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Interest in the economic impact of Information and 
Communication Technology (ICT) investments is growing 
worldwide as governments seek new ways to spur growth. 
Moreover, investment decisions must undergo extra scrutiny  
in the current tough economic conditions.

In 2010, Ericsson and Arthur D. Little conducted an in-depth 
study titled “Socioeconomic Impact of Broadband Network 
Investments,” which measured the economic effects of 
broadband penetration. It explored the latest understanding 
of the impact of fixed and mobile broadband investments. 
The study was based on more than 120 academic reports 
and business papers published between 2001 and 2010, and 
results showed that broadband penetration has positive effects 
on society.

In 2011, Ericsson initiated a follow-up research project, 
“Socioeconomic Effects of Broadband Speed,” comprising 
two studies: the first on a macroeconomic (national) level, and 
the second on a microeconomic (household) level. This report 
focuses on the results of these two studies.

PART 1 – SOCIOECONOMIC EFFECTS OF BROADBAND 
SPEED: A MACROECONOMIC INVESTIGATION

The first study featured in this report is on a macroeconomic 
(national) level, and investigates the impact of broadband 
speed on macroeconomic growth. Using panel data 
econometric methods, Ericsson, in co-operation with Arthur D. 
Little and Chalmers University of Technology, investigated the 
impact of broadband speed on the economy.

This study is a world first in quantifying the economic impact 
of broadband speed upgrades using a comprehensive, best-
practice, scientific method based on empirical data. Data has 
been collected for 33 Organization for Economic Co-operation 
and Development (OECD) member countries, using publicly 
available sources. Results show high statistical significance, 
are robust to model changes and pass rigorous statistical 
testing regarding the direction of causality.

The study was first presented at the Broadband World Forum in 
Paris on September 27, 2011. It was significant in the debate on 
the benefits of broadband, being cited in more than 150 press 
articles worldwide as well as at several industry conferences. 
The study is also published as an academic paper in the 
International Journal of Management and Network Economics 
(Rohman and Bohlin, 2012).

The main result of the study can be summarized as follows:

 > Doubling broadband speeds for an economy can add 
0.3 percent to GDP growth, in a simulation relative to the 
base year 2008

 > The benefits of  faster broadband can be categorized as:

 – Economic effects, including increased 
innovation and  productivity in business

 – Social effects, including better access to 
services and  improved healthcare

 – Environmental effects, including more 
efficient energy consumption

PART 2 – SOCIOECONOMIC EFFECTS OF BROADBAND 
SPEED: A MICROECONOMIC INVESTIGATION

The second study in this report is a microeconomic (household) 
level investigation which assesses the impacts of broadband 
access and upgrades on household income.

The microeconomic study analyzes data from eight OECD 
countries, as well as Brazil, India and China (BIC), investigating 
the similarities and differences between them. The study 
used data from Ericsson ConsumerLab’s web-based survey 
conducted in 2010 with over 22,000 respondents.

Delving deeper than its macroeconomic counterpart, it 
measures the impact of broadband speed on household 
income, by analyzing whether leveraging the benefits of faster 
broadband can improve competitiveness in the labor market

The main findings of the microeconomic investigation can be 
summarized as follows:

 > Broadband access affects development: 

 – In OECD countries, gaining 4 Mbps of broadband 
increases household income by USD 2,100 per year

 – In BIC countries, introducing a 0.5 Mbps 
broadband connection increases household 
income by USD 800 per year

 > Broadband speed upgrades affect development:

 – In OECD countries, upgrading from 0.5 Mbps to 4 Mbps 
increases income by around USD 322 per month

 – In BIC countries, upgrading from 0.5 to 4 Mbps 
increases income by USD 46 per month 

Several key drivers of household income are believed to be 
linked to internet access speed:

 > A faster broadband speed boosts personal productivity and 
allows for more flexible work arrangements 

 > A higher speed also opens up possibilities for more 
advanced home-based businesses as a replacement, or 
complement to, an ordinary job

 > Broadband speed enables people to be more informed, 
better educated and socially and culturally enriched – 
ultimately leading to a faster career path

The results from both the macroeconomic and microeconomic 
studies support the theory that both broadband availability 
and speed drive growth in an economy. Further investigation is 
needed concerning the relationship between broadband speed 
and services used.

To date, the full interplay between broadband coverage, speed, 
benefits and the value of externalities has yet to be modeled. 
Nevertheless, this research project into the socioeconomic 
effects of broadband scientifically confirms that speed is 
a highly important factor in spurring economic growth, for 
individuals and the overall economy. 

Executive summary
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BACKGROUND

In 2010, Ericsson, in co-operation with Arthur D. Little, 
published the study “Socioeconomic Impact of Broadband 
Network Investments,” which measured the economic 
effects of broadband penetration. Following its success, they 
launched a new research project, “Socioeconomic Effects of 
Broadband Speed,” in spring 2011 comprising two studies: 
macroeconomic and microeconomic. The purpose of the 
project was to isolate and quantify the economic effect of 
broadband capacity upgrades. The project aimed to explore 
the latest global understanding of the economic effects of 
increased broadband speed. 
It also aimed to provide statistical 
analyses on the relationship 
between broadband speed and 
economic values using proven 
scientific methods. 

This report represents unique 
findings, as the impact of 
broadband speed upgrades 
has previously not been 
investigated and published 
on an empirical basis.

WHO SHOULD READ 
THIS REPORT?

The results of this report are likely 
to be of interest to a number of 
industry stakeholders, including 
governments contemplating 
investments in broadband 
infrastructure, the European 
Union and Commission, NGOs 
and industry organizations, operators and regulators.

THE CONCEPT OF BROADBAND SPEED

The report examines the effects of broadband speed, 
which is a concept that must be clarified. However before 
investigating the concept of broadband speed, a few other 
terms should be explained. 

Broadband internet access, often referred to as “broadband,” 
is defined as a high data transmission, which is always 
connected to the internet, typically contrasted with temporary, 
lower-rate, dial-up access. The internet consists of shared 
resources, to which anyone can have access through the use 
of a link – a data communications system – that is connected 
to shared resources. The data communications system 
transports information formatted as binary digits called “bits.” 
These bits are grouped into delimited information packets 
that are transported via communications links. Where there 
is no information transfer, no information packets are being 
shipped over the link. In other words, the link lays idle. Most 
communication systems take advantage of the fact that not 
all users use the links at the same time. Links are shared 
between many users. A user occupies transfer capacity when 
that particular user sends or receives information.

A link may also be dedicated, which normally is the case for a 
wired link between a home computer and the first aggregation 
node. However, if the computer is connected to the internet in 
a wireless manner, even the first link is typically shared. 

Broadband connections use telephone lines, optical fibers, 
the cable TV network, power lines or mobile networks to 
reach the internet. A typical broadband connection and its 
links are presented in Figure 1.

Defining speed

The transmission rate of a data communications system is 
commonly referred to as its “speed.” Clarity regarding the 
meaning of this is of great importance, as many different 
definitions exist. The transmission rate depends on the 
characteristics of the dedicated links and how the shared 
resources are allocated and loaded. Broadband speed 
depends on:

 > The physical characteristics of the connection links, 
for example distance and bandwidth 

 > Policies set for allocation of shared resources,  
for example priorities and queuing

 > The behavior of other users loading the shared resources

Hence, the achieved broadband speed is not equal to the 
bandwidth, as many parameters play a role here.
Traditionally, dial-up connections were used to access 
the internet. These are still being used in many emerging 
economies. A dial-up connection uses the telephone network 
to link the computer to the internet, and has a limited but 
predictable access capacity, normally restricted to 56 Kbps.

INTRODUCTION

Figure 1: Schematic of a typical broadband connection

Source: Ericsson, Bauer, Clark and Lehr, 2010
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A broadband connection is – in 
contrast to dial-up – capable of 
always being on. Traditionally, 
internet access speeds of 
256 Kbps and above have been 
considered broadband (OECD), 
but recent definitions of basic/
functional broadband set the 
lower limit at 2–4 Mbps (EU, FCC). 
The exact speed threshold that 
defines broadband is not highly 
important to this study, instead it is 
the comparison between different 
internet access speeds that serves 
a purpose here.

A speed bottleneck can occur 
anywhere along the broadband 
connection. The link with the least 
amount of unused bandwidth along 
the path determines the end-to-end 
available bandwidth, see Figure 2.

Here the difference between 
capacity and the maximum 
possible speed becomes clear. 
The capacity is the total bandwidth 
of a link, whereas the maximum 
possible speed for a user is the 
amount of available bandwidth not 
currently used. Both capacity and 
available bandwidth are measured 
in bits per second.

A link’s capacity is affected 
by the technology used. Most 
technologies today normally do 
not exceed 100 Megabits per 
second per connection, but there 
is potential to reach 1 Gigabit 
per second, particularly with 
optical fiber technology. Figure 3 
presents a snapshot of different 
technologies’ capacities.
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Source: Arthur D. Little analysis

Measuring speed

When discussing broadband speed, it is important to define 
which bits are actually included. There are several ways of 
counting bits. Either gross bits or net bits are considered. 
Gross bits are the total number of physically transferred 
bits, including user data as well as control signals. Net bits 
exclude basic control bits, but include some control signaling 
(the protocol) and user data. Net bits form a net data packet, 
which consists of three main parts: 

 > A header which contains the sender’s and the recipient’s 
IP addresses, the protocol governing the information, etc.

 > The original information – the body

 > A trailer which informs the receiver that the data packet 
is complete
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Figure 4: Breakdown of transfer rates

Source: Ericsson, Arthur D. Little analysis
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Figure 5: Comparing advertised speed and achieved speed in OECD countries (2009)

Source: OECD, Ookla speedtest.net

Gross and net bits relate to speed measurements, as seen in 
Figure 4. Lastly, data transfer rate can be referred to, which 
is the achieved average net bit rate that is delivered to the 
applications, excluding all protocol overhead and potential 
retransmissions. This is the actual useful data rate. For 
instance, when downloading a file from the internet, the data 
transfer rate is the file size (measured in bits) divided by the 
file transfer time.

In addition to these measured speeds, one may consider the 
advertised speed communicated by the operators. Ideally, 
when analyzing the effects of broadband speed, achieved 
speed is preferable over advertised speed, since the latter 
irregularly corresponds to the real speed experienced 
by the user (Figure 5). Even disregarding outliers such 
as South Korea, Japan and France, these differences 
are striking.
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Term Definition Pros Cons

Advertised speed

Achieved speed

Peak speed

Capacity
consumption rate

Typically the theoretically highest 
possible downlink net bit rate 
that may be obtainable on a 
subscribed to connection 
in a broadband access network

The average highest achieved 
downlink net bit rate for a 
population of broadband users 
measured from the server end in 
a broadband network over a 
defined time span

The average amount of 
downloaded bytes over a 
broadband connection during 
one month. Measured in 
Mbyte/month or Gbyte/month

The average (downlink) net bit 
rate (or data transfer rate) that is 
obtained over a connection in a 
broadband access network, 
caused by capacity limitations in 
the total end-to-end broadband 
network. This is the data rate 
typically measured by users 
performing self-initiated 
speed tests

>  Measured data

>  Takes into account the entire 
connection line – end-to-end

>  It is a speed measurement 
that is easily interpreted by 
the general public

>  Measured data

>  Takes into account the entire 
connection line – end-to-end

>  Measured data

>  Provides a measurement of 
the actual volume (bytes) 
used per month

>  The monthly data rate is not of 
high relevance when trying to 
measure broadband speed, 
seconds matter to 
internet users

>  Few reliable sources

>  There are several ways to 
measure speed over a 
connection with different 
methods giving different results 
(Akamai uses mirror servers, 
which may – but are not aimed 
to – bias the outcome)

>  Depends on the user's internet 
behavior, and does not always 
correspond to the maximum 
possible speed

>  Few reliable sources

>  There are several ways to 
measure speed over a 
connection, different methods 
giving different results

>  If correctly cited, the advertised 
speed gives an indication of the 
theoretically highest possible 
downlink speed

>  Not real measured data

Figure 6: Comparing measurements of speed 

Taking into account the concerns expressed for the different 
ways of measuring broadband speed, the pros and cons of 
each “speed term” can be summarized and compared, as 
seen in Figure 6. While advertised speed is readily available 
and gives an indication of the theoretical maximum, which 
may play a role in technology investment decisions, it 
offers poor insights into the actual user experience and 
risks biasing the data. Achieved speed on the other hand, 
is based on actual data from speed testing institutes 
(such as Ookla).
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Akamai has servers placed worldwide in 
order to speed up downloads from the 
internet.They also measure the 
download speed from these servers, 
which forms the data on which these 
figures are based.

The statistics are based on data from 
speedtest.net, which is a service provided 
by Ookla. The measurements were done 
in 2009. The figures are indicative – 
OECD does not provide exact numbers.

The statistics are based on millions of 
recent test results from Speedtest.net. 
Top 10 countries require at least 100,000 
unique IP addresses for a given country. 
Speed measured between Nov 3, 2008 
and May 5, 2011.

Term Definition Pros
Top 3 countries with highest 
achieved broadband speed

(Mbps)
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achieved broadband speed
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achieved broadband speed
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Figure 7: Measurements of achieved speed from three different sources

Source: Akamai (2010), Benkler (2009), Ookla’s netindex.con, accessed on May 6, 2011

As seen in Figure 7, three different, well respected 
organizations have estimated different results in terms of top 
three achieved broadband speed rates (Mbps). Results are 
comparable in the ranking between the countries, yet differ 
considerably between institutes for measuring the same 
country. This illustrates the immaturity of broadband speed 
measurement techniques and concepts.

Peak speed is also based on real data but is likely to be 
closer to advertised speed since it counts the highest 
achieved speed. This is heavily dependent on the user’s 
internet behavior and is not representative of the speed 
they experience over time. Finally, capacity consumption 
rate takes into account not only the flow rate but the actual 
volume of the flow. While this measurement adds an 
additional dimension, it does not reflect the speed but  
rather the consumption per time unit.

Keeping these considerations in mind, achieved speed 
was the chosen measurement. This is due to its relatively 
high accuracy in capturing the concept of speed and 
its acceptable level of data availability compared to, 
for example, peak speed measures.
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PART 1

Figure 8: Main sources used in the macroeconomic study

Source Type Data 

OECD Dependent variable GDP per capita – USD Purchasing Power Parity (PPP)

Ookla Investigated variable Average achieved broadband speed

OECD Control variable

Fixed broadband penetration rate

Average broadband subscription price

Education level

Telecommunication revenue in USD (millions)

Population densityWorld Bank
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Energy 
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usage 
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Use many apps 
simultaneously 
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penetration 
 and speed 

Note: 1) Increased automatization has a negative effect on number of jobs – however the net 
effect  of increased broadband speed on number of jobs is positive, according to several studies.

Figure 9: Schematic of effects stemming from increased broadband speed

Note: This map is a simplification – in reality there are even more factors and linkages.

1For details of reviewed reports, please consult Appendix E: Literature study overview

SOCIOECONOMIC EFFECTS OF BROADBAND SPEED: 
A MACROECONOMIC INVESTIGATION

WHY SPEED MATTERS –  
A MACROECONOMIC INVESTIGATION

This chapter describes the impacts on society from increasing 
the average broadband speed, as identified in previous 
research by Ericsson and Arthur D. Little. The effects are 
classified as economic, social, and environmental. 

 > Economic effects are measurable impacts on the 
general economy

 > Social effects are behavioral changes among individuals, 
groups or society

 > Environmental effects are impacts on the local or 
global environment

A detailed, yet incomplete, schematic of the effects 
stemming from increased broadband speed is presented in 
Figure 9. As seen, these elements form a complex web of 
interdependencies.

EXPLORING THE IMPACT 
OF BROADBAND ON GDP

Previous 2010 research concluded 
that increased broadband 
penetration adds to economic 
output (GDP). The study outlined 
in this part of the report  was 
conducted as a follow-up 
investigation. It analyzes if, and to 
what extent, increased broadband 
speeds impact economic activity 
on a national level.

KEY SOURCES

There are several key sources 
to this study, of which statistical 
data form the major part. For 
the analysis on the impact 
on GDP, large data sets have 
been obtained from well-
renowned sources including 
the Organization for Economic 
Co-operation and Development 
(OECD), the World Bank and 
Ookla. Figure 8 provides an 
overview of the statistics’ 
data sources.

As a complement to the 
quantitative analysis of the 
economic impact of broadband 
speed upgrades, qualitative 
analysis has been conducted 
using secondary sources. The 
qualitative findings in this report 
derive from a literature study 
covering over 80 academic 
reports and business papers 
published between 2002 and 
2011, in which socioeconomic 
effects of broadband upgrades 
have been analyzed.1
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2 For example: Arrow & Kurz (1970), Weitzman (1970) and Barro (1991).
3 Externalities are positive effects in employment and economic output resulting from enhanced productivity, innovation and value chain decomposition.

Economic effects

It is widely documented that investments in infrastructure 
are important for economic growth, and influential political 
economists have incorporated infrastructure investments 
in theories of growth.2 In other words, broadband upgrade 
investments cause certain economic effects, especially when 
evolving from one technology group to another, for example 
from dial-up to fiber.

A large-scale infrastructure investment significantly increases 
the economic activity in the specific region/city/country 
as a result of increased employment and purchase of raw 
material. These are referred to as direct effects. In the long 
term, improved infrastructure, such as better roads, better 
flight connections, and higher broadband speed, stimulates 
productivity which is beneficial for the greater economy. This 
latter consequence is referred to as an indirect effect, and the 
more structural changes that take place (often in other sectors), 
are referred to as induced effects. This is a useful framework 
for discussing the impact of broadband investments, however it 
is not used by all studies investigated. 

The economic effects of infrastructure investments are normally 
measured by the amount of increased economic activity, which 
applies to certain areas of the studies concerning broadband 
investments. Direct effects of the investment will add to GDP as 
a result of increased employment and purchase of raw material 
when installing the upgrade of the broadband infrastructure.
 
Higher electronic communication speeds are relevant in 
knowledge-based communities. This is because it spurs 
productivity, and hence increases competitiveness, which 
gives GDP the ability to grow. The reasons for increased 
productivity include:

 > Increased broadband speed means that larger packets of 
information can be transferred digitally. This saves time and 
forms the basis for greater productivity.

 > Larger amounts of better quality information can be 
gathered and distributed than was previously possible, 
which opens up new creative and commercial opportunities, 
for example being able to reach customers worldwide.

 > The ability to store large amounts of information online 
means that more people can work from home more often, 
which saves commuting time. The amount of business 
trips can also be reduced, thanks to high-quality video 
conferences (Ezell, Castro & Atkinson, 2009). The time saved 
can then be used for more productive tasks.

 > With increased broadband speed come new types of 
computer programs and network services, which may 
reduce firms’ hardware and software costs substantially. 
The money saved may be used for other investments 
leading to higher demands for goods and services, and 
thereby an increase in GDP. 

It can also be argued that increased broadband speed will 
lead to more jobs. The main reason is the building of new 
infrastructure. More jobs will be needed in the construction, 
telecommunications, and electronics sectors. In the long run, 
there are indirect effects that create new jobs, triggered by, 
for example, enhanced innovation resulting in new services.
Despite the economic benefits coming from increased 
broadband speed, the trade-off between increased penetration 
and increased speed must be discussed. 

The Ingenious Consulting Network examined what is more 
advantageous – providing broadband to those without it, or 
increasing speed to those who already have it. The findings show 
that a penetration increase gives a greater return on investment. 
Figure 10 presents an example from the study. The numbers 
exclude externalities that may arise from the investment, which 
means the rate of return is probably higher than that stated here.3 
The British example suggests there is an upgrade investment 
opportunity, as 64 percent of British households have “fast” 
broadband. This provides a return of EUR 1.55 for every EUR 
1 invested. The study argues that authorities should aim for 
100 percent penetration before investing in higher speeds.
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Figure 10: Incremental consumer surplus per EUR of subsidy in UK 2015.  

Source: Meek, Kenny, Broughton, Thanki and Com, 2010   Note: It is assumed that 38 percent of households already deploy fast broadband
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Figure 11: Previous forecasts of economic effects from broadband investments in the US

Source: Crandall et al. 2010

However, if the externality effects are big enough (each 
household spending an extra EUR 23 per month), then an 
investment in fast broadband of up to 64 percent of British 
households can be motivated, because the rate of return 
would be as high as for maximum penetration. It must be 
pointed out that the study finds a positive economic return in 
investing in higher speeds, even though the rate of return is 
lower than for penetration (again excluding externalities). There 
are also other studies showing that broadband penetration 
should be prioritized (Kenny & Kenny, 2011).

Crandall & Singer (2010) analyzed the economic impact of 
broadband investments (both penetration and upgrades) 
on consumer welfare, job creation, and economic impact. 
Furthermore, they compared their prior predictions with the 
actual US broadband experience during the past decade. 
They concluded those US investments between 2003 and 
2009 led to significant numbers of new jobs, as well as 
increased GDP. The numbers are specified in Figure 11, and 
are compared to the estimates made by the authors in 2003. 
The study shows that previous forecasts are likely to have 
underestimated the economic impacts of the US broadband 
investment. Estimating effects of new technologies is 
difficult, since one cannot know beforehand how the 
technology is going to influence users and society.

USD 3.6 billion
Cable broadband incl.
DOCSIS    3.0  

USD 14.0 billion
Wireless technologies 

USD 0.3 billion
Satellite broadband  

USD 12.5 billion
Wireline broadband
incl. FTTH and FTTN 

508,000

205,000

247,000

52,000

4,000

USD 30.4 billion – total 

Annual investments New jobs created annually 

Figure 12: Estimated employment effects of broadband investments in the US 2010-2015

Source: Crandall et al. 2010

Figure 12 shows how authors 
believe that upgrading to second 
generation technologies will result 
in an average of more than half 
a million US jobs sustained from 
2010 to 2015, compared to a 
world without such investments.
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Scenario 1 

 Equivalent to DKK 114 billion
Broadband speed increase based on 
Denmark’s High-Speed Committee’s vision

 
 

42 Mbps 

9 Mbps 

20
10

20
13

GDP Innovation

4.9 percent increase in GDP
in 2020, of which:

>  4.1 percent applies to the effect 
of speed increase

>  0.8 percent applies to the effect 
of new broadband users

18.8 percent increase in product and 
process innovation in 2013, of which:

>  12.3 percent applies to the effect
 of speed increase

>  6.5 percent applies to the effect
of new broadband users

In addition, the study concludes that 
organization and sales innovation will 
also take place.

Scenario 2 

Broadband speed increase based on 
Sweden’s vision for 2020

 

92 Mbps

 

9 Mbps  

20
13

20
10

Equivalent to DKK 170 billion

7.3 percent increased GDP in 2020, 
of which:

>  6.3 percent applies to the effect 
of speed increase

>  1.0 percent applies to the effect 
of new broadband users

The study does not cover innovation 
effects of this particular speed. 
However, even further broadband 
speed increases should lead to at 
least the effects presented above.

Figure 13: Estimated gains in GDP and innovation from increasing the average broadband speed in Denmark

Source: Jespersen and Hansen, 2010

The effect of speed is difficult to examine in detail. Most 
studies, such as Crandall et al. 2010, discuss upgrades 
in technologies, instead of precisely debating speed 
differences. Deployments of new broadband technologies 
often correspond to upgrades in speeds however these are 
often not well-defined. A study by Copenhagen Economics, 
published in 2010, estimates the impact on GDP by 
increasing the entire economy’s average broadband speed. 
It suggests that an increase in broadband speed from 5 to 
10 Mbps leads to an approximate GDP gain of 1.9 percent. 

Furthermore, increasing from 25 to 30 Mbps corresponds 
to a GDP gain of approximately 0.5 percent according 
to the study. Those gains are not thought to be realized 
immediately, but require around 10 years to come to fruition. 
Moreover, the study examines two scenarios applied to the 
Danish economy. The first one concerns an upgrade of the 
infrastructure so that the average Dane reaches 42 Mbps, 
instead of the 9 Mbps it is today. 

The second scenario is more extreme – an increase of the 
average speed to 92 Mbps. Both scenarios are thought to 
cause substantial gains in GDP. The study also discusses 
gains in innovation from the first scenario, see Figure 13.

Therefore, the study suggests there are economic benefits 
both in upgrading from 9 to 42 Mbps, and from 42 to 
90 Mbps. However, the gain is smaller when the original 
speed is higher. Hence, the Copenhagen Economics study 
implies that the marginal effect decreases as the speed 
increases. This also conforms to other studies, for example, 
Meek et al. (2010). 

The New Zealand study “The Need for Speed” by 
Motu (2009) is a good example of where there have 
been productivity gains from faster internet connection 
speeds, in which empirical data has been used (Grimes, 
Ren & Stevens, 2009). Two scenarios are examined: 
upgrading from no broadband (dial-up or no internet 
connection) to slow broadband (256 Kbps to some Mbps), 
and from slow broadband to fast broadband (represents 
speeds accomplished through fiber-optic cable network, for 
example 10 Mbps). According to survey data from 2006, only 
the first scenario showed an increase in firm productivity. 
However, at the time, applications needing faster speeds 
were not used as much (for example videoconferencing), 
which led to the conclusion that only an upgrade from very 
low to low speed proved beneficial. Today, the results might 
be different. The results from the study are summarized 
in Figure 14.

Innovations in products and processes have been 
mentioned as effects of increased broadband speed. This 
mainly stems from the capability of dealing with larger 
amounts of digital content online. It opens up possibilities 
for new creative commercial opportunities such as revising 
traditional processes, for example monitoring a factory 
from another part of the world. Product/process innovation 
also enables new kinds of products, for example the 
development of online games, which has emerged as a huge 
market in Japan and South Korea, with 3D graphics, virtual 
reality features, multi-player platforms, etc. Such products 
and services are not possible without high communication 
speeds, which are available in South Korea and Japan.
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Scenario 1 

 

Upgrade from no broadband or dial-up 
connection to slow broadband

 
 

 

 

Conclusions Rationale

>  Increased productivity

– Indicates a productivity gain 
of 11.1 percent

– The figure seems to be similar 
to that of adoption of any 
broadband type in general

>  2,688 firms that upgraded from 
having no internet or having dial-up 
to having slow broadband were 
compared to 681 firms that did 

    not upgrade

>  The conclusion is statistically 
significant on a level of five percent

Scenario 2 

Upgrade from slow broadband to fast broadband

 
 

 

>  Indicates no impact on productivity

– In other words, these 
estimates imply no average 
firm productivity improvement 
as a result of a shift from 
an ADSL connection to a 
cable connection

>  369 firms that upgraded from 
slow broadband to fast 
broadband were compared to 
2,685 firms that did not upgrade

>  A “raw” productivity increase of 
4-5 percent was found, but is not 
statistically significant

>  Further calculations (controlling 
for firm characteristics) suggest 
that the non-difference comes 
from more productive firms 
adopting cable rather than a 
productivity-enhancing effect 
arising from cable adoption

128 Kbps 1 Mbps

1 Mbps 10 Mbps

Figure 14: Changes in firm productivity stemming from internet connection upgrades 
in New Zealand. The study is partly based on surveys conducted in 2006.

Source: Grimes et al. 2009

Innovation within sales and organizations can also be 
enhanced. Faster digital communication leads to more 
innovative sales procedures and the ability to sell to 
anyone connected to the internet worldwide. Sales can 
also be made through new channels, for example via 
online social networks, or by providing more exciting sales 
material to attract customers. An example of organizational 
innovation could be to discard the physical office, and 
develop an online office as a substitute, thanks to increased 
broadband speed.

While a majority of the research on broadband penetration 
and speed finds a positive effect on the economy, many 
of these studies are forward looking, based on forecasts, 
scenarios and business cases. Thus, there may be an element 
of inherent optimism regarding the magnitude of this impact. 
As highlighted by the report “Superfast: is it Really Worth 
a Subsidy?” (Kenny & Kenny, 2011), there are challenges to 
measuring the impact of broadband on wider society such  
as the economy.

For example, the authors point to the problem of 
generalizing from findings on basic broadband to superfast 
broadband, given their different cost profiles.4 Moreover, 
some previous studies have not incorporated cable and 
wireless connections for investigating the impact of speed, 
and several studies do not consider the incremental benefits 
from higher speeds. Additionally, conclusions based on 
methodologies that do not isolate the one-way impact of 
speed are certainly open to interpretation with regards to the 
direction of causality and the influence of other variables not 
accounted for.

Indeed, analyzing socioeconomic effects is a challenging 
endeavor due to the complex web of interrelations that exist 
between society and the economy (Figure 9). Therefore, this 
study has been conducted based on actual reported data 
from reliable sources using advanced regression analysis. 
It is clearly stated that the findings presented below are 
based on data within a speed interval of about 2-20 Mbps, 
calculated over 12 quarters from 2008 to 2010 using 
measurements of achieved speed. The speed data used 
from Ookla for this study includes cable and wireless,  
as well as mobile devices. 

As is evident, the effects on broadband investments in 
general, and of broadband penetration rate in particular, 
have been investigated previously by several leading 
research institutes. However, previous studies investigating 
broadband speed using actual data to analyze a large 
set of nations have not been found. In this regard, the 
macroeconomic study in this report plays an important  
role in providing empirically founded results.

4Kenny et al. (2011) define basic broadband as around 2 Mbps. Although not explicitly defined, they mention 100 Mbps as one example of superfast broadband.
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Application
Application
technology

Broadband speed

1 Mbps 10 Mbps 100 Mbps 1 Gbps

High-quality, non-real-time 
video imaging for diagnosis

File transfer High quality High quality High quality High quality

Cardiology, neurology 
and emergency room 
consultations

H.323 video Low/medium 
quality1

High quality High quality High quality

Cineo-angiography 
and echocardiograms

H.323 video Low/medium 
quality1

High quality High quality High quality

3D interactive brain 
imaging

SGI Vizserver Unsupportable Unsupportable Medium 
quality

High quality

Clinical decision 
support systems

Web browsing High quality High quality High quality High quality

Advanced clinical decision 
support system

Image transfer Unsupportable Low quality Medium 
quality

High quality

Professional tele-education MPEG 1 video Low quality2 High quality High quality High quality

Note: 1) At least 10 Mbps is normally recommended for the H.323 video.

Note: 2) MPEG1 video typically 1.5 Mbps without excessive quality loss.

Figure 15: Healthcare applications and corresponding qualities in relation to speed

Source: Erick and Reynolds (2009), Arthur D. Little analysis

Social effects

Social effects are behavioral changes among individuals, 
groups or the society as a result of an infrastructure 
investment. Examples of social effects are:

 > Improved access to mobility for disadvantaged people

 > Better accessibility to basic services  
(education, government services, etc.)

 > Achievements in terms of safety in traffic and security 
in public space

 > Improved health conditions

The social effects induced from increased broadband speed 
can be classified into two groups: social benefits that apply 
to the society as a whole, and social benefits applying 
to the individual. Previously, enhanced productivity was 
discussed. All productivity-enhancing effects should also 
be taking place in the welfare system. Therefore citizens can 
benefit from better welfare services, for example healthcare 
and education.

In healthcare, increased broadband speed makes many new 
services possible. The most intuitive one could be real-time 
doctor-to-patient communication, which is possible thanks 
to decreased latency (delay of the data packets traversing 
a network). This is sometimes referred to as e-health. There 
are additional advantages arising in the healthcare sector, 
with some applications requiring especially high speeds of 
up to 1 Gbps, as seen in Figure 15. File transfer is one of 
the most basic of application technologies in healthcare, 
yet it can be extremely important. In emergency medicine, 
the transmission speed is crucial if images need to be 
analyzed by someone who is not present where the patient 
is. The report “Bringing America up to Speed” (Maynard, 
Cloke, Vock & Wilson, 2010) describes a case where a 
woman was injured in a car crash, and the images could not 
be transferred for treatment diagnosis in time due to slow 
broadband speed, with tragic consequences. 
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Increased 
broadband 
speed

Increased quality 
of real-time 
online video

Study groups can meet
with members remotely

Students who are absent due to 
illness can follow lectures, give 
presentations, etc.

Remote consulting with databases, 
video libraries, computer simulations

Parents can confer with teachers

Increased 
quality of 
real-time 
online video

Improved 
data transfer

Figure 16: Educational benefits of faster broadband speeds

Source: Arthur D. Little analysis, grimes et al (2009), Atkinson et al (2009)

>   Facilitates collaboration 
between people regardless 
of distance, e.g. through 
social media

–  Higher speeds allow these 
groups to provide 
improved services, 
e.g. video sharing

>   Higher speeds enable more 
games to be played online, 
including online communities 
where thousands of players 
can play on the same platform 
at once

>   Higher speeds decrease 
latency, improving interaction 
over communication networks1

>   Higher quality of online media 
content, including movies, 
music, images, etc.

>   Faster download speeds 
allow for streaming videos 
and audio – this is becoming 
more common with 
on-demand episodes

>   Increased speeds enable 
telemedicine and 
telecommuting, which can 
save consumers money in 
transportation costs, 
particularly rural 
communities and the elderly

>   Smart electrical grids can 
provide consumers with a 
vision of their electricity 
consumption in real time, 
allowing them to adjust 
consumption based on 
price signals

>   E-shopping may reduce 
costs to consumers, both 
through lower prices, but 
also from traveling to stores

>  Increased downloading speed 
often leads to time savings. 
This is especially valuable for 
media content, e.g. movies

–  At higher speeds it is 
possible to directly stream 
the content, e.g. listening 
to the music directly from 
a site without having to 
download it before

Distant communication Increased media quality Time savings Reduced costs

Note: 1) Latency is a measure of the delay of data packets travelling a network.

Consumers benefits

Figure 17: Broadband speed benefits directly related to the consumer

Source: Crandall et al. (2010), Erick et al. (2009), Arthur D. Little analysis

As stated previously, high 
broadband speeds enable 
enhanced quality of content 
sent over the internet. For 
example, high-quality online 
communication enables extended 
distant e-learning for under-
served populations. Figure 
16 sums up the educational 
benefits deriving from increased 
broadband speed. 

The two main reasons for these benefits are increased quality 
of real-time online video, and improved data transfer. An 
example of an educational benefit is that students who are 
absent due to illness can follow lectures, give presentations, 
etc. The benefits add to the overall value of the education. 

Moreover, local, regional and national databases can be 
linked for administrative purposes or supervision, through 
which information can be transferred easily and quickly. 
The private sector also contributes to improved welfare, 
by taking advantage of higher broadband speeds. Good 
examples are new bibliographic libraries available to the 
public, such as Google Scholar or CiteSeer, with seemingly 
infinite amounts of digital content.

In addition to improved welfare, there are individual benefits 
arising from using faster broadband speeds. These consumer 
benefits are schematically provided in Figure 17. Enabling distant 
communication, increased media quality, time savings, and cost 
savings are all valuable factors to the individual – and all stem 
from increased broadband speed.
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Enabling video
conferences

>   Video conferences 
will replace 
meetings and 
reduce business 
travel, decreasing 
CO2 emissions 

Note: 1) Based on a market research in 2005: Household Electrical and Electronic Waste Benchmark carried out by Australian Bureau of Statistics

Note: 2) If broadband upgrades imply the use of fiber optics instead of copper wires, it results in a ‘greener’ employment, since fiber dissipates 
a lot less energy than copper based cables and it saves a lot of materials, according to Bouras et al 2009.

Less need
for paper

>   Emails will be used 
more which will 
save paper

Working
from home

>   People will be able 
to work from home 
and reduce their 
use of transport

Energy use

>   Faster broadband 
speeds lead to 
new products, 
which require 
energy during 
manufacturing, 
often causing 
emissions of 
greenhouse gases

>   These products 
also require energy 
during usage

Contribution
to waste

>   New computer and 
network products 
make the older 
products obsolete. 
The Australian 
Bureau of Statistics 
confirmed a 
growing stockpile 
of domestic ICT 
equipment and 
growth in e-waste1

New types of
computer and

network services

Capability of dealing with larger amounts
of digital content online (dematerialization)

Positive environmental impacts2

Environmental impacts

Negative environmental impacts

>   Efficient smart 
electric grids 
monitor real-time 
energy consumption. 
They reduce 
unnecessary 
energy use and 
give providers 
the necessary 
information to 
ration demand 
through flexible 
pricing and ensure 
efficient supply

>   Smart electric grids 
require small to 
medium amounts of 
data to be collected 
with very low 
latency from 
multiple sources 
and in a reliable way. 
The capacity (bytes) 
is of moderate 
importance, but 
high speed is vital

>   Advanced real-time 
traffic flow models 
may inform drivers 
of faster routes, and 
reduce congestion

Figure 18: Environmental impacts of increased broadband speeds

Source: Jesperson et al. (2010), Erick et al (2009), Roberts (2009), Bouras et al. (2009), Ericsson and Arthur D. Little analysis

Environmental effects

Environmental effects are impacts on the local  
or global environment, including:
 
 > Increasing/decreasing CO2 emissions as a result 

of traveling and transportation 

 > Change in waste production

 > Increased/decreased littering

 > Change in energy consumption

 > Reduced/increased need for fossil fuel

 > Change in traffic congestion leading to change 
in air quality and living conditions

Higher broadband speeds can reduce our environmental 
footprint, but there are also negative environmental 
impacts. Figure 18 shows the environmental effects 
of broadband speed.
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very low latency from a multitude of sources and in a very 
predictable manner. Hence the requirement of capacity 
(bytes) is moderate, but the requirement on high speed 
(low latency) is significant.

Also, increased communication speeds make it possible to 
use more advanced traffic flow models in real time. Such 
models may inform drivers of faster routes, and reduce 
congestion – this is also beneficial for the environment 
because of reduced greenhouse gas emissions. 
 
Despite these favorable environmental effects as seen in 
Figure 18, the negative impacts must be pointed out. First, 
increased broadband speeds lead to the development and 
production of new products (through innovation, technology 
requirements, etc.), which demand energy – often causing 
emission of greenhouse gases. In addition, these products 
normally require energy during usage. Increased broadband 
speeds also require new computer and network programs, 
which in many cases make the former products less useful. 
Most governments worldwide are aware of this challenge. 
The Australian Bureau of Statistics recently confirmed a 
growing stockpile of domestic ICT equipment – sometimes 
referred to as e-waste.

In conclusion, increased broadband speeds cause both 
positive and negative impacts on the environment. It is likely 
that the net impact will be positive, if society is careful about 
consumption and usage.
 
 
 
 
 
 
 
 
 
 
 

Empirical modeling for measuring the impact 
of broadband speed

The analysis conducted in this macroeconomic study is on a  
national, GDP level and provides a comprehensive view 
on the economic impact of broadband speed, as well as 
novel insights in the field of research. The model used is a 
static multivariate panel regression analysis focusing on the 
macro level impacts of broadband speed. It investigates the 
economic impact of speed on economic output, measured 
in GDP per capita. Figure 19 provides a concise conceptual 
overview on the model analyzed.

Previous research (Koutroumpis, 2009; Lehr, Osorio, Gillett 
& Sirbu, 2005, and Shiu & Lam, 2008), has been used in 
combination with statistical testing to identify the one-way 
impact from broadband speed.

Waverman et al. 2002, and Koutroumpis, 2009, have used a 
similar analysis to identify the impact of broadband penetration 
rate on GDP, assuming there is simultaneity problem. The 
authors employ a supply-demand model, similar to this study. 

Lehr et al. 2005, estimated the effect of broadband 
penetration on a number of indicators of economic activity, 
including employment, wages, and industry mix, using 
a cross-sectional panel data set of communities (by zip 
code) across the United States. They found support for 
the conclusion that broadband positively affects economic 
activity in ways that are consistent with the qualitative 
stories told by broadband advocates. The results presented 
suggest that the assumed economic impacts of broadband 
are both real and measurable.

Shiu et al. 2008, studied the relationships between 
economic growth, telecommunications development and 
productivity growth of the telecommunications sector in 
different countries and regions of the world. They found that 
that there is a bidirectional relationship between real GDP 
and telecommunications development (as measured by 
teledensity) for European and high-income countries.

>   GDP per capita (USD PPP)

>   Fixed broadband penetration rate

>   Average broadband subscription price (USD PPP)

>   Graduates from upper secondary education or higher

>   Telecommunication revenue in millions of US dollars (PPP)

>   Population density

Control variables (independent)

Quarterly data on average achieved broadband downlink speed (Ookla)Independent variables

GDP/capita (OECD)Dependent variable

33 OECD countriesNumber of observations

Shiu and Lam (2008), Lehr et. al. (2005), Kontrompis (2005)Source of framework

Static panel data regression

Model for estimating GDP effect
of broadband speed upgrades

Model type

Time series 3 years (12 quarters)

Empirical framework Two-stage least squares

Figure 19: Selected regression model

Increased broadband speeds 
enhance digital use of content, so 
there is less of a need for paper 
and therefore less energy is used 
and less waste is produced. It 
also means there is a reduction 
in greenhouse gas emissions. 
This is due to a reduced need 
for traveling and physical 
meetings, because people can 
work from home and use video 
conferences. Also, new types 
of computer programs and 
network services can reduce 
environmental impacts. One 
example is smart electric grids 
that can monitor real-time energy 
consumption, and thereby reduce 
unnecessary energy use. They 
also give electricity providers the 
necessary information to ration 
demand through flexible pricing 
and to ensure efficient energy 
supply. High communication 
speeds are crucial in smart 
electric grids, because they 
require small to medium amounts 
of data to be collected with 
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DATA USED FOR ANALYZING THE 
EFFECT OF BROADBAND SPEED
In order to investigate the effects 
of speed on the overall economy 
using regression analysis, 
appropriate high-quality panel 
data on OECD countries for the 
dependent variable (GDP/net new 
jobs created) is required, as well 
as for relevant control variables.

Data has been collected from 
the following sources:

OECD and the World Bank

Two of the most trusted authorities 
on macroeconomic data, the 
Organization for Economic  
Co-operation and Development 
(OECD) and World Bank, provide 
regularly updated figures for 
numerous measurements 
worldwide. Using these sources 
allows for high transparency, with 
clearly defined indicators that are 
publicly available and possible to 
track over time. 

The OECD is an international 
economic organization of 
34 countries founded in 1961 
to stimulate economic progress 
and world trade. The OECD 
also provides a forum where 
governments can work together 
to share their experience and 
seek solutions to common 
problems. The OECD works with 
governments to understand what 
drives economic, social and 
environmental change, measuring 
productivity and global flows 
of trade and investment. It also 
produces significant amounts 
of economic data analysis to 
provide insights and forecasts.

The World Bank, established in 1944, is an international 
financial institution that provides financing to developing 
countries. It includes 187 member-countries, and provides low-
interest loans, interest-free credits and grants to developing 
countries for a wide array of purposes such as investments in 
education, health, public administration, infrastructure, financial 
and private sector development, agriculture and environmental 
and natural resource management. In addition, the World 
Bank compiles statistical data on a wide array of development 
indicators including urban statistics.

Ookla

There are a few public sources available for measuring 
broadband speed, but they only feature short time series. 
As a consequence, the best available measurement was 
chosen. At the time of production the best publicly available 
data was from Ookla. Ookla is a global leader in broadband 
testing and web-based network diagnostic applications. 
Over three million people a day use Ookla software. Its sites 
include Speedtest.net, Pingtest.net and Net Index. 
 
 

 
Ookla provides data on achieved speeds for all countries 
in the study based on the results from Speedtest.net. The 
site is the most established source online for speed testing 
and is available on numerous devices and platforms. The 
data from Ookla includes both mobile and fixed broadband 
speeds as blended data. Data is publicly available and 
updated continuously.

Data treatment

Observations have been converted to comparable units, for 
example by converting GDP/capita to a single comparable 
currency, adjusted to PPP. The resultant common unit is 
provided in USD PPP. 

Additionally, converted time series have been adapted to 
equal intervals, in this case quarterly. Variables that were 
not provided at a quarterly level were linearly interpolated, 
and thus include the penetration rate where OECD data 
was only available for Q2 and Q4 for each year investigated. 
Quarterly speed data is calculated as the average per three 
months from Ookla data. See overview of variables and data 
treatment in Figure 21.

Figure 20: Main sources

Source Type Data 

OECD Dependent variable GDP per capita (USD PPP)

Ookla Investigated variable Average achieved broadband speed

OECD Control variable

Fixed broadband penetration rate

Average broadband subscription price

Education level

Telecommunication revenue in USD (millions)

Population densityWorld Bank

Variable Description Source Comments

GDP per capita GDP per capita in millions of 
US dollars at constant prices 
and constant PPPs

OECD GDP per capita is obtained 
as follows: GDP per capita = 
GDP in USD/population

GDP (USD) GDP (expenditure approach) in 
millions of US dollars at constant 
prices and constant PPPs

OECD

Total employment Total employment by 
number of people

OECD France is not included in OECD 
statistics. Therefore, the data for 
France is collected from ILO 
Labor statistics

Penetration rate Fixed broadband penetration 
rate by percentage

OECD Only Q2 and Q4 data is available 
in the data set. Missing data for 
Q1 and Q3 is calculated by taking 
the average of values for the 
previous and following quarters

Broadband speed Broadband download speed 
by kilobit per second (kbps)

Ookla Data is available on a daily 
basis. Monthly data is obtained 
by taking the data at the end of 
the month. Quarterly data is 
calculated by taking the average 
of every three months.

Figure 21: Data treatment for the model
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REGRESSION ANALYSIS FINDINGS: ECONOMIC EFFECTS 
OF INCREASED BROADBAND SPEED

This section presents the key findings from the regression 
analysis in an abbreviated form.5 A more detailed analysis can  
be found in Rohman, I.K., & Bohlin, E. (2012).6 

The model, in Figure 22, shows an important result for 
broadband speed. The estimated coefficient, average achieved 
downlink speed squared, is highly significant (p<0.01) and the 
model is robust to changes in control variables. The Hausman 
test confirms the fixed effects regression as the best model 
in comparison to the random effect model. The Durbin-
Watson-Hausman test confirms the successful isolation of 
the independent impact of speed on GDP (not influenced by 
reversed causality). Overall, the model is assessed to be 
reasonable in impact, significant in results, robust and with 
no endogeneity in the result on most levels of significance.
 
 
 
 
 
 

The impact of the coefficient is more readily understood 
in the context of a hypothetical doubling of the average 
speed, i.e. an increase of 100 percent. The sample mean is 
8.3 Mbps, so 16.6 Mbps is used as the 100 percent increase 
in this sensitivity analysis. The model shows that if the speed 
level is doubled to 16.6 Mbps, the impact on GDP growth is 
100*0.003 = 0.3 percent (relative to the growth of the base 
year 2008). As an example, if the overall economic growth in 
2008 is 2 percent, then the hypothetical isolated impact of 
doubling the speed level on growth would be: 2 percent + 
0.3 percent = 2.3 percent.

However, the doubling of speed is a hypothetical and 
simulated impact, based on an elasticity interpretation of 
the significant broadband speed variable. The hypothetical 
impact will depend on the size of the coefficient of speed, 
and the actual economic growth in each country, counting 
from the base year employed. Moreover, as the impact is 
modeled as linear, it needs to be judiciously applied when 
a country’s hypothetical growth is far away from sample 
means, such as very low or very high growth. Any forward-
looking simulation and hypothetical analysis should therefore 
be applied with care, and additional studies are needed 
to evaluate the speed impact on any given country or region.

Figure 22: Regression analysis results (rounded to three significant figures)

5 For a detailed presentation of the regression analysis findings, see Appendix H: Regression analysis output, and Appendix I: Statistical tests used.
6 Rohman, I.K., & Bohlin, E. (2012). Does broadband speed really matter as a driver of economic growth? Investigating OECD countries, Int. J. Management and Network Economics.
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PART 2
SOCIOECONOMIC EFFECTS OF BROADBAND SPEED: 
A MICROECONOMIC INVESTIGATION

CONTINUING TO EXPLORE THE SOCIOECONOMIC 
IMPACT OF ICT

The macroeconomic study in part 1 of this research stated that 
the impact of increasing broadband speed on GDP growth 
will largely depend on two aspects: the direct impact of speed 
itself, and the existing economic growth in each country. 

Ericsson, Arthur D. Little and Chalmers University of 
Technology have since initiated a follow-up microeconomic 
study to investigate the economic impact of broadband on 
household income in OECD and BIC countries. The results 
of that study are the subject of part 2 of this report. 
The purposes of this study are:

 > To measure the impact of home broadband speed  
on the household income

 > To investigate similarities and differences in results 
between OECD and BIC countries

This study builds on the analysis and the results of the 
macroeconomic study by drawing on the hypothesis that the 
impact of broadband speed is not linear between countries 
and regions. The study has been academically tested.7

WHY SPEED MATTERS – 
A MICROECONOMIC INVESTIGATION

This study goes one step further than the macroeconomic 
study in part 1 of this report, to investigate the impact of 
broadband speeds on households. Leveraging the benefits of 
faster broadband speed can further improve competitiveness 
in the labor market, enabling consumers to telecommute 
(also beneficial to the environment) and maintain a second 
job from home. It also improves workforce participation by 
women, the elderly and citizens with disabilities. 

The importance of broadband development can be 
investigated in terms of both access and speed. The access 
refers to the user’s connectivity to broadband, whereas 
speed concerns the comparison on the capacity subscribed 
to by the users. 

The recent improvements in wireless broadband access 
create new opportunities for value based on the availability 
of faster internet connections. As Lennett and Meinrath 
(2009) discuss, the broadband and telecom infrastructures 
that facilitate high-speed connectivity can no longer be seen 
as a luxury, but as a critical element. In addition, Stenberg 
and Morehar (2010) conclude that the internet  will be more 
useful to businesses, households and governments via  
high-speed technology, such as DSL lines, cable, satellite 
and wireless networks, and will boost an explosion in 
electronic commerce. In the case of Australia, Atapattu 
(2010) shows that high-speed broadband internet 
access is widely recognized as a catalyst for social and 
economic development. 

The inherent dispersed population of a large geographical 
area in rural Australia will benefit from the delivery of more 
efficient, well-maintained and cost-effective data transfers. 
Howell and Grimes (2010) also highlight that fast internet 
access is now widely regarded to be a productivity-
enhancing factor.

With regards to the development of broadband in the OECD 
countries, Wallsten (2009) summarizes that household 
broadband adoption will continue to increase quickly. The 
speeds will also continue to increase. Four OECD countries 
– Korea, Japan, Sweden and the Netherlands – will have 18, 
15, 12 and 9.4 Mbps respectively, with average download 
speeds well above those of the other OECD countries in 
the first quarter of 2009. Another 12 countries had average 
download speeds between 6 and 8 Mbps, including the 
United States with an average speed of 6.4 Mbps.

INVESTIGATING THE IMPACT OF BROADBAND SPEED 
ON THE HOUSEHOLD

For more than 50 years, economists have devoted their 
efforts to investigating the impact of education on income 
using analysis at the level of the individual. A variety of 
models and estimations have been employed to capture 
the impact of schooling quality, gender inequalities, etc. 
In such estimations there is always a challenge to approach 
the impact of education precisely because people are 
different in terms of skills, cognitive ability, initial human 
capital, motivation, etc. These skills may influence individual 
achievement but are difficult to identify.

The approach employed in this microeconomic study 
builds on the tradition to investigate the impact of a 
“treatment” (in this case broadband speed) on household 
income. Using statistical regression analysis, the impact 
of broadband speed may be analyzed, whilst taking into 
account other relevant factors affecting household income 
level. These factors include: education; skills, such as 
managerial competencies; and socioeconomic variables, 
e.g. age, gender, type of occupation, marital status, 
geographical area, and type of housing. This study also 
introduces other variables concerning additional ICT skills 
possessed by individuals, including usage patterns for fixed 
internet. These variables are available thanks to the survey 
data from Ericsson ConsumerLab.

The information society is a phenomenon that results from 
the role of ICT in every aspect of life, especially its economic 
and social implications. In economic respects, businesses 
are transforming their supply and demand chains, as well 
as their internal organization, to fully exploit ICT. They are 
contributing to the process of creative destruction through 
the birth of new firms, productivity improvement and 
economic growth. Therefore, ICT technologies are general-
purpose technologies that can be used for a broad range 
of everyday activities. Consequently, this study conceives 

7Rohman, I.K., & Bohlin, E. (2012). Does broadband speed really matter as a driver of economic growth? Investigating OECD countries, Int. J. Management and Network Economics.
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that ICT variables are important to help the prediction of 
skills and experience. Such variables include the usability of 
internet and telephony for working purposes, and the access 
and type of broadband speed level subscribed to by the 
respondent. The two latter variables are the point of interest 
in this study.

The data is investigated using Propensity Score Matching 
(PSM). This method statistically estimates the outcome of 
comparing the income of people who have connected to 
broadband, compared to their income without it. This is 
done by finding a certain observation with highly similar 
characteristics on all variables, apart from broadband, and 
comparing the difference in income. 

In this case, there are two samples. One sample with 
broadband access is being compared against one 
without, to investigate the impact of gaining access to 
basic broadband. The latter investigation duplicates the 
methodology by comparing samples, using different 
broadband subscriptions to measure the impact of having 
a higher broadband speed. The comparison is calculated 
based on the propensity scores reflecting the likelihood of 
having the same socioeconomic/demographic factors. The 
operationalization of the methodology is shown in Figure 23.8

8 The method observes individuals with the same characteristics (x), investigates the outcomes (y1; y0) from two different scenarios of participation (w). It is assumed that 
y, x and w are independent (“ignorability of treatment”) (Angrist and Pischke (2009). In this case, y1 and y0 are the income level for those “treated and untreated”, w is the 
participation (access to broadband/usage of a particular speed level) and x is individual characteristics. PSM is one way to conduct a treatment effect assessment.

Age, gender, 
education, 

household size, skills, 
type of occupation

Age, gender, 
education, 

household size, skills, 
type of occupation

Access to broadband

Different speed levels

Figure 23: Operationalization of the methodology

As illustrated, the treatment effect accounts for the 
possible factors that contribute to income. Therefore, the 
only difference between the two samples is the access to 
broadband (access impact), and the level of broadband 
speed (speed impact assessment). The flow of the analysis 
in this study is presented in Figure 24.

As indicated in Figure 24, the flow of analysis is divided into 
two main aspects. The first analysis on access is conducted 
by comparing the respondents who have connected 
to broadband with those who haven’t. The second 
stage analysis deals with speed investigation where the 
respondents are divided into categories. 

The impact of speed at the lowest level is concluded by 
comparing them with the unconnected respondents (thus, 
similar to access), whereas, the higher speed is compared 
with lower speed accordingly. The study also compares 
speed between the levels, e.g. between 8 Mbps and 4 Mbps, 
and between 24 Mbps and 12 Mbps.

Some recent studies have adopted the treatment effect 
model, in particular the use of propensity score matching, 
in many areas of ICT. Beard, Ford, Saba, and Seals (2012) 
estimate the effect of internet use on a job search. The study 
indicated that if the unemployed use broadband at home or in 
public places they are 50 percent less likely to cease their job 
search, compared to unemployed persons who do not use the 
internet at all. Public broadband connections, in unserved and 
underserved areas, e.g. at libraries, may produce substantial 
social benefits. Hanley and Perez (2012) use propensity score 
kernel matching with difference-in-differences to reveal export 
selection and evidence of technology upgrading, where export 
oriented firms are seen to be more innovative.

Grimes, Ren, and Stevens (2012) investigated whether 
broadband access can be considered a productivity-enhancing 
factor. They investigated a survey of firms and employed 
propensity score matching to control certain factors, including 
the firm’s own lagged productivity, which determine a firm’s 
internet access choice. The study indicated that broadband 
adoption boosts a firm’s productivity by 7-10 percent, with 
consistent effects across urban and rural locations, and across 
high versus low knowledge-intensive sectors.

The impact of access 
on income level

The impact of
different speed 
subscriptions

Samples
Connected 

to broadband

512 Kbps

4 Mbps

24 Mbps

>50 Mbps

Unconnected 
to broadband

Figure 24: The flow of analysis
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USING ERICSSON CONSUMERLAB GLOBAL SURVEY DATA

There are several key sources to this microeconomic 
study, of which survey data from Ericsson ConsumerLab 
forms the major part. The investigation on the impact of 
broadband access and speed is extracted from Ericsson 
ConsumerLab’s web-based survey in 2010 with 22,000 
respondents aged 15-69 worldwide (1,000- 2,000 per 
country). Other sources used include World Bank, IMF and 
Ookla Net Index for deriving correction factors. 

Figure 25 shows the list of countries investigated in this 
study, which consisted of mainly OECD countries and some 
emerging BIC countries (Brazil, India and China). As some 
countries have their own currencies, all investigations in this 
study have been made by transforming the local currencies 
to the USD PPP income, with the index released by the 
International Monetary Fund (IMF). Hence it has taken into 
account the different purchasing powers of the currencies. 

It can be concluded from the data in Figure 25 that the 
respondents fall into the category of “the productive 
population.” The average age of the sample is 37, with the 
exceptions of India where it is 28, and Sweden where it is 46. 
By classifying the education level into three groups based on 
the global standard (primary, secondary and some colleges/
universities), the average level of education attained by the 
respondents is secondary education. In terms of gender, 
the sample is roughly equally distributed between male 
and female, with the exception of India which is dominated 
by male respondents. The average household size in the 
sample is around three, with extremes of two in Sweden 
and four in Mexico. 43.34 percent of total respondents 
are married.

UK

France

Germany

Italy

Spain

Sweden

China (urban)

Japan 

Brazil

US

India

Mexico

South Africa

 

Total

2,001
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2,026
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32.2
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Figure 25: Countries included in the 2010 microeconomic survey
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Figure 26 illustrates the countries in relation to their 
household income and broadband speed. It can be inferred 
that four countries are leading in both variables: the US, 
Japan, the UK and Sweden. The majority of other European 
countries are located somewhere in the middle, including 
France, Germany, Spain and Italy. All BIC countries, together 
with Mexico and South Africa, are in the bottom left of the 
figure showing that both speed and income levels are still 
emerging in these countries. This leads one to hypothesize 
that a higher broadband speed contributes to a higher 
income level. However, bearing in mind that correlation does 
not tell us anything about the direction of the relationship, 
the analysis should be more formally investigated employing 
the treatment effect model.

It was found that the sample countries investigated in 
this study could be classified as either developed and 
emerging economies. Therefore, to be able to determine 
the specific impact on each group without being too 
general in measuring the parameters, the study divided the 
investigation into two groups: OECD and BIC. The OECD 
countries were: UK, France, Germany, Italy, Spain, Sweden, 
Japan and the US. BIC countries consisted of Brazil,  
India and China.9 

BIC countries have attracted great attention in recent years 
due to their potential for economic growth in the future. Even 
though they are different from one another in their culture, 
background, language, and the structure of their economies, 
these countries have identical characteristics in that the 
growth of their economies has exceeded that of the world’s 
leading industrialized nations. After the economic crisis of 
2007, they achieved a higher growth compared to the rest 
of the world. While in 2009 the economies of some large 
countries declined by as much as 6 percent, e.g. Japan and 
Germany, Brazil’s growth was steady, India’s economy grew 
5.9 percent, and China’s grew 8.1 percent.

9 Russia was originally included but was dropped from the analysis due to incomplete data in income. After further analysis comparing 
OECD and BIC countries, Mexico and South Africa were removed from the sample due to the unique structure of their economies. 
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THE IMPACTS OF BROADBAND 
ACCESS AND SPEED 
ON HOUSEHOLD INCOME

The first analysis in this 
microeconomic study deals 
with the impact of broadband 
access on household income. 
The impact assessment is shown 
in Figure 27.10 The graph shows 
that when comparing OECD and 
BIC countries, there appear to 
be different thresholds at which 
broadband access has a positive 
impact on household income.

For example, gaining access to 
0.5 Mbps in an OECD country 
would not be expected to yield 
an increased income.11 It seems 
for OECD countries the threshold 
is somewhere between 0.5 Mbps 
and 2 Mbps on average. 

The greatest expected increase 
in income is from not having 
broadband to gaining 4 Mbps, a 
difference of around USD 2,100 
per household per year. This is 
equivalent to 182 USD per month. 
This result is also statistically 
significant (p=<0.01).

For BIC countries, the threshold 
level already seems to be at, or 
below, 0.5 Mbps. Around USD 
800 additional annual household 
income is expected to be gained 
by introducing a 0.5 Mbps 
broadband connection in BIC 
countries. This is equivalent 
of USD 70 per month per 
household. However, the sample 
size is relatively small so results 
should be interpreted with care. 
Gaining access to 2 Mbps will 
yield even more income, yet this 
is similar to income gained from 
4 Mbps and the results are not 
statistically significant.

Figure 27: Estimated difference in income from access to broadband per speed
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10 The results from PSM are adjusted employing two adjustment factors. Firstly, the results are adjusted with actual/advertised speed ratio as seemingly respondents answered 
the speed level with advertised speed (http://www.netindex.com/promise/allcountries/) In addition, because the survey is conducted as an online survey only, there is a strong 
tendency for having skewed responses in terms of income. Therefore, the results from the first step-adjustment are then further adjusted with the ratio of sample to actual average 
pre-tax household income. The adjustment factor is 0.78 for OECD and 0.58 for BIC.
11 No significant effect was observed.
12 The benefit gained from 0.5 to 4 is higher than 4 to 8, but as moving to 8 is higher than 4, countries will still benefit from continuously increasing the speed from 0.5 to 4 and to 8.
13 The income levels have been adjusted comparing the income level in the survey and the actual income level.

BIC countriesOECD countries

10

120

320

46

0.5-4 4-8 8-12 0.5-4 4-8 8 to 12-248-24

Broadband speed (Mbps)

H
o

u
se

h
o

ld
 in

co
m

e 
(U

S
D

 P
P

P
)

(sample average speed 2010
= approx 4 Mbps)

(sample average speed 2010
= approx 2 Mbps)

Figure 28: Estimated difference in income from upgrading broadband speed

Source: Ericsson, Arthur D. Little, Chalmers University of Technology (2012)

Note: The income levels have been adjusted for sample bias by comparing sample income with 
actual pre-tax income. Boxes displayed without figures indicate low statistical significance 

Figure 28 shows that the speed estimated to be of the 
greatest benefit to income in BIC and OECD countries is the 
same – 4 to 8 Mbps. But even higher speeds – 8 to 24 Mbps 
– contribute more in OECD countries than in BIC countries. 
Note that the survey was carried out in 2010 where the 
sample average speed level in OECD countries is around  
4-5 Mbps and 2 Mbps in BIC countries.12 

With this, the incremental income generated in an OECD 
country is around 4 percent, with an average income in 
this class of USD 37,000. In BIC countries it is around  
1.5 percent, with an average income of USD 10,000 in China 
and USD 12,000 in Brazil. However, BIC countries can obtain 
a higher impact by upgrading broadband speed from 0.5 to 
4 Mbps. At this scale, the countries will gain an additional 
household income of 2.2 percent in China and 4.7 percent 
in Brazil.13
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THE ESCALATOR EFFECT OF BROADBAND INVESTMENTS

The findings in this microeconomic study represent a unique 
investigation into the effect of broadband speed upgrades 
on household income in both OECD and BIC countries. 
Overall, the results further support the view that the impact 
of both access to broadband and speed upgrades is positive 
and statistically significant. In addition, it can be concluded 
that there are three key characteristics of ICT benefits: 

 > There is a required minimum broadband speed needed 
to gain benefits, and it varies between economic regions

 > The benefits from broadband are not linear 
and continuous

 > Households in advanced economies gain more leverage 
from broadband upgrades

This supports the S-curve theory of broadband investments. 
In the 2010 study on penetration rate, it was assessed 
that the most advanced countries will gain the most total 
benefit from broadband, as they quickly move toward highly 
innovative markets while improving labor productivity. 
By comparison, less-developed economies will gain less 
from broadband.

This microeconomic study also highlights a dimension to 
understanding the S-curve as an ongoing process. The results 
do not show a significant positive effect after increasing from 
8 to 12 Mbps in OECD countries, as seen in Figure 29. So this 
supports the idea that the process is not a continuous S-curve, 
but is a staircase, with discrete levels of utility along the way. 
This is because simply having 8 or 12 Mbps does not make a 
substantial difference in terms of the services used. 

Furthermore, one can conclude that as BIC countries 
mature, their curve will likely shift towards the OECD curve. 
Hence, the S-curve is rather an escalator in motion. This 
escalator-effect may be attributable to three mechanisms: 
service advancement, network externalities and labor 
market competition.

Firstly, the service advancement effect explains why benefits 
increase with speed. Gaining access to more advanced 
services (e.g. HD videoconferencing) enables more effective, 
productive ways of working, and more advanced types of 
businesses. Increased broadband speed boosts personal 
productivity and allows for more flexible work arrangements, 
such as teleworking and telecommuting. This allows an 
individual to get more out of their day. It also enables an 
increased number of productive hours through decreased 
time taken for non-work obligations, e.g. online bill payment. 
Increased broadband speed opens up possibilities for more 
advanced home-based businesses as a replacement or 
complement to an ordinary job. This impact has been shown 
in several studies such as Dutz (2009), Lehr (2005) and Quiang 
(2009). The service advancement effect explains the upward 
slope of the curve. Additionally, reaching the next level of 
services requires even faster broadband. But there will also be 
flat sections on the escalator, such as when increasing from 
8 Mbps to 12 Mbps, where there are qualitatively few new 
services to be accessed.

Secondly, as more users gain access to services, benefits 
can be expected to accelerate in most cases. Facebook 
and job sites such as Monster.com are famous examples 
of online services that have grown exponentially as 
more people used them. These are known as network 
externalities. A lack of network externalities may also explain 
why very high-speed users experience lower marginal 
returns given that only a few can access a service.
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Figure 30: A city’s ability to leverage benefits based on their ICT maturity (using an index of 1 to 100)

Thirdly, several previous studies have shown that broadband 
internet enables people to become more informed, better 
educated, and enriched, ultimately leading to a faster 
career path (Singer, 2003 and Stenberg, 2009). However, 
as ICT maturity increases, it is also likely that the ability to 
take part will become increasingly harder. This means that 
participants without broadband or with slow broadband 
at home will find it harder to stay competitive in the labor 
market, reducing their chances of finding a job and building 
capital. The level of broadband speed required to gain a 
competitive advantage in the labor market is likely to be 
raised over time. This labor market competition effect could 
explain why broadband thresholds seem to be progressing, 
as households would also have an incentive to compete with 
each other to gain better means to participate in the labor 
market, see Figure 30.

These mechanisms also point to the importance of how 
much capacity is used, but also to what it is used for 
(services) and how skilled one is at using these services (ICT 
literacy). Ericsson and Arthur D. Little’s previous study on the 
city benefits of ICT indicated that for developing countries 
this may be a significant issue that cannot be solved by 
installing capacity upgrades alone. Several BIC cities, such 
as São Paulo and Delhi, have implemented multi-stakeholder 
ICT engagements to rapidly close the socioeconomic gap.

Further investigation is needed concerning the comparison 
of broadband usage and types of content experienced by 
the users. Currently, the study sheds lights on the conclusion 
that people in less emerged broadband economies only 
acquire devices they can gain access to. However in the 
more developed broadband countries, users perceive that 
value-added services are useful and readily available. They 
are therefore prepared to spend money on such services 
and will gain money from the increase in productivity 
enabled by these services. Moreover, further studies should 
investigate the role of ICT literacy, which is the ability to 
extract value from ICT.
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CONCLUSION
IMPLICATIONS FOR KEY STAKEHOLDERS

Combined, the macroeconomic and microeconomic studies 
in this report constitute a world first in estimating the impact of 
broadband speed using advanced econometric methods. The 
results show high statistical significance, are robust to model 
changes, and pass rigorous statistical testing for endogeneity 
(reversed causality).

A previous 2010 study on the impact of broadband penetration 
found that the socioeconomic effects of broadband penetration 
investments are significant to the economy. Results showed an 
approximate 1 percent increase in GDP for every 10 percent 
increase in penetration rate, and 80 new jobs for every 1,000 
new broadband users. The follow-up 2011 macroeconomic 
study in part 1 of this report concluded that doubling the 
broadband speed for an economy increases GDP by 
0.3 percent. The study on the microeconomic level in part 2 
of this report showed that speed upgrades also have a positive 
impact for the household. Together, these studies provide a 
view on the impact of broadband investments and it is believed 
that both factors are important for governments, regulators and 
operators to consider.

The economic effects of broadband speed upgrades are 
spread through the economy via direct, indirect and induced 
effects as illustrated below in Figure 31.14 Direct effects are 
changes in employment, economic production and behavior 
generated in the short term during the course of deployment 
of new infrastructure. Indirect effects are medium-term 
effects which occur due to increases in productivity. 
Induced effects are long-term transformative impacts on the 
economy with new industries/clusters, new ways of working, 
etc. As was shown in previous 2010 research, the induced 
effects may constitute a substantial part of the total benefits 
from ICT infrastructure investments.15

To unlock investments in both broadband speed upgrades 
and broadband penetration, incentives are imperative. 
Incentives for operators to build and upgrade broadband 
vary greatly across the globe depending on policy decisions. 
In many Asia-Pacific (APAC) countries, governments are 
actively financing or subsidizing broadband, by direct 
stimulus, tax incentives or other means. In the US, a 
relaxation of broadband regulation has led to an upswing in 
broadband deployment. In Europe, regulation of broadband, 
especially the fixed side, has slowed down investment.

The full interplay between broadband penetration rate, 
speed, benefits and the value of externalities, has yet 
to be modeled based on empirical data. Still, a positive 
impact from both penetration rate and speed questions the 
nature of the interplay between the two to find an optimum 
combined level. Cost-benefit analyses conducted at the 
national level (Meek et al. 2010) and empirical studies on 
broadband penetration (Waverman, Meschi & Fuss, 2005), 
indicate that penetration rate may be the first priority for  
low-medium penetration areas, as speed upgrades would 
benefit only a limited amount of users there. For higher 
penetration areas, focus can shift to speed upgrades to 
create further economic growth.

In conclusion, the two studies in this report scientifically 
confirm that broadband speed is an important factor for 
regulators, policymakers and operators to consider. The 
results of the studies should be seen as a starting point 
for key stakeholders’ discussions, an input for investors’ 
cost-benefit analyses, and a call to regulators to carefully 
consider the economic implications of national broadband 
policy and regulation.

14 For example Liebenau et al. 2009, use slightly different definitions andalso refer to “network effects”. These are here included in the indirect and induced effects.
15 For an economy with a flexible labor market this may constitute up to 1/3 of the total impact.
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Figure 31: The direct, indirect and induced effects of ICT investments
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MACROECONOMIC INVESTIGATION APPENDICES

APPENDICES

Economic variables

>  Gross Domestic Product
>  Job creation
>  Business creation
>  Public sector efficiency

Variable Unit

>  USD (millions)
>  Net number of jobs created
>  Number of new businesses created
>  USD (millions)

Figure 32: Examples of common economic variables

APPENDIX A: MEASURING THE ECONOMIC EFFECTS 
OF BROADBAND INVESTMENTS

The exact dynamics of how and to what extent infrastructure 
investments affect society are difficult to understand. Effects 
on one part of society produce effects on other parts of society 
through a complex web of linkages and interdependencies.

Variables in measuring the economic effects of  
broadband speed investments

In addition to broadly discussing the effects of broadband 
speed, this report aims to break new ground in quantifying  
the economic benefits of increased broadband speed, in 
particular the economic dimension. Using well-established 
measurements with high data reliability and availability is  
key to the comparability and validity of the study.

When assessing the effects of infrastructure investments, 
it is appropriate to highlight a set of quantifiable variables 
which can be measured and counted in a homogenous way. 
Figure 32 shows how each variable represents a delimited 
and well-defined concept that occurs in society and can be 
expressed in a specific unit.

GDP is a measure of production within the national income 
and product accounts. Reliable data on GDP is available for 
a large set of countries worldwide, which makes it a suitable 
variable when measuring the economic impact of broadband 
speeds. Therefore, the analysis focuses on GDP. 
There are three alternative ways of deriving GDP: sum of 
expenditures, sum of incomes, and sum of value added 
(either by industry, by firm, or by establishment, depending 
on what data is available). In theory, GDP as measured by all 
three methods should be the same. The major expenditure 
components which form the identity of GDP are: personal 
consumption (C), gross private domestic investment (I), 
government purchases (G), and net exports (X-M). Therefore, 
C + I + G + X – M = GDP.

Selection method

Depending on which socioeconomic relationships are 
examined, different methods are more or less suitable and 
the final choice of method will depend on the challenges and 
purpose of the exercise at hand. In examining the effects of 
broadband speed the main challenges are to:

 > Identify and quantify the incremental effects on 
the economy from increasing speed 

 > Investigate cause and effect relationship between variables

 > Examine applicability

 > Find data, including:

 – Reliable data of broadband speed

 – A sufficient amount of data, for 
example a long time series

 – Comparable cross sections

 – Matching input data points with the output data points
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In the previous 2010 research it was concluded that there 
are four main families of method for estimating the economic 
impact of various infrastructure investments, which are 
outlined in Figure 33.

Input-output method

The input-output method is a widely used methodology 
for calculating economic effects from the change of 
final demand component in an economy (consumption, 
investment, government spending and export). Hence the 
method can be used not only for public policy matters 
but also for private investment impact measurement. 
The method uses a matrix representation of a nation’s 
(or a region’s) economy to predict the effect of changes in 
one industry on others. Figure 34 shows the input-output 
method and the matrix which depicts the inter-industry 
relations of an economy. The matrix shows how the output 
of one industry is an input to each of the other industries. 
The outcome of this method is a multiplier that approximates 
the total change in output derived from an investment in a 
certain sector of the economy. 

The mathematics of input-output economics are relatively 
straightforward, but the data requirements are significant 
because the expenditures and revenues of each branch of 
economic activity have to be represented. As a result, not all 
countries collect the required data and data quality varies, 
even though a set of standards for the data collection has 
been set out by the United Nations through its System of 
National Accounts.

Input-output
Multivariate
regression modeling

Cost-benefit analysis Eclectic method
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ti
o

n >  Assesses trade 
transaction flows across 
sectors in an economy. 
Shows how the output of 
one sector is an input to 
every other industry

>  Commonly used for 
assessing the impact of 
infrastructure 
investments on GDP, 
particularly on a country 
and regional level

>  Models and analyzes 
several variables when 
the focus is on the 
relationship between a 
dependent variable and 
one or more 
independent variables

>  Commonly used for 
assessing the impact of 
infrastructure investments 
on GDP, particularly on a 
macro level

>  Performs a bottom up 
assessment of individual 
factors resulting from 
infrastructure investments

>  Applicable only in a 
delimited context at a 
meso level

>  Commonly used to 
assess the socioeconomic 
impact of individual 
infrastructure investments

>  Leverages conclusions 
from other analyzes to 
apply to a multitude 
of conditions

>  Multipliers are the result 
of all the other 
methodologies

–  Multivariate regression 
modeling

–  Input-output method

–  Cost-benefit analysis

Approach for calculating 
the “average’’ of previously 

conducted studies

Standalone methods

1 2 3 4

Figure 33: Methods for measuring the effect of speed 
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The first quadrant describes a certain 
year interaction between sectors in a 
production process in the so called 
intermediate transaction

The second quadrant describes 
the final demand for each sector 
(household consumption, 
government expenditure, 
investment and export)

The third quadrant is primary 
inputs (wages of labor, indirect 
tax and depreciation)

Final demand Total outputIntermediate transaction, demand and inputs

Total input

Primary input value added

Input-output illustration Comments

1

2

3

1 2

3

Figure 34: The input-output method

Source: Chalmers Institute of Technology, Arthur D. Little analysis

Regression analysis

Regression analysis provides an understanding of how the 
typical value of the dependent variable changes when a 
particular independent variable is different, while the other 
independent variables are fixed. Figure 35 shows how 
regression analysis can investigate this link for one or more 
explanatory factors. 

Typically in economic investigations there are several 
interrelated variables of interest into why a multivariate 
regression analysis is preferred. The actual computation is 
carried out using regression analysis software. A thorough 
regression analysis also requires large amounts of data which 
may be difficult to find, or require extensive time to collect.

>  Regression analysis estimates the 
conditional expectation of the dependent 
variable given the independent variables

>  It is widely used for prediction 
and forecasting

>  There is a large body of regression 
analysis techniques, including univariate 
and multivariate regression 

Illustration of regression analysis Comments
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Figure 35: Regression analysis

Source: Katz, Vaterlaus, Zenhäusern and Suter, 2010
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Figure 36: Cost-benefit analysis

Source: SIKA, Arthur D. Little analysis

Eclectic method

The eclectic method is a structured approach for 
summarizing the average result of previously conducted 
studies (Figure 37). The main idea behind the eclectic 
method is to take economic multipliers from already 
conducted economic analyses for specific investment cases, 
and use them in a structured way to calculate the economic 
impact of infrastructure investments in other (but similar) 
settings. The eclectic method can be used to calculate the 
economic impact (mainly GDP growth effect and net job 
creation) of infrastructure investments. When there is not a 
sufficient amount of previous studies, this approach should 
be discarded as a suitable choice of methodology. 

A success factor for applying the eclectic method is that 
there is a large sample of previously conducted studies 
on the topic of interest. So far, there are relatively few 
studies available that examine in detail the relationship 
between broadband speed and its effect on society. Hence 
it is difficult to produce reliable results using the eclectic 
method. Copenhagen Economics used the eclectic method 
in a study on the effects of broadband speed (Jespersen 
et al. 2010). However, that study was based on only two 
previous sources.

Cost-benefit analysis

A cost-benefit analysis (CBA) is a 
bottom-up method for assessing 
the impact of large private or 
public sector projects on society. 
The main idea is to estimate and 
quantify in monetary terms the 
benefits and costs to society 
induced by a specific project 
for a certain time period, for 
example 10 years (Figure 36). 
A Net Present Value (NPV) of 
the investment can then be 
calculated based on a defined 
discount rate.

The NPV calculation can be used 
to evaluate the attractiveness of 
conducting the investment and 
compare it to other initiatives. 
Hence, CBA is commonly used 
as a decision basis for public 
institutions such as a municipality 
or authority to prioritize between 
various infrastructure projects. 

It is not possible to perform a 
full bottom-up analysis on all 
economic, social and environmental 
effects in an entire society 
due to a specific infrastructure 
investment. The intricate linkages 
and interdependencies between 
regions, sectors and functions in 
a society create a system which is 
too complex to evaluate bottom-
up. A fundamental principle in 
CBA is therefore to carefully 
delimit an investment case and 
ignore effects that cannot be 
directly linked to the specific 
investment. This means that a 
CBA is normally done on a meso 
or micro level, for example for a 
city, firm or region.

Figure 36 provides a conceptual 
overview of a CBA of an 
infrastructure investment, 
including quantifiable, non-
quantifiable and ignored effects.

Conceptual illustration of the Multiplier method approach

Variable selection1

Data collection2

Filtering and quality control3

Standardization4
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Calculation6

15

10

5

-20            -10           0              10            20            30            40            50            60

Final demand Total outputIntermediate transaction, demand and inputs

Total input

Primary input value added

1 2

3
B

1
Benefits

Costs

B
2

B
3

B
4

C
1

C
2

C
3

U

Input-output
method

Regression 
analysis

Bottom-up 
application 
assessment

Figure 37: Conceptual illustration of the eclectic method

Source: Bureau of Economic analysis, Arthur D. Little analysis
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Choice of method: Regression analysis

The various methods available for analyzing the economic 
effects of infrastructure investments fulfill different purposes, 
and the choice of method depends particularly on:

 > The ultimate aim of the analysis and required level 
of detail

 > The time and budget available for the analysis

 > The level of skill required for conducting the analysis

Figure 38 provides an overview of the 4 methods,  
and their applicability to this particular project.

Input-output method Regression analysis Cost-benefit analysis Eclectic method

C
o

n
s >   Difficult to conclude 

the cause and effect 
relationship

>   Difficult to single 
out the effect of 
broadband speed

>   Inefficient method 
for analyzing many countries

>   Applicable only in a delimited 
context (e.g. city, company)

>   Requires large sample of 
data and very heavy and 
complex analysis

>   Risk of double counting

>   Requires large samples 
of data

>   Requires advanced 
knowledge of statistic 
and economic theory

>   Requires a sufficient 
amount of previously 
conducted studies on 
the topic of interest

>   Dependent on reliability 
of the study results used

P
ro

je
ct

ap
p

lic
ab

ili
ty

P
ro

s >   Can conclude cause 
and effect relationships

>   Possible to conduct 
in multiple countries
over time

>   Relatively accurate results

>   Simple and 
transparent approach

>   Results are built on many 
different studies, hence 
conclusions stemming from 
different methodologies

>   Arrives at a relatively detailed 
net benefit or cost for a 
society of a specific 
investment

>   Relatively straightforward 
mathematics

>   Can estimate 
industry-specific effects

D
es

cr
ip

ti
o

n >   Uses a matrix representation 
of an economy to predict 
the effect of changes in one 
industry on others and by 
consumers, government, 
and foreign suppliers on 
the economy

>   Best-practice method for 
analyzing macroeconomic 
linkages

>   Used by leading economists 
and academics worldwide

>   Models and analyzes 
several variables to find 
the relationship between 
one dependent variable 
and one or more 
independent variables

>   Bottom-up assessment 
of effects on society resulting 
from a specific infrastructure 
investments

>   Commonly used to assess 
the socioeconomic impact of 
infrastructure investments

>   Leverages conclusions from 
other analyses to apply to a 
multitude of conditions

>   Multipliers are the result of all 
the other methodologies

–  Regression analysis

–  Input/output method

–  Cost/ benefit analysis

Medium High Low Medium

Figure 38: Overview of methodologies and their applicability to the project
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The input-output method cannot be applied in this project, 
due to the difficulty of singling out the effect of broadband 
speed. Also, the causal relationship would be difficult to 
establish. Regression analysis serves a suitable method 
and is readily applicable to a large set of countries across 
time. Cost-benefit analysis is only applicable to limited 
subparts of the economy (meso or micro level) such as a city 
or a household. The eclectic method cannot be used since 
the requirement of previously conducted studies cannot 
be fulfilled.

APPENDIX B: REGRESSION ANALYSIS FRAMEWORK 
FOR MEASURING THE ECONOMIC EFFECTS OF 
BROADBAND SPEED

Regression analysis is a statistical method for identifying 
the relationship between two or more variables. In applied 
economic research it is a tool that allows us to investigate, 
for example, economic output as a function of multiple 
parameters shaping the society using real-world data. 
Consequently, it is a relevant method in virtually every branch 
of applied economics, used by researchers worldwide.

The concept of regression analysis

In order to carry out a regression analysis, a large set of 
observed data points is required – not only the study-specific 
variables, but also control variables. The control variables 
correlate with the dependent variables, apart from a variable 
of investigation, e.g. broadband speed. By adding control 
variables to the regression analysis, one can, for example, 
better isolate the effect of broadband speed on household 
income, and avoid omitted variable problems. With larger 
coverage of the variables influencing the dependent variable, 
a more accurate analysis is possible. In addition, a noise 
term is added to the function, which reflects other unknown 
factors that affect the output, including randomness. 
Figure 39 shows how regression analysis assumes that the 
noise term is zero on average.

GDP = α + β
1
x

1
 + β

2
x

2
 + … + β

i
x

1
 + ε

GDP = f (control variables, broadband speed)

Initial hypothesis

Hypothesis specifically formulated 
with all independent variables that 
are assumed to impact GDP

The aim of regression analysis is to produce estimates of the constant
and the coefficients (α, β

1
, β

2
, β

3
, …), which are unobservable in real life

Observed data

α = a constant amount;
describes GDP when there is no 
change in broadband penetration 
and broadband speed, i.e. where 

all independent variables 
(control and study-specific 

variables) are assumed to be zero

β1 = a coe�cient; the e�ect on 
GDP of an additional unit of x 

(e.g. broadband speed), 
holding everything else constant

ε = noise term;  re�ecting other 
factors that in�uence GDP, 

including randomness

Figure 39: General concept of regression analysis with applicatory example
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Ordinary least squares regression allows us to compute 
the best fitted line between data points. The slope of the 
fitted line is interpreted as the average marginal impact 
on the dependent variable from one unit increase in the 
independent variable, e.g. the impact on GDP/capita from 
increasing speed by 1 Mbit. The estimated effect should be 
interpreted ceteris paribus, all other things held constant. As 
seen in Figure 40, this is readily illustrated in two dimensions 
(univariate analysis). For multivariate analysis, the line is 
fitted across n dimensions, as shown in Figure 35. 

There are more advanced methods available, yet the 
ordinary least squares method, as seen in Figure 40, 
illustrates the core concept behind statistical regression 
analysis, deriving patterns of impact from empirical data 
using statistical methods. It is important to verify that 
the model has successfully isolated the causal impact. 
Therefore, this method has been complemented with 
additional statistical testing.
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Figure 40: Ordinary least squares regression analysis

Source: Woolridge, 2009

>   A hypothesis is stated 
concerning the 
relationship 
between variables

>   Independent variables 
are the study-specific 
variables of interest, 
and control variables 
(both thought to 
impact the 
dependent variable)

>   Statistical data is 
collected and sorted 
in an extensive matrix

>   If univariate regression, 
the data can be plotted 
in a two-dimensional 
diagram, usually termed 
a “scatter” diagram

>   A statistics computer 
program is used
to conduct the 
regression analysis – 
the coefficients in
the hypothesis 
are estimated 

>   The statistical 
significance is assured 
by rejecting the null 
hypothesis, which 
states no correlation 
between variables

>   A rejection is either 
obtained by chance, 
or because there is a 
real relationship

>   The convention 
proposes significance 
levels of 1, 5, 
or 10 percent

>   When the statistical 
significance is proved, 
we can draw 
conclusions on the 
relationships between 
the variables

>   Further quality 
checks are done 
(heteroscedasticity, 
autocorrelation and 
multicollinearity)

Formulate
hypothesis

Computer
regression
analysis

Prove
statistical
significance

Conclude
relationships
between
variables

Collect data

Collect additional dataReformulate hypothesis

Steps within regression analysis

Figure 41: The iterative process of regression analysis

Figure 40 illustrates how basic regression analysis is 
conducted by computing the optimum fitted line between a 
set of observations. The function consists of a constant, and 
one or multiple coefficients, with observed data, as seen 
in Figure 39. The observed data is typically analyzed using 
econometric analysis software which computes estimates 
of the constant and the coefficient.

In formulating the equation to be estimated, based on 
the initial hypothesis, it is also important to consider the 
functional form of the variables. For example, if it is believed 
that speed upgrades above a certain point will yield fewer 
gains in household income than the previous increase 
(decreasing marginal returns), both the variable speed and 
speed2 can be included, and see if the squared parameter 
has a negative estimated coefficient. Determining the 
functional form specification, is a matter of best modeling 
real-world patterns, and is a key element in the five-step 
iterative process as shown in Figure 41.
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Conducting regression analysis is an iterative process, 
in which five main steps can be distinguished, as seen in 
Figure 41. The first step is to formulate a hypothesis stating 
how the variables are believed to be interrelated. Then 
statistical data is collected, treated and compiled as a 
database. When the data is complete, the regression can be 
run using regression analysis software. This step supplies 
estimates of the constant and the coefficient (-s).

The next step concerns the approval of the statistical 
significance. This is crucial in the process. The statistical 
significance is assured by rejecting the null hypothesis. 
Suppose the regression equation is investigated:

  Y = β_0 + β_1 X + ε

Here, Y is a dependent variable and X is an independent 
variable. The null hypothesis, H0, proposes that β_1=0. This 
can be interpreted as no correlation between the dependent 
and the independent variable (-s), or in other words, X does 
not influence Y as β  = 0.

The convention proposes significance levels of 1, 5 or 
10 percent. At 5 percent, an observed result is regarded 
as statistically significant, but only if it had a 5 percent or 
smaller likelihood of occurring by mere chance. The lower 
the significance level chosen, the stronger the evidence 
required, i.e. larger data set required. Regression analysis 
software typically computes the lowest significance level at 
which the null hypothesis can be rejected. This is known as 
the p-value and should be as small as possible.

If statistical significance cannot be proved, one has to either:

 > Collect more data, if it is believed that more data could 
prove statistically significant

 > Change the functional form of the model and apply other 
alternative econometric methodology accordingly

Naturally, there is also the alternative of accepting the null 
hypothesis, concluding that there is no correlation.

On the concept of causality

The central idea of the whole analysis in this study aims at 
identifying the causality of broadband speed to economic 
indicator (household income growth), employing a 
regression analysis. It is useful to make a note on causality 
and correlation when discussing regression analysis, 
since both concepts have similarities and are commonly 
used. Mathematically, if observing B generates some 
knowledge about the expectation of A, then A and B can 
be said to correlate.16 A common example to illustrate this 
is the correlation between inflation and money supply. 
When money supply increases, one would expect inflation 
to increase too. Indeed, correlation analysis makes no 
default assumption as to whether one variable is causally 
dependent on the other, and is not concerned with the 
causal relationship between variables. Rather, it provides a 
standardized measurement of the co-variation between two 
variables. Therefore, having established correlation, it is not 
sufficient for establishing causality.
 

With regression analysis, the aim is to describe the 
dependence of a variable to one (or more) explanatory 
variables, for example, in terms of the size of coefficients. 
Regression analysis typically assumes that there is a  
one-way causal effect from the explanatory variable(s) on 
the dependent variable (directly or indirectly). Therefore it 
is important to note that basic regression analysis requires 
causality as an assumption for ceteris paribus (all other 
equal) interpretation of estimated marginal impacts.

Using deductive logic one may rest on economic theory to 
derive an empirical model which can be tested using regression 
analysis. If derived properly, one will arrive at an empirical 
model to be estimated that captures the theoretical causal links 
between variables. Consequently, the output from the regression 
analysis can be interpreted as the causal impact of the 
independent variable(s) on the dependent variable. This may be 
done by explicitly deducing from production or utility functions, 
or implicitly from adapting models from previous research as  
has been done in this study.

Another approach for establishing causality is to use inductive 
reasoning by means of statistical test or empirical observation. 
There are several statistical tests available for this purpose. 
One key concept is Granger causality. Named after Nobel Prize 
laureate in economics Clive Granger, this method uses time 
series data with lags – using data from a prior time period – 
to establish a causal link. A time series independent variable is 
said to Granger-cause the dependent variable if it can be shown, 
usually through a series of statistical tests on lagged values 
of the independent variables, that the estimates predict future 
values of the dependent variable with statistical significance.

However, establishing Granger causality requires extensive 
time series which have not been available for this study. As an 
alternative endogeneity testing has been used in combination 
with two-stage regression methods. Endogeneity (reverse 
causality) tests such as the DWH test, verify that there is only 
a very low probability of a result being influenced from reverse 
causality. Two-stage regression analysis is a commonly used 
method for isolating the one-way effect. In the first stage the 
research specified an exogenous (independent) model for 
determining, for example, broadband speed. Results are then 
plugged into the second stage which conducts actual testing. 
Both these methods have been applied successfully to the study. 

Empirical observation can also be used, such as controlled 
experiments or field studies/case studies, to identify and 
describe the causal link between the investigated variables. 
Typically in economic research, lab experiments are very 
expensive to carry out. Therefore observations of cases in which 
the causal linkage has been observed in detail, are a more 
feasible method of inferring. If a sufficient mass of empirical 
observations can be gathered and deemed independent, a case 
can be built for causality on this basis.

Both the deductive and inductive approaches are valid for 
establishing causality and may be used jointly. This is the 
approach which has been used for this study. The models 
developed for investigating the effects of broadband speed 
upgrades are founded in economic theory, which provides a 
deductive foundation. Several case studies based on previous 
research have also been analyzed to gather inductive support 
for causality.

16 Mathematically, this can be expressed as Corr(A,B)
Corr (A,B) = E(AB) – E(A)E(B)

Var(A)Var(B)
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Common challenges when 
conducting regression analysis

In this section, some common 
challenges encountered 
in regression analysis will 
be highlighted.17

Figure 42: Example of static data regression model using a supply-demand mode
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Figure 43: The dynamic panel regression model

17 For a complete list of associated economic tests conducted please refer to Appendix G: Statistical tests used.



38

The issue of endogeneity is of high relevance to this study 
and has been a key consideration in choice of method for 
estimation. At heart, endogeneity raises the issue of the direction 
of causality. As previously noted, establishing causality is 
one key step for making correct interpretations of regression 
analysis output relevant. For instance one may ask if increased 
broadband speed causes increased economic activity, or if it 
is the other way around. If this is the case and the independent 
variables are not fully exogenous, the estimated impact of speed 
would be either under or over-estimated. It is expected that the 
relationship between GDP and speed is not a one-way street. 

To account for this challenge, there are several statistical 
tests available such as the Durbin-Watson-Hausman (DWH) 
test.18 If the test should indicate that there is an endogenous 
relationship, and this is with high significance, this must be 
dealt with by selecting an appropriate method of estimation,  
for example two-stage least squares as used in this study.
One should always be careful to make sure that there are no 
omitted variables which affect the dependent variable. Similar 
to endogeneity, this may also cause bias in the estimated 
coefficients. Thus it must be ascertained that the model is not 
underspecified. This can be done by assessing the model’s 
robustness, i.e. how the estimated coefficients change by 
adding either additional plausible variables of causation or 
non-linear (for example, squared) transformations of dependent 
variables. If the size and significance of the coefficients do 
not change, or only change by a small amount, it can be 
claimed that the model is robust. In addition to investigating 
the model’s robustness, the magnitude of the r2 value (the 
square of the Pearson correlation coefficient) can be assessed. 
This indicates the degree of variation in dependent variables, 
explained by the variation in independent variables. These are 
two common tests for assessing whether key controls have 
been omitted, and ideally should be combined with deductive 
reasoning based on economic theory.

Multicollinearity is the statistical term for observing very 
high correlation between two or more control variables. 
This may be a challenge if control variables which are highly 
correlated are included, such as type of occupation and 
education. The result would not produce biased estimates, 
however the standard error of estimation would be inflated, 
thus making it harder to prove statistical significance. Again, 
this risk would typically be higher. To test multicollinearity, 
cross-correlation matrix analysis can be used to investigate 
the size of correlations. Avoiding this issue enables careful 
selection in control variables so that the model is not 
overspecified. All models in this study have passed all tests 
for multicollinearity.

When adding a time dimension to the model, predictive 
power forms more observations and also improves tools 
for establishing causality, such as the Granger causality. 
However, adding the time dimension also opens up for new 
types of challenges as values, including the error term, may 
correlate over time. For example, if there is an unaccounted 
factor which affects both broadband speed and GDP, 
which is serially correlated over time, this may result in 
making significance appear higher than it actually is. There 
are several statistical tests available, such as the Durbin-
Watson test statistic, which is relevant for using panel data 
models.19 This can be solved even for static panel data 
regression by using, as is the case here, two-stage least 
squares estimation.

Empirical modeling for measuring the impact  
of broadband speed

In accordance with previous research, a two-stage least 
squares estimation has been used, as illustrated in Figure 44. 
This method allows the endogeneity problem to be mitigated, 
i.e. the risk of estimates failing to isolate the effect of speed on 
GDP per capita and isolate the one-way causal impact.

In the first equation, the exogenous value for broadband 
speed has been estimated using a supply-demand model. 
The demand impact has been estimated by penetration rate, 
broadband access price, urban population and population 
density. The supply impact has been estimated by telecom 
revenue. This model yields predicted values not determined 
by GDP (effectively removing any endogeneity). To verify 
the validity of the demand-supply model, the equation 
has been checked by applying the Hausman test for fixed 
vs. random effects in addition to standard procedure for 
testing robustness.

The second equation has been used to estimate the impact on 
GDP/capita as compared to the previous year (2008) by using 
the ‘clean’ values for broadband speed estimated in stage one. 
The mathematical model derivation has been adopted from 
Lehr et al., 2005. These have been plugged in to the second 
equation along with other relevant controls, e.g. population, 
tertiary education and labor force. Again, the model has 
been confirmed using the Hausman test to verify robustness. 
In addition, the Durbin-Watson-Hausman (DWH) test for 
endogeneity has been employed to verify that the endogeneity 
has been removed.20

18 If the DWH null hypothesis is rejected, one or both of the estimators is inconsistent.  

    This test can be used to check for the endogeneity of a variable.
19 If et is the residual associated with the observation at time t, then DW test statistic, d, is given by:
20 For more information see Appendix I: Statistical tests used.
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Model 1 – two-stage regression

Broadband speed
it
 = β0 + β1 penetration rateit + β2 broadband priceit + 
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Figure 44: Model estimation procedure
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APPENDIX C: DEFINITIONS

Term Definition

Broadband Broadband internet access, often shortened to just “broadband,” is a high data rate, always on, 
connection to the internet — typically contrasted with temporary, lower rate, dial-up access. 

EU/FCC definitions of basic/functional broadband sets the lower limit at 2 – 4 Mbps. 

Broadband subscriber A broadband subscriber is a single consumer, a household or an enterprise using one or more services 
over a fixed or mobile broadband connection under a commercial contract. 

Broadband user An individual with broadband access through someone's subscription, i.e. the number of broadband 
users is higher than the number of subscribers.

Homes passed The number of detached houses, separate apartments and enterprise premises with the possibility
to obtain broadband internet access at a given speed.

Homes connected The number of “homes passed” actually subscribing to a fixed broadband connection.

Internet access The ability to connect to applications and services available on the internet.

Broadband access The ability to connect to applications and services available on the internet, 
through the use of broadband.

Broadband application Any application or service that enables the consumer or enterprise to be remotely connected to the 
internet over a broadband connection.

Bit rate, data rate Bit rate (data rate) is the number of binary digits (bits) that are conveyed over a digital transmission line 
per unit of time. Measured in bps, e.g. Kbps, Mbps and Gbps.

Gross bit rate The total number of physically transferred bits per second over a communication link, including useful 
data as well as protocol overhead.

Net bit rate The number of physically transferred useful data bits per second, excluding lower level protocol 
overhead, typically referred to as “bit rate,” for example 10 Mbps Ethernet.

Broadband network The end-to-end telecommunications facility between a remote computer executing an 
application/service and the computer/smartphone used by the consumer.

Broadband access network The broadband telecommunications facility between the first/last aggregation point of the internet service 
provider and the consumer premise, not including the home network.

Broadband penetration 1)  The total number of broadband subscriptions divided by the total number of inhabitants in a given area.

2)  The number of “homes connected” divided by the total number of premises 
(houses, apartments, enterprises) in a given area
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Consumer surplus The amount that consumers benefit by being able to purchase a product for a price that is less than that 
the maximum they would be willing to pay.

GDP Gross Domestic Product. GDP is a measure of a country's overall economic output. It is the market value 
of all final goods and services made within the borders of a country in a year.

Gross regional product GDP is a measure of a region’s overall economic output. It is the market value of all final goods 
and services made within the borders of a region in a year.

GDP by metropolitan area The sum of the economic activity originating in all industries situated in the metropolitan area.

Multiplier A factor of proportionality that measures how much an endogenous variable changes in response 
to a change in some exogenous variable.

Data transfer rate The achieved average net bit rate that is delivered to the applications exclusive of all protocol overhead, 
data packets retransmissions, etc. This is the useful data rate, for example the data transfer rate in bits 
per second can be calculated as the file size (measured in bits) divided by the file transfer time. Data 
transfer rate is measured in bits per second or bytes per second. (1 byte = 8 bits)

Downlink direction Data transferred from the network towards the subscriber goes in the downlink direction. The data rates 
of the downlink and uplink directions may be the same or different for a given broadband connection.

Uplink direction Data transferred from the subscriber towards the network goes in the uplink direction. The data rates 
of the downlink and uplink directions may be the same or different for a given broadband connection.

Average connection speed The Akamai definition: The average achieved downlink net data rate for a population of broadband users 
measured from the server end in a broadband network over a defined time span (to be verified).

Average peak
connection speed

The Akamai definition: The average highest achieved downlink net data rate for a population of broadband 
users measured from the server end in a broadband network over a defined time span (to be verified).

Monthly data consumption
(allowance)

The average amount of downloaded bytes over a broadband connection during one month. 
Measured in Mbyte/month or Gbyte/month.

Advertised (i.e. subscribed to)
broadband access data rate
(broadband speed)

Typically the theoretically highest possible downlink net bit rate that may be obtainable on a subscribed 
to connection in a broadband access network.

Broadband access
data rate

The net bit rate – normally downlink – that is possible to achieve over a connection in a broadband 
access network. Can be measured as a peak rate or as an average rate over time.

Term Definition

Figure 45: Definitions
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Coefficient A multiplicative factor in some term of the regression function. The coefficient(s) is the actual result 
(and the purpose) of the regression analysis. It explains how, and to what extent, the dependent variable 
changes when the independent variable is changed by 1 unit.

Degrees of freedom The number of observations in the sample smaller than the number of parameters to be estimated.

Dummy variable A variable that takes the values 0 or 1 to indicate the absence or presence of some categorical effect that may 
be expected to shift the outcome, for example gender. Also known as indicator variable or just dummy.

Independent and
dependent variables

In a statistics experiment, the dependent variable is the event studied and expected to change whenever the 
independent variable is altered. Also referred to as endogenous (dependent) and exogenous (independent) variables.

Margin of error A statistic expressing the amount of random sampling error in a survey's results. The larger the margin of error, the 
less faith one should have that the poll's reported results are close to the true figures, that is, the figures for the 
whole population. Margin of error occurs whenever a population is incompletely sampled. Usually a margin of error 
of 3 percent is acceptable for continuous data, for categorical data the acceptable margin of error is 5 percent.

Multicollinearity A statistical phenomenon in which two or more predictor variables in a multiple regression model are highly 
correlated. Multicollinearity does not reduce the predictive power or reliability of the model as a whole, at 
least within the sample data themselves; it only affects calculations regarding individual predictors. That is, 
it may not give valid results about any individual predictor, but can indicate how well the entire bundle of 
variables impacts the dependent variable.

Null hypothesis The null hypothesis is usually that there is no relationship between two measured phenomena. It is important to 
understand that null hypothesis can never be proved. Your data can only reject a null hypothesis or fail to reject it.

Ordinary least squares/
Minimum sum of 
squared errors (SSE)

A method that minimizes the sum of squared vertical distances between the observed responses in the 
dataset, and the responses predicted by the linear approximation – the result is a regression line (a function).

R2 R2 is 1 minus the ratio of the sum of squared estimated errors to the sum of squared deviations about the mean 
of the dependent variable. Hence, the R2 is a measure of the extent to which the total variation of the dependent 
variable is explained by the regression. (R2 takes a value between 0 and 1. High R2 is important if one wishes to 
use the model for forecasting purposes. Low R2 may indicate that important and systematic factors have been 
omitted from the model). Simply put, R2 reflects the amount of noise in the data.

Regression analysis Any techniques for modeling and analyzing several variables, when the focus is on the relationship between 
a dependent variable and one or more independent variables.

P-value The probability of observing data at least as extreme as that observed, given that the null hypothesis is true.

Residual An observable estimate of the unobservable statistical error. In other words, it is the difference between the 
sample and the estimated function value.

Sample size The number of observations that constitute the statistical sample. It is typically denoted as n.

Statistical error (ε) The amount by which an observation differs from its expected value, the latter being based on the whole 
population from which the statistical unit was chosen randomly.

Statistical significance A result is called statistically significant if it is unlikely to have occurred by chance.

Variance A measure of the dispersion of the probability distribution of a random variable. Consider two random 
variables with the same mean (same average). If one of them has a distribution with greater variance, then, 
roughly speaking, the probability that the variable will take on a value far from the mean is greater.

Term Definition

Figure 46: Statistics glossary
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Case
study Year Authors Report index and name Main conclusions

US investments between 2003 and 2009 led to over 40,000 new jobs 
created annually, which was a significantly higher number than what 
the authors had estimated.

Upgrading broadband technologies will result in an annual average of 
more than half-million US jobs from 2010 to 2015, relative to a world 
without such investments.

In the UK, making broadband standard universally yields a higher return 
in comparison with fast broadband.

The study discusses two scenarios – increasing the average speed in 
Denmark to 42 Mbps or to 92 Mbps by 2013 – which both increase 
GDP and innovation substantially.

The analysis shows that the marginal utility decreases as the 
broadband speed increases.

A US survey from 2010 indicates that reliability and price are more 
important than speed for consumers. 

The willingness-to-pay is higher for increased broadband speed, than 
for increased reliability, according to US empirical results from 2010

The study suggests that amount of Internet content, established 
broadband infrastructure, urban population, and a high level of 
innovation in the telecommunications industry are main determinants 
of bandwidth capacity.

A difference in behavior can be seen between Fiber To The Building and 
non-FTTB users in Bulgaria – those with FTTB connection tend to more 
often stream media content, as well as download large files.

Users with FTTB connection tend to rate certain aspects of their lives 
higher than those with other connection types.

Higher broadband speed at hospitals can mean the difference between 
life and death. This case study provides a real-life example of when 
higher speed would have made a big difference.

An upgrade of broadband speed from 5 to 50 Mbps leads to a 
perceived benefit jump of 30 percent.

The survey outcome suggests that those who already have faster 
speeds tend to place a greater value on even faster speeds.

Two scenarios are examined: upgrading from no broadband to slow 
broadband, and from slow broadband to fast broadband – only the 
first one showed increased firm productivity.

As more and more education is provided online, higher broadband 
speeds are needed Increased broadband speeds stimulate online 
education – students with higher broadband capacity spend more time 
on online learning sites.

With increased broadband speed, many advantages arise in the healthcare 
sector – some applications requiring especially high speeds (1 Gbps).

When the average American is searching for a new home today, the 
access of very high speed Internet connection to the home is the 
second most important factor.
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Variable Observed Mean Standard deviation MaximumMinimum

Penetration rate

Speed

Telecome revenue

Price

GDP per capita

Population

Tertiary

Population density

Urban population 

380

400

400

376

408

408

365

408

408

23.87451

8310.072

8,854.854

73.84803

26,538.99

36,053.32

93659.1

34.87226

18.56127

8.439628

5271.048

17,161.82

80.36779

9,810.625

57,142.98

150219.7

33.15717

2.866273

4.601074

1221.303

87.22858

26.85667

10,330.74

319

863

0.6974409

12

38.09438

36224.83

97,179.25

670.3628

66,224.77

308,746

830380

126.0705

24.75

Figure 49: Descriptive statistics

APPENDIX G: DESCRIPTIVE STATISTICS

CAGR +37%

2008 2009 2010

CAGR +5%

2008 2009 2010

CAGR -2%

2008 2009 2010

OECD average broadband
penetration rate

(% of total population) 2008-2010 

OECD average
GDP per capita (USD PPP) 

2008-2010

OECD average broadband
speed (Mbps) 2008-2010

Speed

Obs.

Mean

Std. dev

Min.

Max.

2008

129

5.8

3.4

1.2

23.8

2009

135

8.2

4.9

1.4

29.4

2010

136

10.8

5.9

2.1

36.2

P.rate

Obs.

Mean

Std. dev

Min.

Max.

2008

120

22.7

8.4

4.6

36.8

2009

124

24.2

8.2

7.6

37.9

2010

136

24.8

8.3

9.1

38.1

GDP/cap

Obs.

Mean

Std. dev

Min.

Max.

2008

136

27,241

10,126

11,068

66,224

2009

136

25,984

9,630

10,330

62,115

2010

136

26,391

9,697

10,798

64,128

Figure 48: OECD average broadband speed, penetration rate and GDP per capita development 2008-2012

Source: Ookla, OECD.   Note: Based on 33 investigated OECD countries   
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Australia

Austria

Belgium

Canada

Chile

Czech Republic

Denmark

Estonia

Finland

France

Germany

Greece

Hungary

Iceland

Ireland
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Italy

Japan

Korea

Mexico

Netherlands

New Zealand

Norway

Poland

Portugal

Slovakia

Slovenia

Spain

Sweden

Switzerland

Turkey

UK

United States
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23.68023

21.80797

28.34836

28.97043

10.02206

12.2047

36.88367

22.64657

28.60284

29.45362

29.13109

15.7257

17.36176

32.59211

20.02597

23.7196

19.84147

24.57272

32.56866

7.946034

36.78792

22.38341

33.63107

11.23414

17.16043

11.32907

23.17815

20.85132

31.31506

34.57308

8.472766

29.2515

25.68554

23.87451

5641.691

7817.226

8426.359

6276.454

3605.665

7784.464

10512.18

7521.948

9868.654

9849.799

11143.69

5525.212

8190.962

12914.51

4545.898

3302.739

3951.528

16939.41

28734.7

1826.311

14527.11

4855.833

8350.077

4591.477

10556.73

8634.821

6817.987

5470.048

16363.35

10770.11

3644.157

6219.341

8263.411
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7783.188

1898.247

3404.211

9096.719

618.9031

1857.293

1996.73

255.5669

1501.994

18558.77

21943.21

2878.932

1354.538

117.6723

1538.383

1628.828
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7160.148

4925.73

833.5051

1344.159

3907.16

2648.941

536.395

422.3265

15292.72

1791.507

3869.953

4133.734

18614.21

95698.67

8854.854

71.50357

52.17531

51.26159

74.8751

57.26091

64.29427

56.59545

32.20247

33.08573

42.74176

43.07624

29.76412

50.01917

54.24123

55.84602

111.0135

32.61438

37.29081

41.46843

74.212

62.47676
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242.258

670.3628
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29911.29

15203.44

30099.57

26577.12
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Figure 50: Descriptive statistics
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Figure 52: Average growth of GDP per capita
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Figure 53: Accumulated investments
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Figure 56: Scatterplot achieved speed against GDP per capita level measurements
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Figure 57: Scatterplot growth of GDP per capita and growth of broadband achieved speed
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Figure 58: Average growth of GDP per capita vs. broadband speed (2010)



53
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Tertiary

Urban population
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1.722315

0.1439374
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0.3456408
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*

***

*

Independent variables Coefficient

p-value < 0.01

p-value < 0.05

p-value < 0.1

Key

*

**

***

APPENDIX H: REGRESSION ANALYSIS OUTPUT

Figure 59: Model 1.1 Fitted value of speed with panel fixed effect – speed equation

Figure 60: Model 1.1 Fitted value of speed with panel fixed effect – GDP equation
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APPENDIX I: STATISTICAL TESTS USED

Hausman test

The Hausman t statistic is simply

 tH =   β
1

FE – β
1

RE

        [se (β
1

FE)2 – se (β
1

RE)2]1/2’

The null hypotheses is that both models are consistent, and a 

statistically significant difference is therefore interpreted as

evidence against the RE model. If we cannot reject the null,

we may decide to use the RE model in the analysis on the 

grounds that this model is efficient.

Figure 61: Hausman test for random effects

Grubbs test

        G =   max   | Yi
 – Y |

                              s

i =1,…,N

H0: There are no outliers in the data set

Ha: There is at least one outlier in the data set

The Grubbs test statistic is the largest absolute deviation from 
the sample mean in units of the sample standard deviation

The Grubbs test statistic is defined as:

Figure 62: Grubbs test for outliers

Durbin-Watson-Hausman (DWH) test

Step 1

 z = c
0
 + c

1
x

1
 + c

2
x

2
 + c

3
x

3
 + €

3

Get residuals, z
res

Step 2

Then perform an augmented regression:

 y = d
0
 + d

1
z + d

2
x

3
 + d

3
z

res
 + €

4

If d
3
 is significantly different from zero, then OLS is not consistent.

Figure 63: Durbin-Watson-Hausman (DWH) test for endogeneity
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APPENDIX K: ABOUT ERICSSON CONSUMERLAB

Ericsson ConsumerLab has more than 15 years’ experience 
of studying people’s behaviors and values, including the way 
they act and think about ICT products and services. Ericsson 
ConsumerLab provides unique insights on market and 
consumer trends.

Ericsson ConsumerLab gains its knowledge through a 
global consumer research program based on interviews with 
100,000 individuals each year, in more than 40 countries 
and 15 megacities – statistically representing the views of 
1.1 billion people. Both quantitative and qualitative methods 
are used, and hundreds of hours are spent with consumers 
from different cultures.

To be close to the market and consumers, Ericsson 
ConsumerLab has analysts in all of the regions where 
Ericsson is present, which gives a thorough global 
understanding of the ICT market and business models.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX L: DATA TREATMENT

Most notably the data on household income was converted 
from an ordinal to a continuous scale. As is customary in survey 
studies, respondents had stated their annual household income 
corresponding to a set of predefined ranges (e.g. 30k-50k USD). 
This is typically a preferable way for data to be collected from the 
respondent who may not know the exact figure or be reluctant 
to provide an exact figure. Naturally, these ranges were provided 
in local currency and different ranges depending on the country. 
However, to estimate the magnitude of the marginal income 
impact from broadband speed it is necessary to use continuous 
variables. This type of challenge is common when using survey 
data and the applied method is based on scientific best-practice.

1.  Exchange rate and purchasing power parity

a. The combined annual household income data for 
each country was collected from the survey as a 
categorical data set in each national currency.  

b. The annual household income in USD was 
calculated from the median of each category/
groups divided by average exchange rate in 
2010 when the data is conducted. The data on 
exchange rate was from the World Bank dataset.

c. Then, household income in USD PPP is obtained 
by using PPP data from the World Bank. 

2.  Adjusting for difference between advertisedand  
 actual speed in different countries

a. The results are adjusted with actual/advertised speed 
ratio as seemingly respondents answered the speed 
level with advertised speed. The ratio can be found 
here: http://www.netindex.com/promise/allcountries/

3.  Adjusting for skewed sample income

a. The more challenging adjustment concerns with the 
fact that the survey is conducted based on online 
survey only. Hence there is a strong tendency for 
having skewed respondent in terms of income.

b. The results from (4a) is then adjusted with the 
“actual average pre-tax household income.” 

c. For reasons of data availability, income adjustment 
for BIC countries is only for Brazil and China.

d. Income adjustment index

i. The average household net-adjusted disposable 
income in OECD is USD 22,387.21 

ii. The average income tax (aggregated from tax 
rate difference with respect to type occupation, 
size of family, etc.) is 35.3 percent.22

iii. By combining (i) and (ii) yielding the average 
pre-tax annual household income for 
OECD is around USD 30,289. The average 
household income from the survey is USD 
37,721 hence the adjustment ratio is 0.802.

iv. For BIC countries, the actual pre-tax annual 
household income in China is USD 7,773.23  The 
survey recorded USD 20,138 (note that the survey 
is only conducted in urban China). In Brazil, 
the actual household income is USD 10,00024 
where the survey recorded 12,000. Therefore 
the weighted average for BIC countries is 0.78, 
only based on the data from Brazil and China.21 http://www.oecdbetterlifeindex.org/countries/sweden

22 http://www.oecd.org/newsroom/taxtheaveragetaxburdenonearningsinoecdcountriescontinuestorise.htm
23 http://www.stats.gov.cn/english/statisticaldata
24 http://www.slideshare.net


