work efficiently.
But also, they need to connect with health facilities
and schools to get reports as well as send out informa-
tions easily.

2. NGOs Sector - There was a great concentration on
NGOs in both districts some of them with head offices
in the capital city. The biggest need for them was
Internet to easy their communication with head offices
or with their donor.

3. Business Community - The author noted that both dis-
tricts are dominated by small and medium size traders
with problems in getting capital and market. A proper
communication can link them with funders and lenders
to acquire capital as well as increase their exposure and
market.

2.2 The network
The network was installed in 2008 and became operational
early 2009. This network consist of a fiber connecting the
two districts and wireless (WiFi) extending that fiber to
the end users. Connection to the Internet is provided by a
narrowband VSAT with a capacity of 128/64kbps.

2.2.1 Connected Groups
Most individuals can’t afford to own a computer, connectiv-
ity is mainly offered to groups. In the pilot phase, we started
with few selected groups, mainly public offices, schools and
health facilities. Also, a few businesses and private users
connected. It should be noted that there is a small usage
fee users have to contribute to meet the running costs. New
users are getting connected now regularly whenever they ac-
quire computers and can pay the usage fee.

• Local Government Administration: We started by help-
ing both district councils deploy internal local area
networks before connecting them to the community
network.

• Health Sector: We have connected two district hos-
pitals and two primary health centers, one from each
district. The objective is facilitate collaboration be-
tween the hospitals and consultations from hospitals
to health centers.

• Education: We have connected seven secondary school.
Our goal here is to allow the schools to share scarce
resources such as the best teacher among them can pro-
vided courses via the network. Also, they can record



lectures and other materials, make them available on
the local server.

• Community: Private users and NGO, Business, Inter-
net Cafés, and community access centres.

2.2.2 Network Structure
All end users are authenticated and connected via cables.
Wireless is enabled only at the district head quarters where
few government officers have laptops. The current network
deployment is provided in Figure 1 where more than 100
computers in have been connected (and the number is grow-
ing). Details of the network deployment are found in [10],
connection to the Internet is provided at Bunda point.

A full fledged local server is running at Bunda where basic
network services such as DNS, DHCP and time server and
user services include web hosting, emails, and Voice over
IP (VoIP) are installed. Also, a transparent proxy server
(squid) was configured on the local gateway to assist moni-
toring the use of the narrow bandwidth uplink.

2.3 Data Collection
We analyze captured at the gateway using Squid proxy for a
period over a year, between March 2009 and June 2010 and
ntop logs for protocol details.

3. INTERNET USAGE
In this section we present network usage. Actual use, traffic
analysis, etc.

Internet is an expensive and scarce resource, also slow. Hence
the monitor in order to preserve and optimize its use. Inter-
net attracts more users as it has direct personal use, require
less training and does not require coordination or ethical
things to consider.

3.1 Internet Traffic Analysis
Analyze amount of traffic generated by clients... Figure 2
shows the traffic size growth in Megabytes while Figure 3
indicate traffic growth by volume, counting total websites
visited. The sharp drops noted in both figures are due to
power problems [11] at the gateway rather than uplink prob-
lems. All IP addresses were anonymized to protect the pri-
vacy of the users.

The summary of traffic (requests) categorized by mime types
is provided in Figure 4. Note that binaries comprise files
with extensions (exe, bin, cab, msi and msp) while compress
files are of extensions (zip, 7p, rar, gzip and gz). Note that
there is a blur line between compression and binary files as
binary can be compressed. Further Figure 5 indicated the
binary files breakdown. Unknown is a category which we
failed to identify the type and the other categories are self
explanatory..

Classification by protocol based on size is provided in Table
3.1. HTTP is the most dominated protocol.

3.2 Content Classification
To help gain further understanding of the traces, we exam-
ined all URLs from the traces to classify them into a set of

Figure 2: Internet Traffic Growth by Size

Figure 3: Internet Traffic Growth by Volume

Figure 4: Traffic Distribution by %



Figure 1: Serengeti Network

Figure 5: Binary Traffic Distribution by %

Table 2: Breakdown of Traffic by Protocol
No. Protocol Bytes %
1 HTTP 89.8669
2 DNS 3.9814
3 NBios-IP 2.8793
4 Mail 2.4306
5 DHCP-BOOTP 0.4985
6 FTP 0.191
7 SSH 0.1089
8 SNMP 0.0198
9 Messenger 0.0066
10 PROXY 0.059
11 Telnet 0.0055
12 X11 0.0037
13 eDonkey 0.0008
14 NFS 0.0006
15 Kazaa 0.0003

Figure 6: Internet Traffic Growth

broad categories. The results of our classifications, based on
number of requests are shown in Figure 6. The categories
were based on known domain grouped as follows:

• Known Domains - this is a set of all known domains
including Yahoo, Google, Microsoft, Mozilla, Adobe,
Ubuntu and Skype.

• Adverts - this category stands for advertisement re-
lated content and websites. We used some well-known
pattern matching lists culled from the Firefox Filter
Adblock Plus [20] as well as other obvious advertise-
ment sites to determine which URLs are likely to be
ads.

• Social - refer to social websites from facebook, ning,
hi5, fanbox, jhoos and blogs.

• Adult - represents adult and dating websites.

• tz - all local websites from Tanzania.

• security - requests to Verisign and Thawte.



Figure 7: Surfing Trend, Selected Keywords

• News - this represents local and international news
websites

• Video - requests to youtube, flixter and metacafe web-
sites.

• developertools - represents requests to Macromedia,
drupal, sourceforge and w3c websites

• MediaHosting - this represents file, image and media
hosting websites

• Webmail - this represent yahoomail, googlemail/gmail
and hotmail websites.

• All IP - we failed to determine the domain name.

• Unknown - we failed to categorize them, each of them
appeared a few times in the logs.

3.3 Further Content Classification
With respect to our desire to better understand how the
community is using the Internet for the betterment of their
lives and the society, we further analysed the following key-
words: news, social, developertools and local websites. Fig-
ure 7 indicates number of requests (traffic growth) submitted
to those sites.

The data provided in Figure 7 are Interpreted as follows:

1. Developer tools indicates that locals are learning how
to develop digital contents, this implies self capacity
building (training) which will eventually result into
more opportunities (employment). Current trend is
learning how to develop websites.

2. Reading or accessing news, both local and interna-
tional indicates that the society is using the Internet to
get current information that will allow them to make
informed decisions. It creates awareness and empow-
erment. Also, the international news is an indication
that some members understand the English language.

3. Participating in social sites indicates that locals are
discovering the power of the Internet. They are create
social networks, connect with friends and discovering
new things. By nature, social network are personal

activities, but we assume frequent use improves their
experience in the use of Computers and possibly at-
tract more users.

4. Access to local websites - is a sign that the local com-
munity is utilizing the existing connectivity to quickly
access local informations from central government, min-
istries, universities and private sector. This saves money
and time as previously they were supposed to write let-
ters or travel to the city for the same information.

4. LOCAL NEED AND USAGE
A series of surveys was run through on-site observations,
questionnaires, and interviews.

4.1 Surveys from the Local Government
The network (Internet as well as local connectivity) usage
was initially conducted in July 2010 [13]. The main goal for
this study was to find out how were using the connectiv-
ity and recommend how to improve their experience. The
main use turned to be Internet surfing with few cases where
email and VoIP was reported being used for local commu-
nication within and between the Bunda and Serengeti local
governments.

Specific use of the Internet as reported by local government
authority, education, and healthcare sectors are as follows:

• Local Government Authorities: information dissemi-
nation via their website hosted locally, the site is very
fast within the network but slow to the outside world
due to the slow uplink; information searching related
to agricultural products; and retrieve informations from
the central government and related ministries.

• Healthcare Sector: a pharmacy (private sector) in Mugumu
town is using the Internet to find information on the
use of drugs and medicines online, specifically from the
British National Formulary [14].

• Education: Making application to the university and
viewing selection results. Some members reported us-
ing the Internet for distance learning. In Mugumu,
they have created an“ICT Club”where secondary school
students come together at the community center to
learn how to use a computer and the Internet.

Observed and reported challenges were the instability of
power supply, the slowness of the Internet connection, and
lack of trainer and training materials for basic computer
studies.

4.2 Survey for Schools and Hospitals
Tanzania education system is based on a 7-4-2-3 system,
even years of primary school, four years secondary school,
two years of high school, and three to five of university
bachelor degree. The initial baseline study identified lack
of training material and qualified staff as a major problem
in education [16]. The same study found that health facil-
ities also lack trained personnel and communication media.
In December 2010, we conducted a face to face interview
was conducted with personnels from the connected schools



and hospitals. The goal of the survey was to understand
the current use, challenges, and recommendations for new
services. The survey observed that few personnel in both
facilities mainly use Internet for personal purposes. The
biggest challenge was general computer illiteracy as most of
the initial trained staff had moved, replaced by new, com-
puter illiterate ones.

The teachers who were interviewed saw great potential in
local content that could be accessed by students and teachers
as an alternative to the lack of books. A comprehensive
summary of recommendations, basically a wish list, from
the teachers is provided in Table 4.2.

The health workers also saw a great opportunity in local con-
tents, a great demand for updated knowledge about diseases,
treatment procedures for doctors and prevention for other
health workers and the general public. The material needed
by the doctors is most importantly, updated best practices
for how to perform certain surgical procedures.1 The sec-
ond type of material needed is information about common
diseases and how they can be prevented and treated.

4.3 Surveys From Established Internet Cafés
In April 2011, three Internet cafés: ATI Internet Café, Mazin-
gira Development Forum Internet Café, and Chiruma’s In-
ternet Café were surveyed. The first two are owned by NGOs
while the third one is a family business owned by retired civil
servant. The goal of this survey was to collect data related
to what type of service do they offer apart from Internet,
who are their customers, challenges they encounter and rec-
ommendations to overcome those challenges.

It was reported that, other services offered apart from the
Internet are stationary services related to typing, photo-
copy, binding, printing, faxing, and selling of other office
stationaries. Internet customers are mostly students search-
ing for informations or making application to join univer-
sities and higher learning institutions; newspaper reporters
sending their reports; and the general public reading news,
sports, chatting with friends on facebook or skype, or per-
sonal use. The main challenges reported are slowness Inter-
net, especially during the university application seasons and
computer viruses. Their recommendations include increas-
ing bandwidth, improve customer support, and a request for
capacity building on e-commerce.

5. DISCUSSION AND RECOMMENDATIONS
The survey have shown that most used service is the Inter-
net, which is slow and expensive. The survey also showed
that users, especially in education and health sector would
like to have local hosted services to complement the lack of
resources. Yet another observation from the survey is the
computer illiteracy to the majority of the intended users.
We have recommended and deployed bandwidth optimiza-
tion through caching, news feed, local content hosting and
local social network site.

1One of the doctors interviewed, noted that the same af-
ternoon he was going to perform a surgery that he had not
performed in five years, he wished to have some material to
refresh his memory

5.1 Bandwidth Optimization through Caching
A bulky of the Internet traffic distribution in Figure 4 is
binary, further analysis in Figure 5 indicates that major-
ity of the traffic is composed by operating system updates
(Window and Ubuntu), anti-virus updates and viruses. It
is possible to install Ubuntu repository within the local net-
work, a bit challenging for to have a centralized Window
updates as these are individual user computers with differ-
ent licenses. A proxy caching server could be used also to
cache static web pages and block unwanted advertisements
which consume bandwidth.

We have proposed and installed squid caching server [17], ad-
vertisements content filtering is achieved by Adzapper [18].
The Squid proxy is configured to redirect URL requests to
which removes advertisements, unrequested pop-up windows
and other unsolicited content and returns the sanitized URL
to the squid proxy. 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”.

5.2 News Feeds
It was noted in the analysis that people like to read news.
Since the Internet connection is very limited and newspa-
per websites are hard to cache, the local server could auto-
matically download the news and display them on the local
website. This way, each individual user does not have to
visit the newspaper websites directly as that puts unneces-
sary load on the bandwidth, but instead they can visit the
district website which contains the same news and is faster
to access.

We have proposed and configured a news feeds via RSS (Re-
ally Simple Syndication) [23] to improve the surfing experi-
ence. Feeds from six different newspapers, some in English
and some in local language (Swahili), are made available
through the local website.

5.3 Local Content Hosting and Generation
The recommendations from the education and health sector
was for the availability of local hosted contents that could be
used to supplement the lack of books in schools and regular
in-house training (refresh) courses in health sector.

To respond, we have copied the schools-wikipedia [19] into
the local server, making it accessible locally. We have ob-
tained digital materials on HIV/AIDS from the national HIV
control program, made them accessible locally via stream-
ing. More contents related to the requests require coordi-
nation with the responsible ministries, as they have to con-
form to the national curriculum, adhere to the ethical rules
(health), and should be produced (or permitted) by respon-
sible authorities.

5.4 Local Social Network
A recent study showed that consumers all over the world
spend more than 20% of their time on Internet on social
networking sites such as Facebook and Twitter [21]. The
same study also showed that the amount of time spent on
social networking sites has increased by 82% from the previ-
ous year. These statistics suggest that social media sites are



Table 3: Wish List of the Content need for Teachers as Observed in [15]
Topic Examples of material wished for Level Goal
English
Material for
teachers

Theory about: Tenses, grammar, part of
speech nouns, pronouns. Participatory exer-
cises 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 im-
prove the students learning
pace. Material for teachers to
refresh their memory.

Grammar Simple examples and explanations followed by
exercises that the students can use indepen-
dently to improve their grammar

Secondary school,
basic to advanced

Be able to apply grammar learnt

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 un-
derstanding 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 demon-
strate 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 for-
mulas 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 dif-
ferent 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 calcu-
late area, volume, perimeter, types of shapes,
pyramid, cones, square, and triangles, In-
structions on how to use brackets, addition,
multiplication, division, simplify an expres-
sion, 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 east-
ern Africa.

Primary school Fill the gap for teachers caused
by the lack of books and other
teaching aids

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 sec-
ondary school

Train the teachers so that they
can teach the students



important parts of people’s lives and have become even more
important over the last year. This is also a learning plat-
form with regard to collaborative work, improving English
language, etc.

Our Internet traffic analysis in figure 7 indicated that social
networks are among the most growing sites, thus there is
a need to provide that experience locally by having a solu-
tion that could provide functionalities like Instant Messaging
(chat), connect with friends, profile page, recent activity, etc.
We hope such a site could enhance the ICT literacy as peo-
ple would like to participate and show off to their collegues
on what they are capable of.

We proposed and installed an open-source social networking
engine known as Elgg [22], which support most of the func-
tionalities found on facebook, such as manage user accounts;
customize profile page (comparable with the ‘wall’ page on
Facebook); chat with friends; messaging; join, create and
manage learning groups; and recent activities.

The easy communication allow its users to learn from each
other in a convenient manner. Since the website is on the
local server, visiting and using it is convenient and fast.

6. CONCLUSIONS
In this paper, we study the network usage of Serengeti broad-
band network, a municipal network connecting two district
capitals in remoter areas in Tanzania. We find a positive
trend towards the use of social networks, visiting news sites,
and towards personal use. Professional use of the Internet,
such as in education or healthcare are reported but not in
great extent compared to the personal use. Also, we saw
binary files from operating systems consume much of the
Internet bandwidth.

We have proposed and implemented measures such as caching
servers and deploying social networks in the local networks
to encourage interactions between information producers and
consumers within the network. However, it also remains to
the local government to automate much of its communica-
tions systems so that it can use its local website to engage
its citizens.
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