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ABSTRACT

Ever since the first telegraph, a technology management challenge has existed to expand
the availability of communication services farther into rural and unserved areas, while
maintaining the affordability of those services to residential users. Over the years, that challenge
has transformed from telegraph to broadband communications or high-speed Internet access.
The challenge of affordable expansion of broadband services is seen all across the United States
including the Commonwealth of Kentucky.

This study examined the extent to which community and provider-related supply and
demand factors among last mile residential fixed broadband service areas impact the non-
promotional advertised price of last mile broadband service throughout the 120 counties in the
Commonwealth of Kentucky. The potential factors included population density, unemployment
rate, provider count, broadband availability, middle mile, actual broadband speeds, technology
deployed, provider type, maximum advertised download speeds, and maximum advertised
upload speeds, with a goal to reveal if any have a correlation to the actual price of broadband
seen by end users. In addition, this study attempted to create a model based on the significantly
correlated factors.

Utilizing Pearson correlation and multiple regression analysis, this study found five
variables with a significant correlation to the dependent variable, price per megabit, including a
slight negative correlation with the count of middle mile providers, slight positive correlation

with the technology deployed, slight negative correlation with the provider type, strong negative
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correlation with the download speed tier, and strong negative correlation with the upload speed
tier. Finally, a model was created to predict the price per megabit of broadband with three
variables, technology used, provider type, and a joint variable representing the download and

upload speeds tiers.
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PREFACE

My interest in broadband and technology expansion has existed for most of my life. For
more than two decades, I have been able to pursue that interest professionally, including efforts
over the last fifteen years to expand broadband coverage in rural areas of the country. Most of
that work has focused on access to broadband and the barriers to broadband expansion, not the
actual price of broadband seen by the end users.

This dissertation has allowed me explore an area where more research is needed,
applying technology management concepts to the field of broadband to consider how various
supply and demand variables impact the price of last mile fixed broadband service to residential

users.
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CHAPTER 1

INTRODUCTION

Since Samuel Morse created the first telegraph in 1844 (Morse & Morse, 2014), a
challenge has existed to find ways to expand the availability of communication services further
into rural and unserved areas, while maintaining the affordability of those services to residential
consumers. When the telegraph transformed into the telephone, the communications challenge
transformed, but the task of availability and service affordability remained. With the
development of broadband, the communications challenge has transformed again to examine
how broadband availability can be expanded into the unserved rural areas while maintaining the
affordability of residential services. The communications challenge is ever present in the
Commonwealth of Kentucky where 75 of the 120 counties in Kentucky are considered rural
(Davis, 2009).

Broadband technology refers to high-speed Internet access, which is characterized as
being much faster than the traditional dial-up Internet access (Federal Communications
Commission, 2015d). Furthermore, residential broadband service emphasizes the last mile of
broadband, meaning the final component of the larger broadband ecosystem. Last mile
broadband service can utilize either fixed or mobile technologies but generally, uses fixed
services for residential consumers. Fixed broadband service technologies provide broadband

service to a particular location such as a home using wired or wireless technologies. Mobile
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broadband service technologies provide broadband service to consumers on the move and
typically delivered via wireless methods. The purpose of this research was to examine factors
impacting the affordability of last mile residential fixed broadband pricing across the
Commonwealth of Kentucky. Affordability was reviewed by considering ten factors and their
implications on residential broadband pricing. The factors included population density,
unemployment rate, provider count, broadband availability, middle mile, actual broadband
speeds, technology deployed, provider type, maximum advertised download speeds, and
maximum advertised upload speeds.

Broadband expansion requires significant planning and policy considerations.
Challenges surround nearly all aspects of the broadband planning and policy continuum.
Questions exist over the proper technology to use for broadband expansion (Federal
Communications Commission, 2010a), the right amount of bandwidth to offer (Federal
Communications Commission, 2015a), whether it should be managed like a government utility
(Speta, 2003), methods for implementing broadband technologies in a technology and content-
neutral manner (Hahn & Wallsten, 2006), and how differently rural and urban areas should be
managed and regulated (McConnaughey, Goldberg, Neogi, & Brocca, 2013). Each of these
challenges has been addressed at varying levels to date; however, one topic that has not been
challenged is the economic impact of broadband (Ford & Koutsky, 2005; Gillett, Lehr, Osorio, &
Sirbu, 2007; Holt & Jamison, 2009).

Background of Problem

Affordability of residential telecommunications/broadband services has been a

consideration of policy makers, in Kentucky and across the United States, since the

Communications Act of 1934 (1934) and has been reiterated many times including in the
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American Recovery and Reinvestment Act of 2009 (2009). The Act directed the Federal
Communications Commission (FCC) to create a detailed strategy for achieving affordability and
increased utilization of broadband service. The goal of broadband affordability was reiterated by
the Federal Communication Commission’s National Broadband Plan (Federal Communications
Commission, 2010a) by setting a goal of affordable residential broadband service to all
Americans.

Broadband adoption has been connected to economic development by many
organizations. A California-based study looked at whether policies to raise broadband
availability would contribute to the local economic development of a community and found a
positive relationship between broadband expansion and economic development of an area
(Kolko, 2010), though the economic benefits to the residents were more limited when focusing
on the residents alone. Even though Kolko’s (2010) findings lean toward a causation, the
methodology and data cannot definitively identify the cause of the growth. A study of Arab and
emerging countries also found a positive impact on broadband uptake and economic growth
(Badran, 2012). Additionally, Badran (2012) concluded that based on the results, a “one percent
increase in broadband penetration would lead to 0.005% increase in the growth rate of the
emerging and Arab countries covered.” Badran (2012) also noted that competition in the
telecom sector had a positive impact on economic growth.

Agreeing with the importance and impact of broadband, in 2009, the United States
Congress instructed the FCC to develop a National Broadband Plan (NBP) and provided $7.2
billion to expand broadband infrastructure into unserved areas. (American Recovery and
Reinvestment Act of 2009, 2009). The NBP included a plan for the expansion of broadband

infrastructure, a plan for increased use among businesses and organizations, and a strategy for
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affordability among other items. The NBP also included sections on policy reform, adoption
programs, and broadband usage. Furthermore, the FCC acknowledged in the NBP that
broadband was “changing how we educate our children, deliver healthcare, manage energy,
ensure public safety, engage government and access, organize and disseminate knowledge”
(Federal Communications Commission, 2010a).

Among the $7.2 billion in broadband-focused funding provided by Congress, $2.5 billion
went to the Rural Utility Service (RUS) within the United States Department of Agriculture
(USDA) for use in rural areas. In total for the broadband program, over $2.33 billion in grants
and $1.19 billion in loans were made to 320 projects, totaling over $3.5 billion (Rural Utilities
Service, 2013). Of the 320 projects, 297 were for infrastructure build-out (Rural Utilities Service,
2013). As of August 2013, RUS (Rural Utilities Service, 2013) funded projects had deployed
49,255 fiber miles in rural areas across the country.

Much of the funding, federal policy, and planning efforts have attempted to expand
broadband coverage in rural areas. Prior research shows the differences between aspects of
culture in urban and rural areas, especially as it relates to technology. De Blasio (2008) found
that more urban consumers use the Internet than non-urban users. Whitacre and Mills (2010)
found that infrastructure promotion alone fails to address other significant factors such as low
demand and high-cost areas. Many organizations, federal, state, local, and non-governmental,
have initiated efforts to impact broadband availability, adoption, and affordability. Glass and
Stefanova (2012) found that “increasing capacity over existing broadband connections is subject
to substantial economies of scale, but such economies diminish quickly as bandwidth capacity

increases.” (p. 100).
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Some states such as the Commonwealth of Kentucky, are implementing large-scale
networks trying to address last mile challenges and the middle mile pressure point as described
by Glass and Stafanova. Announced in 2014, Kentucky’s middle mile initiative called
“KentuckyWired” is a public-private partnership with a goal of deploying over 3,000 fiber miles
connecting each of the Commonwealth’s 120 counties with fiber connectivity. According to
KentuckyWired’s website, the project will cost over $300 million including approximately $30
million in state bonds (“KentuckyWired,” 2015). Kentucky’s effort is similar to other state
efforts, including Iowa (“ICN,” 2015), Ohio (“OAR.net,” 2015), and Vermont (“Vermont
FiberConnect,” 2015) which all created middle mile fiber networks to address broadband
challenges, largely those seen by end users. These state projects, as with many broadband
projects, have been met with varying degrees of success. For some of the unsuccessful projects,
their failure may be due to inability to identify the correct underlying broadband challenge. In
other cases, it may be due to unidentified challenges.

The FCC released an economic analysis of the broadband gap in 2010, which examined
the network economics of broadband expansion based on various technologies, wired and
wireless (Federal Communications Commission, 2010c). The analysis considered the costs of
expanding broadband into unserved areas in a manner that was feasible for commercial
deployment with a profitable business case. The effort was part of the NBP and indicated $23.5
billion would be required to expand availability to those across the United States without
broadband at typical broadband speeds of the time (Federal Communications Commission,
2010a). The challenge of cost and pricing continues to exist, and researchers continue to seek a

better understanding of the various factors involved.
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As described in the literature review, there are many aspects of broadband technology
and service to consider. This research focused on the pricing of last mile residential fixed
broadband service. Each element in the phrase, residential fixed last mile broadband, provides
an additional layer of specificity. Residential focuses the research specifically on the home users
instead of commercial users. Fixed broadband service providers, meaning those serving a
particular address, eliminates confusion and pricing differences in types of broadband service
providers like mobile. Last mile broadband emphasizes those providers connecting to the end
users instead of the providers connecting to other providers, which are called middle mile
providers.

Statement of Purpose

The purpose of this research was to examine the extent to which community- and
provider-related supply and demand factors among last mile residential fixed broadband service
areas impact the non-promotional advertised price of last mile broadband service among the 120
counties in the Commonwealth of Kentucky. The examination of these potential factors would
reveal if any have a correlation to the actual price of broadband seen by end users. Specifically,
this research focused on determining which of the following factors have a significant correlation
with advertised residential broadband price, including population density, unemployment rate,
provider count, broadband availability, middle mile, actual broadband speeds, technology
deployed, provider type, maximum advertised download speeds, and maximum advertised
upload speeds.

Past broadband research has examined the possibility of usage-based pricing (D. A.
Lyons, 2013), compared policy impact (Piot & Mourad, 2015), measured the cost of connectivity

(Russo, Morgus, Morris, & Kehl, 2014) and evaluated the price of broadband (Greenstein, 2009).
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Additionally, the FCC conducts an annual study examining the cost of broadband (Federal
Communications Commission, 2015¢). Policy disputes have surrounded government’s role in
setting the price (Davidson & Santorelli, 2014). Grubesic and Mack (2016) argue the pricing
variable is an essential element to consider, and its omission from the National Broadband Map
is a “clear and inexcusable weakness” (p. 249) of the map. While national regulation and
legislation impact local pricing information, state policies and legislations may also affect the
pricing of broadband at the local level. The proposed research will take a similar approach to
existing research but add the pricing variable at the county-level across Kentucky.
Statement of Methodology

The research study used correlational analysis between the single dependent variable and
multiple independent variables to assess the impact of a variety of factors on broadband pricing
across the Commonwealth of Kentucky. Pearson correlation analysis and multiple linear
regression were utilized in the analysis. The population was all fixed residential last mile
broadband providers in Kentucky, as identified by the National Broadband Map (NBM) through
its data collection process and updated by the FCC’s annual data collection. The analysis
included only providers with non-promotional advertised pricing publicly available. For the
research, data collection was aggregated to the county level, due to the degree of detail of the
various data sources utilized. The broadband availability data was validated to the census block,
which is a small geographic area, potentially the size of a city block and much smaller than a
county boundary (Federal Communications Commission, 2011a; Jayakar, 2011; “NBM -
Technical Overview,” 2014). County-level analysis eliminated any validation concerns for the

data as census blocks do not cross county boundaries.
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The dependent variable in the research project was the last mile fixed residential
broadband non-promotional price of the maximum advertised broadband speed offered by each
last mile broadband provider identified at the county level. Similar to other studies (Federal
Communications Commission, 2011a; Russo et al., 2014), broadband pricing was analyzed on a
price per megabit to normalize the differences in pricing between speeds and prices. Ten
independent variables and one dependent variable were identified for this research and
summarized in Table 1.

Table 1: Summary of Variables

Variable Name Data Type Description

Dollars per Megabit Interval Represents the price per megabit for the
highest advertised broadband package
(Dependent)

Population Density  Interval Population per square mile throughout the

county based on the U.S. Census Bureau

Unemployment Interval County unemployment rate based on U.S.

Rate Department of Labor report

Provider Count Interval Count of fixed residential broadband providers

Broadband Interval County level broadband availability

Availability

Middle Mile Interval Number of middle mile fiber providers within
the county

Actual Broadband Interval Representation of the adopted broadband

Speeds speeds based on Ookla data

Technology Ordinal Representation of technology type ordered

Deployed based on the cost to deploy

Provider Type Ordinal Identifier as the type of provider.




Maximum Ordinal Maximum speed tier available for download
Download Speeds based on the NBM

Maximum Upload  Ordinal Maximum speed tier available for upload
Speeds based on the NBM

Once data was collected and transformed into a usable format, each set of dependent and
independent variables was analyzed using Pearson correlation coefficients analysis (Warner,
2013) within IBM SPSS software to determine which factors demonstrate a high degree of
association. Multiple linear regression was utilized to assess the impact of each variable on the
overall performance of the dependent variable to analyze the interactions between the
independent variables and the dependent variable. As with any exploratory research, the initial
set of independent variables would likely over-fit the model; therefore, stepwise regression
techniques were utilized to develop more accurately a model that could predict the last mile fixed
residential broadband price across the Commonwealth of Kentucky.

A pilot phase was conducted using the nine north