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Measurements: for what for?
‣ Macroscopic view of the network topology 

• Routing table, RouteViews, Routing stability, Traceroute 

‣ Performance Measurements 
• Reachability and latency 

• Identify bottlenecks 

‣ Application level measurements 
• Usage and Quality of Experience (QoE) 

• National regulatory requirements (FCC and Ofcom) 

• African regulators?
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Measurements: Infrastructure 
Components
‣ Vantage Point: infrastructure node with a 

known geographic/network location, from 
which measurement is launched/conducted 

• Holy grail of Internet measurements 

• Researchers require access to widely distributed 
vantage points 

‣ Target: Internet node/network towards which 
active measurements are conducted
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Measurements: for what for?



Internet Measurement Platforms
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Popular Platforms: Ripe Atlas

6

https://atlas.ripe.net/



Popular Platforms: Ripe Atlas
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https://atlas.ripe.net/

*  Widely distributed, but obvious gaps in Africa)
- About 230 active probes in Africa
- 40 countries covered



Speed-checkers
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Up to 50 percent of African
ASNs covered
! Software probes on end user
devices
○ Availability depends on
status of user device



Popular Platforms: M-Lab
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https://viz.measurementlab.net/compare/location

<< https://speed.measurementlab.net/#/



Mobile: Ookla Mobile  + MySpeedtest 
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http://www.speedtest.net/mobile



My Speed Test
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•Internet measurements in mobile networks
•About 500 mobile probes (mostly in South Africa 
and Kenya)



‣ Provide empirical evidence on the current configuration 
of web content access access, hosting, and distribution 
in Africa, to identify challenges related to usage, 
hosting, distribution and accessing of local content 
in Africa 

• illustrate what are the factors affecting performance when 
accessing Africa’s digital content 

‣ Identify specific points of policy recommendations 
on how to improve Internet adoption and 
infrastructure performance from a content 
perspective

Case study:  Measuring Internet development in 
Africa from a content use, hosting and distribution 
perspective 
Objective
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Background
‣ Problem: Internet availability has outpaced 

adoption in Africa, raising questions of why 
adoption is lagging behind 

‣ The majority of the African population continues to be offline 
due to:  

• high data costs  

• lack of local content 

• poor network performance 

‣ Access to spectrum remains one of the main bottlenecks to network 
growth on the continent
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Throughput - South Africa
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Source: Speed-checkers

Investment in broadband 
infrastructure in Africa is not 
improving throughputs 
across the continent



Throughput - Nigeria
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network congestion being 
experienced by the ever-increasing 
subscriber base 

Source: Speed-checkers 
Analysis: LBS Lagos 



Throughput - Kenya
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Source: My Speed Test - Analysis, Walubengo, 2017



Round Trip Time - Latency
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Country-level (median) latency heat-map. Countries are 
ordered by latency proximity. 

Formoso, Chavula, Phokeer, Sathiaseelan and Tyson, 2017

The lowest delays can 
mostly be observed 
within intra -country 
delays.



Research questions
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1. What are the main obstacles to internet adoption in Africa?  

2. How much does it cost to access content? 

3. Where is local African content hosted? Taking into account local 
news websites, how much of the content is hosted locally vs 
globally? 

4. How is content hosted in Africa? 

5. What routes are used to access locally hosted content? 

6. What is the latency for content hosted in various regions? 



1) Measuring what type of content people in Africa 
consume 

Source: Research ICT Africa (RIA) #AfterAccess survey - Nationally 
representative results for households and individuals  

2) Measuring how much does it cost to access content? 
Source: List of local news websites ABYZ News Links; RIA 1GB 
basket data 

Two web-crawlers (mobile-device based and desktop based) used to 
scrape websites’ homepages. Each website’s index page is examined 
by downloading all the web objects on the home page 

The price of mobile Internet access: sizes of the websites’ 
homepages (index page) multiplied by price per gigabyte 
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Research methods and data sources



3) Measuring where is local African content hosted; How 
much of the content is hosted locally vs globally?  

Source: MaxMind geolocation database: 

- To determine geographical location of each web-hosting server.  

- Used to obtain the network information, which includes the 
networks’ Autonomous System Numbers (ASNs) and network 
names 

20

Research methods and data 
sources
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4) Measuring how is content hosted in Africa? 5) What 
routes are used to access locally hosted content? 6) What 
is the latency for content hosted in various regions? 

Active measurements in the form of Traceroute data: 
- Determine the countries and networks that host each of the measured 
websites, as well as the attendant packet delays between users in the 
country and websites 

- Traceroute were conducted from a distributed set of vantage points in 
each country to the respective websites.  

- Ripe Atlas: provides a world-wide network of physical probes that can 
be used as measurement vantage points. Ripe Atlas presently has about 
230 active probes in Africa, distributed across 36 countries.  

Research methods and data 
sources



Data Characterisation and 
Overview - Survey Data
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SAMPLE DISTRIBUTION

Country Observation Urban (%)

Ghana 1200 55,31

Kenya 1208 26,49

Mozambique 1171 32,82

Nigeria 1200 49,4

Rwanda 1211 21,6

South Africa 1815 64,5

Tanzania 1200 33,02

Source: Research ICT Africa #afteraccess survey, 2017



Data Characterisation and 
Overview - Internet Measurement 
Data
ABYZ directory: list of 1,065 African news sites 

From each country and for each website, a maximum of 10 probes were 
selected and used to launch Traceroute packets to each of the country’s 
websites.  

The Traceroute measurements repeated over a five day period, resulting in 
about 19,299 successfully measurements between the probes and the 
websites.  

Each Traceroute measurement returns three final hop RTTs, meaning that in 
total, there were 57,897 end-to-end RTTs.
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Data Analysis - Users perspective
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Mobile phone, smartphone, and internet use across 7 African countries

Country Mobile 
Phone (%)

Smartphone 
(%)

Internet Use 
(%)

Ghana 73,87 34,27 26,00

Kenya 86,94 27,57 25,59

Mozambique 39,73 17,01 9,7

Nigeria 64,42 23,83 30,22

Rwanda 48,16 9,02 8,21

South Africa 83,84 55,53 49,72

Tanzania 58,52 22,12 13,53

Source: #AfterAccess RIA surveys, 2017



Data Analysis - Users perspective
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Reasons preventing from using the mobile phone 
more

Mozambique Rwanda South Africa Tanzania

Friends and family do not have mobile phone 8,69 5,04 2,56 0,64

Cost of calls (airtime) 54,64 43,39 34,33 51,92

Cost of data 3,7 5,03 20,11 5,1

Coverage (available services) 3,99 1,41 6,51 6,71

Battery life 11,28 2,15 4,54 16,45

Lack of content 0,85 6,12 1,66 1,75

My mobile phone is a distraction 1,17 3,28 2,48 8,51

I am worried about sending personal information 1,28 11,55 1,6 1,01

Not applicable (I do not want to us 3,19 15,63 21,96 1,96

Other 11,2 6,4 4,25 5,95

Source: #AfterAccess RIA surveys, 2017
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What does limit you from using 
the internet? Ghana Kenya Mozambique Nigeria Rwanda

South 
Africa Tanzania

No limitation 11,96 16,95 19,92 21,58

Lack of time 21,78 20,16 11,59 15,65 18,13 10 25,62

Data cost 51,51 45,42 43,28 32,25 48,7 47,15 40,64

Lack of content in my language 3,59 1,96 6,43 0,26 8,49 3,32 3,68

Speed of Internet 7,53 11,63 36,5 18,11 1,01 24,22 28,36

Privacy concern 0,47 0,51 2,44 2,98 2,08 3,18 0,89

Worried about getting virus/
malware

0,6 0,74 8,85 9,97 3,77 0,85

Not allowed to use it (by family/
spouse)

0,69 0,07 5,45 1,02 2,95 2,88 0,57

Find it difficult to use 1,87 0,95 5,36 1,65 5,99 2,23 4,14

Source: #AfterAccess RIA surveys, 2017

Data Analysis - Users perspective



Cost of accessing website
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Size of news website home pages, calculated based on sum of 
the size for web object downloaded when loading site 
homepages

Cost of accessing news website home pages, calculated 
based on size of homepage (MB) multiplied by the average 
data cost in a country

1MB

USD0.01



Geolocation of African news 
content - hosting 
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Percentage of websites per country local vs remote



Geolocation of African news 
content - hosting 
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Map of the 
world showing 
countries where 
the African 
news websites 
are hosted; the 
colour intensity 
reflects the 
percentage of 
websites hosted 
in the country.
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Geolocation of African news 
content - hosting 



Network-level analysis of Africa’s 
news sites
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Delay Analysis (RTT) to access 
locally and remotely hosted 
content 
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National median RTTs to locally hosted websites National median RTTs to remotely hosted websites



Delay Analysis (RTT)
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Median RTTs (ms)  between measurement vantage points and news websites located within 
each country



Delay Analysis (RTT)
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Median RTTs (ms)  between measurement vantage points and news websites located in remote 
countries



Summary 1/6

‣ In three out of seven of the countries surveyed, less than 
20% of the respondents have used the Internet 

• high cost of airtime has been identified as the main barrier to mobile 
phone usage 

• lack of content does not seem to be one of main reasons preventing 
people from using the mobile phone. 

• In terms of barriers to internet use, high costs of data is hindering 
adoption.  

• This study does not find evidence of lack of content in local 
languages as one of the main obstacles to internet use, except in 
Rwanda. 35

What are the main obstacles to internet adoption 
in Africa?
#AfterAccess (HH and Ind Surveys) data analysis



‣ In more than one third of all African countries 
sampled, accessing local news websites costs more 
than USD0.01.  

‣ Half of these websites have homepage data volumes 
exceeding 1 MB  

• they are are not optimised for mobile access
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How much does it cost to access content? 
Summary 2/6

Website’s index page analysis x RIA 1GB baskets 



‣ 85% of the local news websites are hosted outside of their 
respective countries (mostly Europe and US) 

‣ The majority of the websites that were observed to be hosted 
within Africa were based in South Africa (14%) 

‣ Almost all the countries in the sample have less than 30% of their 
websites hosted locally, and about half of all the countries have 
less than 10% local hosting
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Summary 3/6
Where is local African content hosted? Taking 
into account local news websites, how much of 
the content is hosted locally vs globally? 

Traceroute data and geo-location (MaxMind geolocation - 
ASNs and network names 



‣ Network Level Analysis: Most of the local African 
news websites are hosted by foreign companies. The 
leading providers for Africa’s remote hosted news 
websites are Cloud infrastructure and make use of 
content distribution networks (CDN) to mirror the 
content locally. 
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Summary 4/6
 How is content hosted in Africa? 

Network Level Analysis



‣ 68% of all the Internet path for accessing African 
websites from African countries traversed outside 
Africa, mostly through US and European networks.  
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Summary 5/6
 What routes are used to access locally hosted 
content? 
Traceroute data analysis 



‣ Geo-location of website hosting has significant implication on 
performance.  

‣ The median RTTs for locally hosted websites is generally lower 
than the RTTs for remote hosted websites.  

• In some countries, the median RTTs for locally hosted websites is 
higher than for websites that are remotely hosted -> indicator of 
circuitous paths: lack of local ISP peering.  

• In these cases interconnections between local networks is done 
through networks in remote countries.

40

Summary 6/6
What is the latency for content hosted in various 
regions? 
Traceroute data analysis 



Conclusion and Policy 
Implications 
Internet policy makers are urged to identify ways of facilitating local markets 
for content hosting, access and distributions by focusing on: 

1. Incentivising investments on data centres and web farms in Africa, to stimulate 
economies of scale for the local web hosting market;  

2. Encouraging local news websites to move the content closer to the users in Africa, 
by incentivising the use of CDN-enabled networks and by reducing prices for local 
hosting;  

• Although level of delays for CDN-based websites are similar to locally hosted websites, 
CDNs do not improve the performance of locally hosted content in cases where there is lack 
of local peering. 

3. Facilitating peering relationships between ISPs and investing in local exchange 
points to reduce latency; and  

4. Incentivising ISPs to peer in local exchange points. 
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Thank you!


