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Abstract

The purpose of this thesis is to investigate how fixed broadband will be used in Swedish
households in a 3-6-year perspective. Internet is becoming more and more integrated in peoples
everyday lives. Internet is utilized for communication, entertainment and businesses to mention a
few, and the areas of use are continuously expanding. How this expansion might affect the
household usage patterns and what these possible changes will require from a fixed broadband
connection are continuous questions in need of investigation to ensure that ISPs are able to
provide services in line with market demand.

By studying Internet adoption and consumption behavioral trends combined with development
of fixed broadband up until present day, the thesis will serve as a basis for what the future might
hold. These findings were then complemented with insights from market active experts together
with adjacent research on future broadband connectivity, and compiled into a possible projection
for fixed Swedish household broadband.

The findings show that, with increasing societal integration, Internet is commonly viewed more
and more as a commodity; a societal necessity rather than an, as previously viewed, additional
service. Furthermore, the increasing speed trend remains but might wane within 10 years as
development further than so, with consistent rate, will heavily exceed any imaginable future
bandwidth utilization. Consequently, the idea of a normalized broadband, sufficient for the vast
majority of household consumers is discussed as possibility from a 3-6 year perspective.

Sammanfattning

Syftet med denna studie ar att undersoka, i ett 3-6 ars perspektiv, hur fast bredband kommer att
anvandas 1 svenska hushall. Internet ar allt mer integrerat i vart dagliga liv. Internet anvinds for
kommunikation, underhallning och féretagande for att nidmna ndgra exempel, och
anvindningsomradena dr stindigt vixande. Hur denna expansion kan paverka hushallens
anvindningsmonster och vad dessa eventuella forindringar kommer att kriva fran en fast
bredbandsanslutning dr kontinuerliga fragor i behov av utredning fér att se till att
Internetleverantorer kan tillhandahalla tjanster 1 linje med marknadens efterfragan.

Genom att studera Internetvanor och konsumtionstrender i kombination med utvecklingen av fast
bredband fram till idag, skapades en grund foér vad framtiden skulle kunna medféra. Dessa
slutsatser kompletteras sedan med insikt fran marknadsaktiva experter samt med nirliggande
forskning om framtida bredbandsanvindning, och sammanstilldes till en trolig prognos for fast
bredband i svenska hushall.

Resultaten visar att med 6kande samhillsintegration, ses Internet allt mer som en grundliggande
samhillstjanst snarare dn en, som det hittills betraktats, privat tilliggstjainst som man viljer eller
avstar ifran av olika anledningar. Utvecklingen mot dnnu snabbare bredband fortsitter, men bor
avta inom 10 ar da utveckling lingre dn sa i samma takt kommer grovt 6verskrida all tinkbar
framtida bandbreddsutnyttjande. Foljaktligen diskuteras méjligheten av ett normaliserat bredband,
omfattande nog for majoriteten av alla hushallsanvindare inom ett 3-6 ars perspektiv.
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Abbreviations and definitions

Broadband — Any high-speed Internet access technology faster than a dial-up connection.

(Fixed) Broadband — A broadband connecting the user using a coaxial cable, optic fiber, radio or
twisted pair cable.

Broadband coverage — The extent to which broadband is accessible to users.

(M)bps — Bits per second. A unit of measurement for data transfer speed. Commonly used together
with preceding prefix when regarding internet speed.

CAGR — Compound Annual Growth Rate. Mean annual growth rate over a specified period of
time longer than one year.

Internet video — Any time of video or motion picture available over the internet.

The institution — School of CSC at KTH

IM — Instant Messaging. Real-time chat available over the internet.

IT — Information Technologies

ISP — Internet Service Provider

OTT — Over-The-Top content. Audio, video and other media without involvement of operator.
The principal — Com Hem

VoIP — Voice over Internet Protocol. Also called Internet telephony and is a term for voice
communications made over the Internet.



1 Introduction

An introduction to the project including a brief background, purpose and objective as well as the research question
with supporting sub-questions. The chapter also includes delimitations chosen to be excluded.

1.1 Background

The rapid development of Internet and IT (digital services and products) demand changes and
further development for how these services are made available. Not only are new services being
launched but there is also a shift in how customers consume and use them. Therefore, it is
necessary to investigate tomorrow’s demand for broadband and how broadband is to be shaped
to best meet the needs and requirements of the users. To do so, one must look into technological
advancements, behavioral trends and shifts to thereby understand how broadband is better
packaged and offered.

Broadband in Sweden is one of the most widespread and comprehensive fixed Internet networks
in the world with a national coverage of almost 99.0% (European Commission, 2015). The large
network enables consumers easy access to endless amounts of information and services that helps
increase efficiency and stimulate economic growth. The Swedish Government has set the goal that
Sweden shall be world leader in utilizing the digitalization possibilities. The goal is that by 2020 90
% of Swedish households should have access to high-speed (100Mbps) broadband, along with the
necessary infrastructure to support that coverage. A part milestone that by 2015, 40 % of Swedish
households should have access to 100 Mbps was already met and passed by year-end 2010/2011.
(Ndringsdepartementet, 2011)

The European Commission annually maps EU member states’ digital performance — The Digital
Economy and Society Index (DESI). In 2015, Sweden ranked 2™ out of the 28 member states
(European Commission, 2015). Thus, Sweden has shown to be in the forefront of broadband
development and utilization as internet access is a requisite for digital performance. But how might
this change in the future? What will tomorrow’s consumer behaviour be like and how might a shift
affect the development and future requirements? By using information on today's consumption
pattern and current technological development complemented with insights and different
perspectives from experienced experts actively engaged in Internet integration and growth, this
report aims to answer these questions.

1.2 Research question

The purpose of this thesis is to investigate how Swedish households will consume fixed broadband
in a 3-6-year perspective. Thus, the following research question has been defined.

How will fixed broadband be used in Swedish households in the near
future, 3-6 years? And what determinants could influence possible
changes compared to today’s usage?

_6-



To better answer the research question, the following sub-questions are posed, each with a specific
area of focus to gain perspectives on the broader question.

The evolution of services

What Internet services do consumers use today? How will these change and/ or what new services will be
available to broadband consumers in 3-6 years? How will they affect residential broadband requirements?

Consumer behavior

How s broadband mainly used in Swedish households today and how will this bebavior change in the
near future, 3-6 years, considering services avatlable, devices used and customer segments?

Consumer view of broadband

How do consumers view their residential broadband connection? What determines the broadband of
choice? And why?

1.3 Objective

The objective of this project is to investigate the how broadband will be used in households in the
near future. This includes analyzing the technological development and what possibilities that new
technologies will enable as well as analyzing how and for what reasons broadband is used. What
determinants affect adoption and how different belief structures and trends such as service usage
or consumption longevity, might influence broadband consumption.

Since this master’s thesis will be mainly investigative, the objective for the principal and the
institution will be the same. The results and discussions will be beneficial for the principal as well
as meet the requirements posed by the institution.

1.4 Delimitations

The project is narrowed down to a future 3-6 years from now, 2016. The reason for setting this
relative short time span is because it has been judged that technological development, services
offered and consumer behaviour beyond this time span may change so rapidly that uncertainties
would be too great and, hard to support with facts and trends and hence rather become
speculations.

Internet is defined here as the scope of enabling Internet access to residential consumers. The
project will not include adjacent parameters such as packaging, installation, prices, necessary
hardware such as routers and modems.

The research is also limited to the Swedish market and fixed broadband delivered to residential
consumers. The main differentiation factor today between fixed broadband alternatives is the
speed of the connection. Therefore, speed will be the comparative factor in this research and other
possible differentiation points such as data usage will be considered with less weight.
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Nor will risks for overload, electricity outage and other disruptive effects that may interfere with
the users experience be considered.

Since this is a purely investigative study, no implementation will be executed during this project. It
will instead result in a recommendation that could be used for a service providing company active
on the Swedish broadband market.

1.5 Previous work

Even though there is a considerable amount of previous research in this field, most of it is already
outdated. For the same reason that this project has a narrow scope of 3-6 years, earlier studies
quickly become out of date with decreasing impact on the current situation and coming future. A
few examples of previous research are broadband rollout in terms of infrastructure, broadband
Internet adoption models and political involvement such as goals and investments for better
Internet access. But research is basically lacking for how a broadband service provider, on an
already top-of-the-line market, should adapt to the succeeding future. Nor is there any significant
recent research on what is required from household broadband in the perspective of 3-6 years.
Broadband is continuously developing and becoming more and more advanced with better
infrastructure, achievable speeds, stability and reach. As long as this growth remains, there will be
a need for continuing and updated research.



2 Theory

This section includes all necessary information to fully comprebend the following results. Inciuding a brief history of
the Internet, challenges of rapid growth, access technologies, adoption and usage data followed by common and major
applications.

2.1 Rapid growth of the Internet

Global Internet traffic has increased drastically since its first launch. In 1992, 100GB of traffic was
sent over global networks. 10 years later, in 2002, that figure had increased to 100 GB every second.
(Cisco, 2015a). Nor does the increase seem to level out as Cisco (2015a) has predicted, see Figure
1, and by 2019 the global Internet traffic will be equivalent to 168 exabytes (10" bytes) — or 42
billion DVDs — per month. This amount of traffic will result in breaking the Zettabyte threshold
(global annual traffic will amount to 1000 exabytes) during 2016.

23 % CAGR
180 168
160
135.5 -
140 -
120 109_ -
Exabytes per 100 124 88'4_ -
Month 80 59.9 e
60 -
40
20
0
2014 2015 2016 2017 2018 2019

Figure 1: Data generation per Month of IP Traffic by 2019. Adapted from: (Cisco, 2015a, p. 4)

2.1.1 Challenges with rapid Internet growth

With the increasing amount of Internet users comes greater requirements on the Internet
infrastructure; its reach and stability. In the near future, demand for Internet access will continue
to grow as more services become available. Services will be of higher resolution and more packed
with information and thereby lead to more extensive traffic. Mobility and stability must thus be
ensured which will force further expansion of Internet and broadband networks. By investing in
such, not only will the consumer experience be enhanced, but distributing broadband will also be

more cost-efficient for IPSs. (PTS, 2015d)

Every device connected to the Internet is assigned a unique IP (Internet Protocol) address and due
to the explosion in connectivity, IP addresses of the current 32bit version, IPv4, are closing in on
the upper limit. This means that to continue Internet expansion and enable every user access, a
new version is necessary. IPv6 is a 128bit Internet Protocol version that enables far more unique
addresses and due to its complexity, will also require larger bandwidth. (Liu & Han, 2010)



2.2 ...enter Broadband

Broadband has today become the norm and few question why an average household should have
a connection. A mindset that has evolved alongside the increasing numbers of applications and
uses that an Internet connection enables. We are enabled loss-less and instant global
communication, access to all our financials, watch movies and listen to music. Almost everything
we encounter in our daily lives is connected in one way or another; made available by different
access technologies described below. Hereafter, Figure 2 shows the development in number of
subscriptions for each respective technology.

2.2.1 xDSL — Digital Subscriber Line

xDSL is an umbrella term for different types of Digital Subscriber Line-technologies where the
most common two are ADSL (Asymmetric DSL) and VDSL (Very-high-bit-rate DSL). xDSL was
until 2014 the most common access technology in Sweden as it utilizes the telephone network but
was during this year shift surpassed by fiber, see Figure 2 below. xDSL connection speeds are
much slower than the other two fixed broadband technologies, fiber and cable, but has a wider
reach due to the pre-existent copper infrastructure. xDSL is therefore significantly more common
in outside main cities and in remote and rural areas. But as fiber and cable Internet infrastructures

are invested in, xDSL margins are decreasing. Even so, xDSL will remain a viable access
technology due to the large customer base. (PTS, 2014; PTS, 2015d)

2.2.2 Cable

Cable is the term for accessing the Internet through the cable television infrastructure. This
infrastructure was built with the main purpose to distribute big bundles of TV-channels to urban
areas. For a cable network to be able to transmit broadband, a return path must be activated for
upstream signals. Internet speeds decrease over distance but since cable-TV networks mainly
reside in urban areas, these distances tend to remain short. Today’s cable networks in Sweden are
Hybrid Fiber Coax which means that the signals are mainly carried over fiber optic connections.
The latest numbers for Com Hem (largest Internet provider using cable networks in Sweden)
revealed that 96.7% was fiber optics and the remaining 3.3% was coaxial electric infrastructure.
(Nyberg, 2016) The average Internet speed over cable-TV for Com Hem was 87 Mbps as of 2015.
(Bredbandskollen, 20106)

2.2.3 Fiber

Fiber optics communication is the most advanced technology for fixed broadband today. By using
pulses of light through an optic fiber cable with zero resistance, total internal reflection, fiber
allows information to be sent at higher speeds than xDSL or cable-TV networks and also over
longer distances without requiring signal repetition and strengthening. The high speeds and low
loss makes fiber ideal for performance demanding traffic such as high-resolution entertainment or
heavy file-sharing. (PTS, 2014) Expanding the fiber network is an investment for the future even
though the infrastructure construction costs are comparatively high, to then produce and send
light signals is easy and very cost-efficient. Average Internet speeds have since launch in Sweden
(2008), been greater than any other fixed Internet access technology. Taken together these factors
conclude that fiber is the superior access technology and exceeds any other in terms of
transmission capacity (Bredbandskollen, 2016; PTS, 2015d)
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2.2.4 Other technologies

In Figure 2 below, dial-up connection as well as other connections are not considered in further
work of this thesis since they are regarded as being past technologies and not realistic options for
future expansion and usage. Although, dial-up is at least worth mentioning as it since Internets
launch was the sole and uncontested technology until the emergence of xDSL, fiber and cable and
has now been almost completely phased out. The orange line represents the development of total
number of active fixed broadband subscriptions in Sweden.

Thousands

2,000

1,000 X— —

S

199519961997 19981999 200020012002 2003 2004 2005 2006 2007 2008 20092010201120122013 2014

e Djal-up connection e Total number of fixed broadband subscriptions
xDSL Cable-TV
e Fiber and fiber-LAN e Total number of households

Figure 2. Development of fixed broadband subscriptions in Sweden. Adapted from: (PTS, 2015b, p. 24; SCB, 2015)

2.2.5 Tracing the broadband market

The Swedish Post and Telecom Authority (PTS) has since 2002 conducted comprehensive national
questionnaires called PTS Individundersékningen (Survey of Individuals). From a consumer and
demand perspective, these questionnaires compiles into knowledge regarding the market for
electronic communication— telephony, Internet and TV. Questions are about what, how and to
what extent various services are used; frequency and motives for churn; issues consumers have
had with their products; subscription types; and service coverage and reach (PTS, 2016).

Since 1999 PTIS also semiannually releases a report called The Swedish Telecommunications
Market. This is a report that statistically analyses the Swedish market for electronic
communications through market developments. (PTS, 2010)

Furthermore, PTS compiles an annual mapping of broadband coverage, speeds, access
technologies, which are compare between Swedish municipalities as well as shows to which areas
broadband still has not yet been built. (PTS, 2016)

All of these findings are public and accessible through either released reports or through their
online tool — Statistikportalen (The Statistics Portal) where the user is able to manually enter
parameters such as timespan, demographics, geographies, business/residential, traffic and much
more (PTS, 2016).

The latest numbers reveal that 100 % of all Swedish people have access to (possibility to utilize
existent technology to connect to the internet) an Internet connection, 98.98 % out of which a
fixed broadband connection regardless of technology (PTS, 2016). Furthermore, 66 % out of all
households have an active fixed broadband subscription (SCB, 2016; PTS, 2016).
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2.3 Technology and Internet adoption

Trying to understand and predict technology adoption can be difficult. This has been evidenced
at several occasions, and even by technology-giants such as Thomas Watson who predicted in
1943 that “... there is a world market for maybe five computers.” or Ken Olsen stating in 1977 that “There
is no reason anyone wonld want a computer in their home.” (Strohmeyer, u.d.) Even in later years, 2013,
when Steve Ballmer CEO of Microsoft said “There’s no chance that the iPhone is going to get any significant
market share.” (Szczerba, 2015) But as clearly seen today, many technologies have proven to
contradict predictions and instead transitioned into necessities — emergence of PC (Brown &
Venkatesh, 2001).

2.3.1 Model of Adoption of Technology in Households — MATH

Technology adoption has been extensively studied from various perspectives. To understand how,
why and when adoption occurs, one must distinguish what factors and determinants affect
peoples’ will to adopt and not. The Model of Adoption of Technology in Households (MATH)
by Susan A. Brown and Viswanath Venkatesh (2001) was created when trying to frame technology
adoption within the scope of households. The model was developed based on information system
research, psychology, and marketing, and utilized the theory of planned behavior (TPB) (Alzen,
1991) as a framework basis for construction. Similarly, to TPB, MATH investigates behavior on
three dependent variables: Attitudinal Belief Structure (Utilitarian Outcomes, Hedonic Outcomes
and Social Outcomes), Normative Belief Structure (Social Influence and Secondary Sources) and
Control Belief Structure (Lack of Knowledge, Difficulty of Use, and High Cost). (Brown, et al.,
20006) Table 1 presents the constructs and definitions of MATH.

Table 1. MATH constructs. Adapted from: (Brown, et al., 2006)

Belief structures Core constructs Definitions

Attitudinal beliefs  Applications for personal use  “The extent to which using a PC enhances the effectiveness of
household activities” (Brown & Venkatesh, 2001, p. 82).

Utility for children The extent to which using a PC enhances the children’s
effectiveness in completing homework and other activities
(Brown & Venkatesh, 2001).

Applications for fun “The pleasure derived from PC use” (Brown & Venkatesh,
2001, p. 82).
Status gain The increase in prestige that coincides with a purchase of the

PC for home use (Brown & Venkatesh, 2001).
Normative beliefs Friends and family influences “The extent to which members of a social network influence

one another’s behavior” (Brown & Venkatesh, 2001, p. 82). In
this case, the members are friends and family.

Secondary sources' influences The extent to which information from TV, newspaper, and

} 3 3>
other secondary sources influences behavior (Brown &
Venkatesh, 2001).

Control beliefs Fear of technological The extent to which rapidly changing technology is associated
advances with fear of obsolescence or apprehension regarding a PC
purchase (Brown & Venkatesh, 2001).
Perceived ease of use The degree to which using the PC is free from effort (Brown &
Venkatesh, 2001).
Requisite knowledge The individual’s belief that he/she has the knowledge necessary

to use a PC. This is very closely tied to the concept of computer
self-efficacy (Brown & Venkatesh, 2001).
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2.3.2 Determinants and predictors for broadband adoption

To answer how and why use the Internet, and thus adopt a broadband connection, determining
factors must be identified. In (2005) Flamm, Chaudhuri and Horrigan published a paper with a
broad perspective where they studied determinants of Internet access. Acknowledging that the
reasons and determinants for becoming an Internet user is a complex matter, their focus on how
socioeconomic factors affect Internet adoption does give a partially clear result. Strong factors that
can be used to predict adoption are income and education. Higher education and higher income
prove to have a clear positive effect on willingness to adopt broadband.

In 2007, Flamm and Chaudhuri published another paper (Flamm & Chaudhuri, 2007) analyzing
determinants of broadband. At that time, dial-up was the most common access technology and
broadband as we know it today — though cable and fiber with speeds, at the time, up to 10Mbps,
were just merely emerging and beginning to take root in (tech-savvy) countries such as South
Korea and Japan. Dial-up had a high availability since it utilizes telephone networks which was a
pre-existent infrastructure when the access technology emerged. But broadband, accessed through
cable or fiber required another infrastructure and network that was not as widespread and available
as telephone networks when the alternative technology to dial-up was introduced. This limitation
along with a higher cost compared to dial-up, made broadband adoption slow at first. But as
broadband continued to develop and the infrastructure was invested in, dial-up has almost been
eradicated on the Swedish market, losing significant market shares in favor of broadband access
technologies xDSL,, cable and fiber, see Figure 2. Figure 2 also shows a decrease for xDSL, which
is partially due to ISPs dismantling the xDSL infrastructure while investing in fiber as the core
access technology for the future. (Ndringsdepartementet, 2009; PTS, 2015a) Flamm and Chaudhuri
conclude that price is the most significant driver of Internet adoption.

Further, in (2015), Tsai and LaRose compared competing theories of broadband intentions (why
and how we use it) and adoption, compiling the various variables with each corresponding theory.
In addition to the conclusions drawn by Flamm, Chaudhuri and Horrigan, Tsai and LaRose found
that habit strength, observational learning and enactive learning had positive effects on broadband
intentions. However, sole observational learning, not together with individual interaction proved
to have a negative impact on broadband adoption. Results indicating that enabling and pushing
individuals to personally experience the possibilities of broadband increases the probability for
adoption.

2.3.3 Internet adoption bottlenecks and challenges

A continuous development to create comprehensive fiber network infrastructures is costly and
requires large investments. Such investments are regularly based on the expectation that the
neighborhood are willing to adopt. However, there is a deficient and hesitant interest for NGA
(Next-generation Access) in rural areas of Sweden which creates challenges, commonly called the
Digital Dipide. (Niringsdepartementet, 2009) The dominating access technology in these rural areas
is still xDSL but as this network is successively being dismantled together with a reluctance to
adopt to new technologies creates a risk for future development in trying to reach the set
broadband goals.

The hesitance of adopting broadband despite having the necessary infrastructure to support a
connection is, and tends to remain a factor. Over the past five years even though they have access,
200 000 Swedish people choose to not subscribe to a broadband connection, a divide that neither
grows nor decreases. Access is thus not the only requisite for adoption, technology knowledge and
slight desire to learn along with discrete interest therefore limits broadband expansion which is
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mainly apparent for older people of the Swedish society. Figure 3 shows how Swedish people of
assessed their computer and I'T knowledge in 2015 (IIS, 2015).

Assessed computer and IT knowledge in Sweden

100
23
80
1=
S 60
(8]
2 40
[a W
20
0
12-15 16-25 26-35 36-45 46-55 56-65 66-75 Total
years
B Not at all knowledgeable B Not particularly knowledgeable
M Fairly knowledgeable Very knowledgeable

Figure 3. Assessed computer and I'T knowledge in Sweden. Adapted from (115, 2015)

Expanding a comprehensive broadband infrastructure is also a prerequisite for commercial and
public services to become accessible and promote local growth. Enabling services digitally means
streamlining cost reductions to creates more appealing environments for both residential uses as
well as for the public sector and private businesses; thus creating enhancing possibilities for
entrepreneurs all over the country. Therefore, it is necessary for Sweden’s continued growth to
have a high-quality broadband infrastructure. (Niringsdepartementet, 2009)

2.4 Nielsen’s Law of Internet Bandwidth

Moore’s Law is the well-known observation of how processing power (number of transistors in
circuit boards) double every two years, corresponding to approximately 60 % annual growth.
(Tech4i2, 2015) Nielsen’s Law is a comparable observation, introduced 1998, which states that
high-end user’s connection speed will double every 21 months, which roughly corresponds to a 50
% annual growth. From first point of

measurement, the “law’ has also proven 100000000 7
to align with the estimate, reaching 10,000,000 -
120Mbps today (2014), see Figure 4. 1,000,000 —
(Nielsen, 1998) Since Nielsen’s Law of 100,000 1
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corresponding since its introduction, itis 2@ 19090 -
still viable to use as a point of reference § § 1,000 —
when  investigating  this  report’s s 100
question; estimating the future of cg :
broadband household connections, and E 8 10+
can thus be extrapolated when looking -'q-‘:J Q 1+ e

ahead 1983 1988 1993 1998 2003 2008 2013
Figure 4. Nielsen's Law if Internet Bandwidth. (Nielsen, 1998)
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3 Methodology

This section describes methods used in the project. The data collection and interview methods are motivated and
explained further how they contribute to the project goal.

To answer the research questions, the choice of method must be carefully thought through to
ensure that results and conclusions reached give answers aligning to desired outcomes. In this
project, the goal is to study broadband adoption and behavioral past, identify consumption trends
and estimate a probable near future. To best accomplish this, a mixture of quantitative and
qualitative methods is preferable — an approach called mixed methods (Venkatesh, et al., 2013).
Even though mixed methods has been debated whether or not combining methods of
contradicting nature is suitable or not, in some researches the combination could result in more
compelling results than if a single method would have been used. Venkatesh et al (2013) also
suggest that social and behavioral sciences could benefit from a mixed method approach.
Therefore, as this report includes both a qualitative basis and behavioral analysis, a mixed method
approach is justified.

Mixed methods approach is however divided into two alternative research approaches, Mixed-
method research and Mixed-model research. The prior, mixed-method research, uses both qualitative and
quantitative procedures, ecither in parallel or sequentially, but keeps the two separate. The
qualitative data are collected and analyzed qualitatively, and the quantitative data are collected and
analyzed quantitatively. The latter, mixed-model research, instead combines the two techniques making
it possible to either qualitise quantitative data or quantify qualitative data, converting data to one
or the other. (Saunders, et al., 2009) This project thus conducts a mixed-model research by
qualitising collected existing statistical data, complemented by in-depth interviews based on results
from the mixed-model research.

3.1 Data collection

The data collection was executed through three different methods: academic database inquiries,
secondary data gathering and in-depth interviews, in that consecutive order. Research articles
found through database inquiries provided a theoretical foundation for the project, upon which
the secondary data, in the form of statistics provided a direction and general direction for how
broadband consumption is changing. These directions were then used as support and underlying
data for the interviews.

3.1.1 Database inquiries

The literary foundation mainly consisted of articles from various journals in relevant fields such as
Information Systems, Technology Adoption and Human Behaviour. These were gathered using
online databases such as KTH Primo, Google Scholar, IEEE Xplore and ACM Digital Library.
Studying findings from these databases provided the project with necessary theories and
frameworks.
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3.1.2 Secondary data

Description of the quantitative method. What data will be gathered and how? What will this study reveal?

Secondary data is pre-existent data, already collected for other purposes. It can be anything from
raw data to surveys conducted by governmental departments or public reports compiled by
companies. If the research project has an interest for a nationwide perspective, secondary data
such as governmental reports can be of great use as these can often be extensive and contain large
amounts of data and interesting parameters from which comparisons can be made. (Saunders, et
al., 2009) Sources taken into consideration in this project includes Bredbandskollen, IIS, OECD,
Mediavision, Cisco, PTS, Statistiska Centralbyran (SCB) and Ministry of Enterprise and Innovation
(Naringsdepartementet).

3.1.3 Interviews

Three semi-structured interviews were conducted ensuing secondary data collection. The
interviewees are knowledgeable individuals in technology and broadband with many years of
experience analyzing, and even playing a part in constructing Internet as known today, see chapter
4.2 for information regarding the interviewees. The interviews began with open ended questions
of how the interviewees interpreted the current market state and how they saw the future, followed
by a transition into more in-depth questions based on results and market indications from the data
collection. Thereby, a foundation for how the market had developed until the current state today
was set to which the interviews were to add perspective for possible further development.

Semi-structured interviews are categorized as non-standardized type of interview, often referred to
as qualitative research interview, where the researcher conducts the conversation from a pre-
determined set of themes and/or open questions aimed to be answered. Changes in sequence may
vary between interviews, despite being part of same research depending on conversation flow.
Results from different interviews will therefore unlikely be consistent. (Saunders, et al., 2009) This
is an outcome that, in this project, is preferable as it contributes to a broader perspective on the
posed research questions.

The interview questions were created after, and dependent on, findings from the literature study
and data collection. This choice of method was made to first acquire statistics and facts and thus
construct a preexistent indication of how the development would progress and why. The
interviews would then nuance and provide perspective to the gathered data and thereby possibly
increase solidity to the research results.
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4 Results

This section presents the results from conducted market research and held interviews. The results are presented as
blocks of themes related to the research and interview questions, with statistical findings that are complemented with
interviewee responses on the area. The weave structure is introduced with a brief presentation of who the interviewees

are, their experience and current employment.

4.1 Internet usage

Internet traffic is continuously increasing. Even though the number of daily users in Sweden is
leveling off (76 % 2014 and 80 % in 2015 of Sweden’s population (IIS, 2015)), residential users
spend more time than ever on the Internet while at home. In 2007 Swedish people spent an average
of 8.8 hours per week on the Internet while at home. A steady increase that 2015 resulted in 12.9
hours of weekly residential Internet usage per resident, see Figure 5.

125 12.9

12 11.3 116 114 4
9.7 9.

Hours per week

2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 5. Time spent on the Internet while at home. Adapted from: (LS, 2015, p. 10)

As indicated from Figure 6, fixed broadband is becoming increasingly common as choice of access
for Internet consumption in Swedish households. As fixed broadband becomes more common,
mobile broadband usage becomes less so. A trend indicating positive prospects for the future of

fixed broadband.
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Figure 6. Type of broadband used in Swedish households, 2011 — 2015. Adapted from: (PTS, 2016)

With investments in broadband, and mainly fiber infrastructure comes faster speeds. Figure 7
shows the spread in fixed broadband speed subscriptions, where the trend is clearly heading
towards faster connections as faster speeds are gaining shares while slower speeds are apparently
being phased out.

Fixed broadband speeds - downstream
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HM<2Mbps M2-<10Mbps m10-<30Mbps m30-<100 Mbps ™ >=100 Mbps

Figure 7. Fixed broadband speed allocation - downstream. Adapted from: (PTS, 2015b)

4.1.1 Applications for Broadband — What we use it for

The most significant application we use the Internet for in terms of required bandwidth and
transferred data is internet video. (Cisco, 2015a) Internet video is a collection for all types of video
content that is transmitted and viewed via using an Internet connection. This includes live video
content such as broadcasted sport or news events, shorter clips (e.g. YouTube), longer videos (e.g.
Netflix, HBO Nordic) or online video rentals or purchases etc. According to Cisco (2015a),
Internet video will continue to grow rapidly and by 2019 constitute 80 % of the total Swedish
Internet traffic, up from 52 % in 2014, see Figure 8, becoming the fastest growing residential
Internet service.
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Since 4K is just beginning to emerge onto the market it has not yet acquired any significant expanse
(0.2 % of Swedish Internet video in 2014 (Cisco, 2016b)). However, Cisco estimates that by 2019,
4K video will constitute 26.7% of IP VOD (228.6% CAGR). This estimate correlates with Figure
8 as 4K content entails a significant increase in data transfer in relation to lower resolutions and
therefore contributes to the noteworthy increment of Internet Video. In a press release from
January, Mediavision (2016) wrote how consumption of Internet video is increasing in Sweden.
From Q4 in 2014 to Q4 a year later, 2015, the daily viewing time of online-TV for individuals aged
15-74, increased from 25 min/day to 36 min/day.
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Figure 8. Total traffic by type in Sweden. Adapted from: (Cisco, 2016a)

Fransén (2016) confirms this trend by acknowledging how PTS has seen an increase in the use of
OTT services over the past years. Consumers want to select themselves what to watch and when,
not being bound to a set schedule. 10 years from now, Dahlstrand (2016) believes scheduled TV
will have ceased to exist and instead replaced by On-Demand viewing. Naturally, this excludes
live-content.

Figure 9, adapted from the 2015 “Survey of Individuals”-report, reveals a selection of the most
common activities that respondents used the Internet for in the preceding six months. The findings
are further compared to earlier answers to the same questions from 2013 and 2011. The figure
clearly shows that Internet video is one of the most common residential services with ~86 % usage
rate. Important to consider is however the required time each activity usually takes. Compared to
sending and receiving e-mails or online retail, Internet video is far more time consuming and
therefore, as apparent in Figure 8, had a larger impact on the household connection.
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Figure 9. Used Internet services in past 6 months via household PC Adapted from: (PTS, 2015¢, p. 19)

Acknowledged by both Aveskog (2016) and Fransén (2016) was that what we today use the
Internet for is in the midst of a turning-point where applications such as community services
becoming increasingly more common. Entertainment remains the most used application in terms
of frequency and time spent but as internet penetration grows, so will the adaptation of
governmental institutions, healthcare, education etc. as well, thereby making their services available
through the Internet. The Swedish Tax Agency is one such that is considered by many, Aveskog
for one, to have utilized the technological development and opportunities well. A majority of their
services are accessible and can be done over the Internet, which is more secure both in terms of
execution and risk of disappearance, faster and precise. All the while sparing the environment of
unnecessary paper management, making the method altogether more cost-efficient (Fransén,
2016). Today there is nevertheless still the option to submit your tax declaration and other services
through paper forms, but Aveskog believes that this might become rare in 3-6 years from now and
that the standard will most likely change from paper to digital forms. Fransén also admits this shift
but emphasizes that the minority of Internet and technology non-adopters, a group that “[... gefs
smaller and smaller, but whose situation is getting gradually worse as services moving to the digital. |...] and are
therefore left out.]” (Fransén, 2016, 14:30 — 15:03). Aveskog also adds that a significant factor in the
digitalisation of services are the increasing demands. When a few million Swedish people are about
to submit their tax returns toward the end of April, a significant amount of traffic will strain a
network that, to the users is just presumed to work. Hence, he states that the perception of what
broadband is and what we use it for is changing; it is becoming an important societal foundation
and infrastructure upon which our lives depend more and more. Important to bear in mind, which
Fransén also emphasizes, is the matter of security as community services become digitally available.
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4.1.2 Device Adoption and Penetration

The number of devices connected to the Internet is constantly increasing. According to Cisco,
device adoption of the common connected devices: PCs, tablets, smartphones and connected TVs
will all continue to grow. See Figure 10 for number of devices in 2014, in relation to Cisco’s
prospected amount for 2019. Cisco (2016b) further prospects that 4K TVs will have a CAGR of
112.5 % from 2014 to 2019, accounting for 23 % of all flat panel TVs in 2019.

Development for number of devices in Sweden
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Figure 10. Development for number of devices in Sweden. Adapted from: (Cisco, 2016b)

Core Conclusion:

Transitioning to faster speeds, longer viewings, Internet video
arowth, On-Demand preference
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4.2 Briefly about the interviewees
421 Rickard Dahlstrand — 1IS/Bredbandskollen

Rickard Dahlstrand is the project leader for Bredbandskollen, a consumer tool used to measure
and evaluate Internet access. He has many years of experience working with Internet and network
technologies. Interview held on 5 April 2016.

4.2.2 Karin Fransén — PTS

Karin Fransén is a senior market analyst at the PTS. She works with market analyses within
broadband, telephony and electronic communication. Karin is also the project leader for project
regarding the long-term development of the broadband market. PTS’s analyses are used as a
foundation for regulatory decisions. Interview held on 6 April 2016.

4.2.3 Rasmus Aveskog — Com Hem

Rasmus Aveskog has since the late 90s been working with Internet and networks. He was part of
the early and rapid emergence of Internet in Sweden and is now working with big data and analyses
at Com Hem. His responsibilities include characterizing Com Hem networks to try construct
prediction models for how Com Hem’s network can develop to maximize customer satisfaction.
But also to look at how customers behave and how they perceive Com Hem’s products and
services. Interview held on 8 April 2016.

4.3 Bandwidth requirements

Trying to determine what kind of access technology, speed and subscription that is best suited for
a specific household is a complex matter. The factors that affect connectivity performance are vast
and difficult to estimate when deciding upon a choice of connection. Dahlstrand explained this as
a tripartite relation; the user’s hardware, broadband speed provided by the ISP as well as the service
which is being accessed by the user. Each of these parts includes several factors that affect the end
result of how a connection is perceived. The user’s hardware can be slow and insufficient, the
speed provided by the ISP could vary from what is expected and the service being accessed could
have issues. However, during the interview with Dahlstrand, it was stated that the user’s own
hardware as well as connection type subscribed to from the ISP are factors that the user can
influence by upgrading hardware or subscribing to a better connection. Given that user hardware
is sufficient and the service being accessed is fully functional, Dahlstrand repeated that (already
stated the press release associated with Bredbandskollen — Surfhastighet i Sverige 2008-2015 (2016)) “you
need a maximum of 10Mbps for a perfect browsing excperience” per person; linearly, 20Mbps for two people
et cetera. (Dahlstrand/IIS, 2016) This claim was however met with objections as respondents to
the statement expressed that 10Mbps was insufficient for streaming 4K video; and that their new
1Gbps made their experience better than ever. When defending his statement, Dahlstrand said
that this regarded the current market and existing technologies today. As 4K streaming still is
modest on today’s market, 10Mbps is yet a feasible estimate for an individual’s broadband needs.
(Dahlstrand/11S, 2010)

When asked the same question, Fransén thought Dahlstrand’s estimate was reasonable but neither
concurred nor declined that the speed was sufficient for any type of user. Instead she meant that
it varies too much between users to say a definite number, to which she followed up with referral
to how broadband speeds in Sweden is increasing, see Figure 7, along with how few ISPs in Sweden
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today even include broadband speeds as low as 10Mbps in their service range. Even though
Fransén (2016) refrained from making an estimate of tomorrows broadband requirement, she
agreed that even though an average person might not need more than 10Mbps, they will often still
choose 100Mbps. The reason varies but discussed was that it could be due to a sense of security
that you want to be sure you have enough, but also due to outside pressure from the ISPs
themselves but mainly through media. Media pushes for 100Mbps when writing about broadband
and how the infrastructure is being expanded; or considering that the governments broadband
goal was set to 100Mbps etc. (Fransén, 2016).

In 2013, Communications Chambers (Kenny & Broughton, 2013) conducted a thorough
investigation on broadband development in the UK to try and forecast domestic demand 2013-
2023. The investigation modelled 156 different types of household types based on number of
residents, different demographics and varying consumption behaviors. Using all of these models,
Kenny & Broughton reached the approximation that the median household will require 19Mbps
by 2023, and the top 1 % around twice as much at 35-39Mbps. Noteworthy is that these
conclusions were reached with a set of assumptions that if altered would rapidly changes these
figures, one of which is acceptable download waiting times. For a particular user that requests
short download times, this figure could easily exceed 100Mbps (Kenny & Broughton, 2013, p. 5).
Despite so, drawing upon reasonable estimations for the average user, Figure 11 below
shows a compilation of forecasted bandwidth requirements for various application types.
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Figure 11. 2023 nsage and bandwidth by app. (Kenny & Broughton, 2013, p. 48)

As the differences between Sweden and UK are marginal in terms of broadband speeds, adoption
and usage (OECD, 2010) this investigation is justified as means of reference. Kenny & Broughton
(2013) emphasize that it is important to remember that 64 % of UK households are either one or
two people which naturally limits the possible number of simultaneous online activities that would
affect a household broadband while representing a majority of the population. According to SCB
the same percentage in 2013 when the investigation was made, was 69 % and will therefore not
cause any greater deviation in the relation between Sweden and UK (SCB, 2010).
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The required bandwidths gathered from the literature study and interviews are compiled in Table
2. The topmost cells marked in blue are the interviewee’s answers and the following are from
studied research and publications:

Table 2. Estimation of required bandwidths.

dividual ¢
Rickard Dahlstrand (2016; ITS, 2016) States no individual needs faster speeds 10Mbps
today than:
Believes, from a 3-6-year perspective, that
R Aveskog (201 ’ ’ 100M
asmus Aveskog (2016) the average broadband will be: 00Mbps
Karin Fransén (2016) Refrained from giving estimation. N/A
ACG Research (2014) Estl@ates that 4K video in 2023 will 30Mbps
require:
Esti f < i
Cisco (20153) stimates for UHD (4K) streaming today, 18Mbps
requires a bandwidth of:
Communications Chambers (BSG - Concludes that the median bandwidth
Broadband Stakeholder Group) cequirement by 2023 is: 19Mbps
(Kenny & Broughton, 2013) cquirement by >
01 :
Deloitte (Barker, ct al., 2013) States that, in 2014, 4KTV streaming 20Mbps
requires:
) Recommends the following broadband
flix (2016 . 25M
Netflix (2016) speed for UHD streaming today: >Mbps
Report from NYU (New York Claim that possible future services (within | Up to
University) (Zhuang, et al., 2013) 10 years) could require: 150Mbps

The estimations compiled in Table 2 are all independent estimations and apart from (Aveskog)
and (Zhuang, et al.), all estimates revolve between 10Mbps — 30 Mbps. The estimation of 100Mbps
made by Aveskog (2016) was rather an estimation of be/eved average broadband speed rather than
an estimation for lowest required speed. A guess he made after saying that he thought both 10Mbps
(Dahlstrand, 2016) and 19Mbps (Kenny & Broughton, 2013) were too conservative. Aveskog
(2016) motivated this by drawing parallels to Moore’s law and “... #hat capacity itself; does not create the
need but begets behaviour. Increased processing power has meant that system developers and software companies have

adapted to increased capacity. One need not conserve resources in the same manner...” (Aveskog, 2016, t: 46:07-
46:28)
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Tech4i2 conducted a study in 2015 trying to answer Commissioner Oettinger’s (European
Commission) question: What capacity do our fixed and mobile digital networks need to meet future connectivity
needs beyond 20202” The study held Nielsen’s Law as a standpoint and extrapolated the prediction
ahead to the year 2030. The projection was then compared to the Internet application that today
consumes significantly most bandwidth; Internet video. The results can be seen in Table 3 where
from 2015 and every five years to 2030 a forecast of the correlation between connectivity and
compressed video bandwidth is apparent and how many simultaneous video streams this amounts
to.

Table 3. Compilation of connectivity and video bandwidth forecast. (Lech4i2, 2015)

100 Mbps 1.1 Gbps 9.7 Gbps 80 Gbps

24Mbps 57 Mbps 136 Mbps 325 Mbps

4 19 71 246

Cisco (2016a) estimates that by 2019, 21 % of all flat panel TVs will be UHD. This thereby implies
that the deviation of Nielsen’s Connectivity forecast in relation to the compressed video bandwidth requirement
forecast to increase even further than the number of corresponding simultaneons video channels.

Based on the estimations in Table 2 and Table 3 together with Nielsen’s Law, the average person
would require top broadband speeds of 25-30 Mbps. Since 69 % of all households in Sweden
houses 1-2 individuals, the majority households would require 50-60 Mbps today. However as,
Tech4i2’s estimation in Table 3 states that by 2020, a single video stream could require up to 57
Mbps. This would push the average household bandwidth demand to around 100 Mbps instead,
and thereby also set an applicable level to a broader range of household constitutions.

Core Conclusion:

50(100) Mbps would suffice for the majority of Swedish households
(Est. bandwidth demand per individual, 3-6-years: 25(50) Mbps. 69 % of households houses 1-2)

4.4 Satisfactory connection — What determines the choice
of connection

Trying to determine what makes Internet users feel limited is a complex issue. Every person is
unique and has a different mindset, behaviour and preference in regard to their habits and
determining factors for Internet usage. To some extent, these determinants are demographically
related and a generational question as the expectations for what to expect from a broadband
connection varies; thus what is limiting. Millennials that have grown up with broadband and
consume close to all their entertainment and communication, and in some scenatios even
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education, over the Internet are more dependent and react whenever their connection is not fully
functional. Older generation are more likely to simply just try an hour later. (Aveskog, 2016)

Figure 12 represents the results to the question: “Why has your housebold chosen the Internet access
technology youn mainly use today?” asked in the “Survey of Individuals 2015 (PTS, 2015¢) and reveals
that the most frequent reason, 28 %, is that they do not wish to be limited by a data cap. The two
succeeding reasons are low cost, 22 %, as well as requirement for higher speeds, 21 %.

Why has your household chosen the Internet access technology you mainly use today?
Multiple answers possible
0% 5% 10% 15% 20% 25% 30%
Do not want a limitation of data usage TETEETETEEEEEEEEEEEEEEEEEEEEEEEE—  28%
Want a low cost I 22%
Use of services that require faster internet speeds IEEEEEEEEEEEEEEEEEEEEEE———— 21%
Can not get anyting else TEEEEEEEEEEEEEEEEEEEEN——— 20%
Got a package deal which included internet ITEEEEEEEEEEENEEEEEENEEEE  18%
To use the same subscription outside the home I 6%
Other reasons IEEEEEEEE————— 11%
Do not know mEEEEEEEEEE————— 12%

Figure 12. Adapted question from "Individundersikningen 2015". (PTS, 2015¢, p. 8)

The reluctance for a data cap is a determinant acknowledged by Fransén (2016) as well, as she
draws the parallel to mobile broadband that today are limited to a preset amount in Sweden. If the
user is a frequent consumer of online video, the included amount is seldom enough, in which case
fixed broadband pays off. Noteworthy is also that cost to transfer data, GB/kr, over the mobile
network is more expensive than over the fixed. However, as attested by Aveskog (2010),
accessibility is the most tangible factor when debating what and when broadband connections feels
inadequate. Since there is no omni-presence it is not uncommon that the question of Internet
access is taken into consideration when for example prospecting on a summerhouse.

What connection type and broadband speed would suffice for each consumer is a transparency
that more and more ISPs are embracing, partially at the request of PTS (Fransén, 2016). ISPs
provide a template of stereotype users that the customers can relate to, or they occasionally have
the possibility to enter their usage patterns of what services they use and how much and are
thereafter given an estimate and recommendation of what subscription to choose. Fransén
continues and acknowledges that the general demand for faster speeds is increasing despite
improved transparency as many new services aggregate a larger load. But also that community
services will imply a greater aspect of security that must be considered.

Without being influenced by one another, both Aveskog and Dahlstrand made the analogy of how
subscribing to broadband is similar to purchasing a car. Aveskog (2016) discussed that this must
be because the consumers value other aspects than merely having a vehicle as a means of
transportation, since they apparently are willing to pay for more. Who needs a Ferrari to get from
A to B? Dahlstrand connects back to his press release statement and continues with:

“The Model T is 10Mbit [...] but of conrse, you still want a Tesla. I still want 50Mbit or 100Mbit.
[-..] we have passed this level a long time ago. There's no 10Mbit left. You have passed the level where
the needs are met. |...] you can go to the summer house; you can go to the mountains. Y ou can do all the
stuff with your broadband today but still people want this Tesla.” (Dahlstrand, 2016, t:22:04-23:07)
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Aveskog (2016) stated that the sense of when you are online and when you are not, is a distinction
that we today realize less than before. Some groups have already begun to view Internet as a
commodity; a necessity for our everyday lives. That means we expect our broadband connection
to fully function and enable us adequate access to the Internet for any task, service or kind of
entertainment we might want to use. A commodity like electricity or water, that unless inaccessible
we never reflect on anything other than them meeting your needs. We are able to turn the lights
on, watch television, do the dishes, take a shower et cetera. Thereby, Aveskog means that the
broadband market will become standardized. What matters for the consumer is that their
connection meets their needs in terms of data limit, cost, accessibility, stability, latency and
available bandwidth.

Core Conclusion:
Sense of being limited due to: Accessibility, stability, data

limitation, available speed, latency
(Broadband market heading toward standardized commodity with high-quality accessibility)

_027 -



5 Discussion

This section discusses the results and draws parallels to the theoretical framework as to why and what the projected
outcomes are due to be.

In the ever-changing area of digital communication and internet consumption, understanding
tomorrow is vital. Emerging trends, redefined possibilities and changing behaviour leads to new
challenges that must be taken into account and tackled for any actor on the broadband market.
Therefore, creating a projection of the future becomes highly relevant and necessary as a
continuous investigation to always remain aligned with the digital development. Based on the
theoretical framework of technology and internet adoption together with the technological
development of infrastructure and services, this report aims to answer the research question on
how fixed broadband will be used in Swedish households in the near future of 3-6 years.
Hereinafter follows a discussion from the perspective of each respective sub-question which will
interweave a projection of Swedish households’ broadband requirements.

5.1 Sub-questions

5.1.1 The evolution of services
What Internet services do consumers use today? How will these change and/ or what new services will be available
to broadband consumers in 3-6 years? How will they affect residential broadband requirements?

Internet usage is steadily increasing. There is an increasing number of users and applications,
leading to a digitalization and highly integrated connected society. Internet is used to communicate,
tind information, for entertainment and for work. The applications and possibilities stretch to new
areas and have proven to be useful tools for societal growth. A potential that has led to
governmentally set goals for an even broader coverage of high-speed connections in order to
stimulate further economic growth and meet consumer demands.

As the results reveal, entertainment and more specifically Internet video, is the most dominating
Internet application. Both in terms of bandwidth requirements and data usage but also in time
used. On-Demand access through the Internet stimulates more viewings as it lets the users choose
when to watch, not having to relate to a specific broadcast time. New actors niched toward VOD
content emerge as well as traditional media houses and TV channels making their content
accessible On-Demand. All of these trends, along with Internet video consuming large amounts
of bandwidth, pushes the requirements of the household broadband to new heights. Combining
broadband utilization of multiple simultaneous applications and services, and particularly Internet
video, creates a previously unseen demand that must be met to ensure consumer satisfaction.

However, we also see a clear transitioning of more and more services and applications becoming
digitalized and thus adding new aspects to what is required from a broadband connection.
Communication (social media, VoIP calls, IM etc.) is already well integrated but, as stated by
Dahlstrand, a primitive need most humans have which will lead to even further market
exploitation. Community services, banking, healthcare, education are other areas on the rise.
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5.1.2 Consumer behavior
How is broadband mainly used in Swedish housebolds today and how will this bebavior change in the near future,
3-6 years, considering services avatlable, devices used and customer segments?

Motives and determinants that help describe Internet and broadband adoption were introduced
earlier; Flamm & Chaudhuri and Tsai & LaRose’s investigations (chapter 2.3), from which income
and education as well as price, habit strength, observational learning and enactive learning were
identified as strong determinants. These findings, together with results from the interviews and
data gathered align well with the belief structures of MATH. Even though MATH is constructed
from the perspective of PC usage in households, it is yet applicable to the extension of tablets,
smartphones and other devices connected to the Internet as these are closely connected and apply
a similar usage behavior.

Fixed broadband adoption in Sweden is already fairly comprehensive (66 % in 2015), and a positive
Attitudinal belief will contribute to further expansion as those who do not already have an active
connection are able to gain something from adopting. By gaining access to applications for
personal use that enhances effectiveness of household activities such as cooking, cleaning or other
do-it-yourself activities in the household, the consumer can easier interact with people with
experience, general solutions or tips and tricks. The Internet is, as clearly explained above, a
massive source of entertainment of all imaginable types with far greater possibilities than traditional
alternatives.

Sweden is a country with comparatively high income and highly educated population which bodes
well for further Internet and broadband adoption. Together with Normzative beliefs such as secondary
sources; that is external influence made by TV, newspapers and media, which for example Fransén
made clear did have a sizable impact on peoples’ choices, pave the way for even further growth.
Additionally, as seen in Figure 3 the general knowledge of computers and IT is predominantly
positive and therefore meets the Control belief of requisite knowledge in MATH as well.

However, even though Sweden does not have an adoption rate higher than 66 % on fixed
broadband, all three of Dahlstrand, Aveskog and Fransén believed technology adoption in Sweden
has been fixated. That studying adoption was more adaptable when studied 20 years ago. In that
case, MATH itself could be considered outdated, as today, it is more relevant to study what
applications are adopted to and begin utilizing the Internet rather than the other way around. As
the results reveal, more and more services are already transitioning and made available online
including those that traditionally were conducted offline, such as community services like banking,
income tax declaration, healthcare etc. Thus MATH has proven to support adoption
understanding up until today but needs revision and completion for future studies.

5.1.3 Consumer view of broadband
How do consumers view their residential broadband connection? What determines the broadband of choice? And

As Internet becomes more and more integrated into our everyday lives, the technical specifics tend
to matter less. Internet infrastructure is becoming the foundation on which all our applications are
based upon. Entertainment, communication, community services and more is transitioning toward
the global web. When Internet first emerged it was slow, expensive and had a short reach. Today,
the infrastructure is being heavily invested in and expanded with ambitious governmentally
orchestrated goals for broadband growth. A growth that leads to cost-efficient, high-quality, next-
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generation broadband connectivity for Swedish households and businesses. With an increased
integration and spread of broadband, digitalization along with a behavioral and attitudinal shift,
broadband is becoming, similar to water and electricity infrastructures, a new commodity and basic
utility. A foundation and necessity upon which our society relies.

As explained eatlier, the transparency for what type of connection to choose, as a measure to
increase awareness, is today more common through ISP guides and recommendations. But these
often exceed the level of actual need according to Dahlstrand (see 0). Even so, the subscribed
connections continue to rise in speed (will be further discussed in 5.2), as apparent in Figure 7. A
possible reason is the general lack of understanding for how much bandwidth various Internet
applications actually consumes. Aveskog used the example of an acquainted who is a major
consumer of Netflix. “If I ask her: Do you have any idea of how many Mbps you consume while watching
Netflixc? Do you hence have any idea of which broadband subscriptions you should get, depending on whether yon
are watching simultaneously with your children or not. No, she just assumes it works. [...] There is no correlation
between 100Mbps and her usage experience.” (Aveskog, 2016, t: 53:28-53:58) Even though this could be
considered an issue from the customers’ perspective when tasked with choosing a broadband.
Aveskog believes this perception will become even more blurred in the future along with that the
specifics of broadband will matter less. Similar to water or electricity, consumers will wish to utilize
the commodity but few will mind how the infrastructure is built, how it is delivered, at what speed
or through what connection type it is made available. What matters is that it works and meets each
household’s needs.

If broadband were to transition into something commonly viewed as a commodity (electricity,
water, gas et cetera, where the consumer pays for what they consume) how would that affect the
market? Broadband complexity and lacking understanding of what various types of connections
correspond to, together with consumers wish to not feel limited, boils down to the consumers
simply wanting their connection to function. You get broadband. A connection that can be
expected to fulfill the consumers’ needs and enables them to conduct any activity of their choosing.
The broadband market would be normalized and offer a broadband service that would suffice for
the vast majority and cover their behavioral trends and usage patterns. Shaping the market in that
way would benefit and provide worth for both ISPs, but mainly consumers (Aveskog, 20106) as
understanding the technology would not be a requirement for choosing a suitable subscription.
Aveskog believes not having to debate this issue will hold worth for the consumer and ease their
decision-making process. Both Dahlstrand and Aveskog further believes that a normalization
could even become regulatory, and that PTS may conduct an investigation to identify a Swedish
broadband, determining what the mean individual requires in terms of speeds, latency and
uppermost, availability.

5.2 Broadband speed trend well over estimated
requirement — why?

5.2.1 The “car-analogy” — the wish for more than necessary

When comparing results from Table 2 with the data compiled in Figure 7, there is a clear deviation.
Subscribed broadband speeds are heading toward considerably higher levels than what seems to
be necessary. Possible reasons for this trend could either be as discussed in 5.1.3, due to a lack of
individual understanding, causing the consumer to subscribe to more than necessary. Or, as
multiply encountered (Aveskog, 2016; Dahlstrand, 2016; Nyberg, 2016), best described as the “car-
analogy”. The car is essentially a vehicle with four wheels and an engine used to get from A to B.
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Today all cars are ensured secure and fast enough for the driver to drive according to the speed
limit. However, there is a wide differentiation and assortment to choose from when about to
purchase a car. In many cases, the consumer tends to purchase a car that exceeds the actual
requirements of planned behavior, a high-end or premium version of the basic need. The
consumer will most likely drive just as fast and not gain any practical advantage with the high-end
choice, yet is willing to pay. There is hence an impetus for more than necessary. This could also
be the case when subscribing to broadband. Even though the customer won’t require more than
a specific bandwidth, s/he still selects the premium alternative. A noteworthy difference is
however the visibility and physical appearance of a car in contrast to the abstract broadband. A
more extravagant car with a premium brand radiates a status that broadband, if transitioning into
a commodity, will most likely never achieve. No one will want to market their household
connection to friends and family in the same manner as a new car.

Selecting the premium alternative will of course most unlikely be the average choice. Only a minor
percentage own a high-end car, and similarly few have chosen to subsctibe to the fastest available
broadband connections. Hence, there will always be a differentiation where a minority of power-
users select the premium alternative while the vast majority’s need is covered by a less powerful
alternative.

5.2.2 Pursuit for faster broadband speeds

After Dahlstrand’s statement regarding 10 Mbps being sufficient for any one single service, one of
the respondents answered that his newly subscribed 1 Gbps gave him the best experience he had
ever had before, the “car-analogy” might be able to clarify his experience. As streaming high-
resolution video is the most bandwidth consuming service which itself, today, only utilizes a
maximum of around 30 Mbps, either this particular individual experienced a placebo
improvement, or requires a superfast connection for heavy file sharing. Having a faster connection
makes the consumer’s experience more responsive with shorter delays and does thus provide
worth even though the entire capacity may not be utilized. Noteworthy is however, that this value
is only apparent for a small number of applications and events, such as downloading large files.
Events that must be completely finished before the user can continue. Surfing the web, streaming
music or video, reading emails and many other common activities done online does not require
more bandwidth than around 30 Mbps, see Table 2. Estimation of required bandwidths.
Nevertheless, subscribing to a higher capacity broadband seems to boost the experience even
though the consumer most likely will not change behavior nor utilize the full bandwidth available
as this implies a feeling of contentment.

Nielsen’s Law, as introduced in chapter 2.4, has until today been a reflection of reality in terms of
predicted Internet bandwidths for power-users. If it were to remain so, Aveskog’s belief above
(chapter 4.3) holds much reason. Speed of broadband will continue to rise and consumed
bandwidth as well and according to Nielsen’s prediction surpass 1 Gbps within 4 years, 2020. As
is already seen 1 Gbps in the offering of ISPs in Sweden, this is not at all unlikely. Even so, 1 Gbps
would suffice to run 19 simultaneous video streams, each consuming 57 Mbps, which seems
questionable. But prospecting 5 years further according to Nielsen’s Law reveals that the power-
user will require as much as 9.7 Gbps. This is even more improbable as that connection would
suffice for 71 simultaneous video streams, each consuming 136 Mbps (see Table 3).

Compiling these predictions with the findings from Table 2 and Table 3 gives us Figure 13. What
Nielsen’s Law forecasts is clearly heavily exceeding the forecasted requirements for video
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bandwidth and expected demand. Even so, the future broadband requirement will most likely fall
between these predictions; the greyed area in Figure 13.

Mbps Possible broadband speeds
10000
1000
100
10 i
1
2015 2020 2025
e |dentified demand Compressed video bandwidth requirement

Power-user demand (Nielsen's Law)

Figure 13. Possible broadband speed fallonts.

Due to this seemingly excessive available future bandwidth, one might question Nielsen’s Laws
longevity. For how long can Nielsen’s estimation be considered when prospecting future
bandwidth? A group of broadband experts at ARRIS Enterprises, investigated this matter and
found that unless altered, Nielsen’s Law might not be applicable in 5-10 years. Main reasons for
this conclusion were that as the Law applies to power-users whose bandwidth demand is far greater
than the common user whose bandwidth demand increase is almost half of what the Law predicts.
But also since UHD resolutions approaches the limits to what our eyes can perceive, high
resolutions than so will thus not enhance the experience and therefore be unnecessary. Unless no
new Internet based application or service emerges within a 3-6-year future that requires
significantly more bandwidth than high-resolution video, Nielsen’s Law will most likely diminish,
steadying the required need for bandwidth.

5.2.3 Possible future heavy bandwidth drivers

The most significant bandwidth driver seen today is, as mentioned above, Internet video. Further
development of Internet video to better quality and higher resolution is what is forecasted and
discussed above, including correlated estimations of possible bandwidth requirements. However,
with the emergence of future services we might encounter broadband and bandwidth requirements
never seen or experienced today. These are services that are still being researched rather than
developed and unclear whether, and if so when, they will reach the market. Cloud-based storage is
a trend that has already begun to emerge but still, to some extent, requires local storage on the
consumer end. If developed further, enabling complete cloud storage, the broadband requirements
would likely increase significantly as files would have to be instantaneously accessible by the
consumer, similarly to how local storage functions today. Cloud-based applications and software,
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where all computing and execution is done in the cloud and accessible by the user solely through
their broadband connection would also drive requirements to new heights.

The next stage for digital video is projected to be 3D and holographic content. This type of content
are more complex than current 2D video solutions and would include more information to be
carried over a connection. If these were to become mainstream bandwidth requirements would
most likely exceed any levels seen today, thereby pushing the necessities of a broadband
connections further. The possibility for a social media, Flickr-like, repository for 3D content was
discussed by Zhuang, et al. (2013) and projected to require up to 150 Mbps. A level that aligns
with findings in Table 2. Estimation of required bandwidths.

5.3 Recommendation for ISPs

That Internet access is becoming more of a commodity with increasing demand for Internet
connectivity, rather than a supplementary service is a positive sign for ISPs. Thus, possibilities to
monetize increased connectivity demand emerge. But the market is still highly competitive and
Internet consumers are the desirable customers. To acquire more customers and gain market
shares, ISPs must strive even more with differentiation. It is important to protrude by pressing on
strengths and USPs. Listen to what consumers demand from their subscription and aim to exceed
these expectations. Using broadband should be seamless and unhindered. That the connection is
fully functional and meets the consumers need is of great importance; stability, availability and
simplicity is key when offering broadband. Thereby, simplification of the wide range of various
available broadband types today is preferable. Repackaging the product range with more
transparency, would create a more understandable deal to the average customer.

The thesis has also shown that unlimited data is one of the strongest strengths for fixed broadband.
Thus, this factor ought to remain since consumers want to feel at ease during broadband
consumption and not be concerned about filling their data package.

When subscribing to a fixed broadband connection as a private person, the connection is bound
to the limits of the household. But in terms of availability and differentiation, this traditional way
of offering broadband seems rather limiting. Why should a subscriber to any given ISP only be
able to utilize their subscription in the confinement of their own home when the same ISP offers
infrastructure to many more places? If there is available infrastructure, why is the customer limited
to their own home? This opens the idea of a comprehensive restructuring for how fixed broadband
could be offered. Instead of connecting each respective household, ISPs could offer connectivity
to properties, areas and neighborhoods. Any given subscriber should furthermore be able to use
their subscription at an entirely different location as long has the ISP has existent infrastructure in
that area. Reforming the service range this way would create a strong differentiation toward
competitors and most likely be appealing to customers. Both in terms of acquiring new customers
but also, due to increased possibilities and availability of the connection, increase the customers’
willingness to pay a higher fee.

If assessed as profitable, packaging a standardized broadband alternative as mentioned above in
5.1.3 — A Swedish broadband — would likely benefit the customers. An alternative like this would
correspond to subscribing to power and water contracts and thereby realize the idea of broadband
being viewed as a commodity. The consumer would simply have a broadband connection available
in their household that would suffice for all imaginable activities and never have to mind specifics
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such as speed, transferred data or any other factor that today must be considered before signing
the deal.

A threat that must be addressed is the risk for consumers utilizing their connection to its limits.
The current business model is built upon overbooking where all consumers subscribe to a given
speed and available bandwidth, enabling them to consume a predetermined amount. ISPs must
thereby ensure that their infrastructure and services will suffice despite usage. But if projected
usage would drastically change and consumer would suddenly begin utilizing their subscribed
connections to a much larger extent, the infrastructure might not hold. Consumer usage today is
seldom maxed out which thereby allows for overbooking. But it raises a risk that must continuously
be addressed to ensure stability and service uptime. Especially since we might see a standardization
on the broadband market where Internet connectivity becomes a foundation upon which our
society relies.

5.4 Method criticism

The area of broadband connectivity is wide-ranging with numerous possible approaches. Due to
this, a challenge is to balance limiting the scope without losing significance for being too narrow.
Therefore, the research questions are debatably too broad for what this thesis includes.
Alternatively, the research could have delved deeper into areas such as price points, transmitted
data and self-compiled projections based on available statistics.

The semi-structured format and broad interview questions provided a wider perspective on the
entirety of what the interviewees thought upon the future of household connectivity. Asking open-
ended questions contributed to shaping the scope of the research as the interviewees’ insights were
assessed as valuable to identify what part of broadband connectivity needed emphasis. However,
the answers gathered almost differed to a point where comparison became somewhat farfetched.
The interviews could thereby have been better structured with more straightforward questions and
thus demanded more direct answers.

When the interviews were held, the research question and supporting sub-questions were not
entirely set. This caused deviations in the questions that otherwise might have been caught and
thus ensuring better interview answers. The same applied for the other parts of the thesis. As the
initial perspective and scope of research was broad, the thesis first began to shape and take form
during the process itself and was truly defined during discussion. If a clearer objective would have
been set from start, the outcome would likely too have become clear.

Selecting a more diverse group of interviewees and mainly extending the group to more than one
representative from one of the major ISPs in Sweden would have shaped a more unbiased result.
Despite the interviews being structured solely around household consumption and estimated
behaviors, having responses from more than just one of Sweden’s ISPs would have generated a
more general result and thus become more credible.
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6 Conclusion

Internet will serve as a basic foundation and utility for future economic growth. This is an
undeniable fact for Sweden and most likely for the rest of the world. As everything becomes
connected, service uptime is vital and forces service providers to ensure functionality. On such a
founding and societally dependent market, ISPs must continuously strive to perfect their offering
to fulfill customers’ needs. This thesis has tried to foresee how a possible future might be
constructed and what requirements are to expect on tomorrows household broadband
connections. What type of applications and services will households utilize and what requisites will
these demand from the connection of choice? The thesis found that a continuation in fixed
broadband speed development for households is to be expected. One that however, will most
likely wane within 10 years as development further than that will heavily exceed any imaginable
future bandwidth utilization. Furthermore, the factors of most significance for tomorrow’s
household broadband user is the stability and functionality of the service. The thesis has shown
that there is a lack of understanding of the correlation between various Internet-based activities
and what these demand from a broadband; users simply expects the connection to suffice for their
usage behavior and thus do not want to feel limited. These findings led to the reasoning of
broadband being more commonly viewed as a commodity and not as an additional service and
also introduced the idea of a normalized broadband, comprehensive enough to suit the vast
majority of fixed broadband users in Sweden.

6.1 Further research

Given that the area of broadband connectivity is continuously developing there is always a
necessity for updated research. This thesis had a scope of 3-6 years which thus requires a later
corresponding research within 4-5 years for the thereafter succeeding future. As a part of
delimitations this thesis was tapered mainly toward the perspective of speed and bandwidth in
fixed Swedish household broadband connections. However, there are numerous other angles in
need of investigation as well.

Pricing will always be of great interest and significance for both an ISP as well as for customers.
Conducting a study on what price points are most relevant and how to package and offer
broadband to maximize revenue for ISPs while meeting the needs of customers will always remain
a necessary approach. One such, adjacent to differentiation through speed, is transmitted data. In
Sweden fixed broadband connections are differentiated by speed of the connection (hence this
thesis perspective), meanwhile mobile broadband connections are mainly instead differentiated by
a limitation in data consumption. Offering fixed broadband with limited data instead of connection
speed is already in play in other countries (in America, Australia and Spain for example) which is
therefore also an interesting approach for possible future outcomes.

Another possible approach could be a comparative study investigating differences between
household and business requirements. How significant the respective demand might be. Or what
characteristics is of highest importance for the broadband connection.

Finally, an exploratory research concerning the infrastructures expansion and distribution would
be of relevance. Who owns the network? What will the future bring? Might the infrastructure
consolidate or nationalize?
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8 Appendix

8.1 Interview questions

Intervju i samband med examensarbete

Undersokningen avser fast bredband i hemmet och “Internet” dr avgrinsat till enbart méjligheten
att koppla upp sig mot Internet och avser inte infrastrukturen utanfér hemmet eller tilliggstjanster
pa bredbandsabonnemang.

Nuvarande fragestallning:

How will fixed broadband be used in Swedish households in the near
future, 3-6 years? And what determinants could affect a possible shift in
comparison to usage today?

Underfragor:
The evolution of services

Which are today’s major Internet based services? How will these change and/ or what new services will
be available to broadband consumers in 3-6 years? How will they affect residential broadband
requirements?

Consumer behaviour

How is broadband mainly used in Swedish households today and how will this behaviour change in the
near future, 3-6 years, considering services available, devices used and customer segments?

I Sverige har vi 99,95% tickning av bredband, varav 87% har mojlighet till 30Mbps Internet och
67% 100Mbps Internet. Sverige dr idag 1 framkant globalt sett.

Hur ser fortsatt utveckling ut? / Var dr utvecklingen pa vig?
Kommer regeringens mal (2020: 90 % av alla hushall och féretag tillgang till minst
100Mbps. Malet f6r 2015 redan uppnitt) uppnas?
® Av vilka anledningar/motiv tror du vi anvinder Internet?
o Fyll girna i tabellen pa sida 3.
e Vad kommer Internet att anvindas till?
0 Vad anvinds bredband till idag som inte kommer anvindas imorgon?
0 Vad tror du hushallets bredband frimst kommer anvindas till imorgon?
o Kommer vi se en forindring 1 beteende och anvindande inom den nirmaste
framtiden?
e Nir kinner sig anvindarna begrinsade?/Vad anses vara en tillricklig hastighet?
O Hur har detta utvecklats 6ver tid? Vid vilka hastigheter har Internetanviandare
upplevt sig begrinsade av sin uppkopplingshastighet 6ver tid?
o Vilka tydliga trender / tekniska mojligheter férvintas paverka vilken hastighet som
anses vara tillricklig for att anvindaren inte skall kinna sig begransad.
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e Vilka faktorer/tjanster kommer paverka/stilla hogst krav pa bredband?
Bredbandskollen (Rickard Dahlstrand) pistiedde att ingen behéver mer in 10Mbps.'

Communications Chambers (BSG) kom fram till att mediana bandbreddsbehovet dr 19Mbps

20232

ACG Research havdar att 4K pa storre an 40 tum kriver ZOMbps.3

Netflix rekommenderar 25 Mbps fér UHD streaming.*

Rapport frain NYU (New York University) 2013 om mojliga kommande tjanster som kan komma

att kriva mycket mer 4n s, upp emot 150Mbps.’

e Vilken hastighet kommer behévas i svenska
hushill om 3-6 ar?

18-35 ar, 1-2 personer (Lyssnar dagligen pa music,
streamar YouTube och Netflix, online-spel)

- Har ex. en dator, en smartphone, en platta
35-55 ar, 3-5 personer (Musik, Netflix och andra
play-tjanster, mobilspel)

- Har ex. en smart-tv, 2 datorer, 4 plattor, 2
smartphones
>55 ar, 1-2 personer (Digital tidning, enstaka play-
tjanster, mobilspel)

- Har ex. varsin platta, en dator

Varfor ser behovet ut pa detta sitt?

Procent
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40%:
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10%

0%

2007 2008 2005 2010 2011 2012 2013 2014

< 2 Mbit/s = 2-10 Mbit/s 10-30 Mbit/s
¥ 30-100 Mbit/s ® == 100 Mbit/s

® [ manga fall abonnerar konsumenten pa hogre hastighet dn behovt. Kommer detta

torindras, i och med storre medvetenhet och kunskap, férindrat behov mm.?

® Vad ir styrkorna med just fast bredband? / Varfér kommer konsumenter vilja fast

bredband?

o Kommer fast bredband bestd i hemmet? Finns det ett lingsiktigt intresse/behov?

Jal

! https:/ /www.iis.se/blogg/dags-igen-att-kanna-bredbandssverige-pa-pulsen/

2 Domestic demand for bandwidth An approach to forecasting requirements for the period 2013-2023

? Forecast of Residential Fixed Broadband and Subscription Video Requirements

4 https:/ /help.netflix.com/sv/node/306

5 Future Internet Bandwidth Trends - An investigation on current and future disruptive technologies
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MATH - Model of Adoption of Technology in Households

Belief Est. impact
structured Core constructs Definitions (0-5)
Attitudinal Applications for personal “The extent to which using a PC enhances the
belzefs use effectiveness of household activities” (Venkatesh &
Brown, 2001, p. 82).
Utility for children The extent to which using a PC enhances the children’s
effectiveness in completing homework and other activities
(Venkatesh & Brown, 2001).
Applications for fun “The pleasure derived from PC use” (Venkatesh & Brown,
2001, p. 82). These are specific to PC use, rather than
general traits (see Webster & Martocchio, 1992).
Status gain The increase in prestige that coincides with a purchase of
the PC for home use (Venkatesh & Brown, 2001).
Normative beliefs Friends — and  family “The extent to which members of a social network
influences influence one anothet’s behavior” (Venkatesh & Brown,
2001, p. 82). In this case, the members are friends and
family.
Secondary sources' The extent to which information from TV, newspapet,
influences and other secondary sources influences behavior
(Venkatesh & Brown, 2001).
Control beliefs Fear of technological The extent to which rapidly changing technology is

advances

Perceived ease of use

Requisite knowledge

associated with fear of obsolescence or apprehension
regarding a PC purchase (Venkatesh & Brown, 2001).

The degree to which using the PC is free from effort
(Davis, 1989; see also Venkatesh & Brown, 2001).

The individual’s belief that he/she has the knowledge
necessary to use a PC. This is very closely tied to the
concept of computer selfefficacy (Compeau & Higgins,
1995; see also Venkatesh & Brown, 2001).

41 -






