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This dissertation consists of two parts. Part I includes three empirical essays
on different topics in the field of telecommunications economics regarding telephony
and broadband internet services. Part Il presents an experimental test of a set of
predictions unique to a new behavioral theory, namely salience theory, with respect
to the domain of consumer choice. The common element among both parts is that
we show that not only the price level affects purchase decisions but also the price
structure and price expectations influence consumers’ choices.

Chapter 2, Substitution Between Fixed, Mobile, and Voice over IP Tele-
phony — Evidence from the European Union, co-authored by Amela Saric
and published in Telecommunications Policy, deals with the European telephony
market and its regulation in view of changing consumer behavior towards different
telecommunications services. The drastic changes in the industry landscape since
the 1990s, when mobile telephony became widespread and fixed network incumbents
began providing internet services through the existing copper-based infrastructure,
challenge the viability of the regulatory framework as the competitive boundaries
might have shifted. In this regard, the analysis of the substitution effects between
different types of telephony is the cornerstone of market definition and effective reg-
ulation. This chapter explores the access substitution between fixed-lines, mobiles,
and managed VoIP in a unified EU cross-country framework. Employing a half-
yearly dataset for 20 EU countries for the 2008-2011 period and applying dynamic
panel data methods, the analysis demonstrates strong access substitution between
fixed-lines and mobiles and provides indicative evidence on the substitution between
fixed-lines and VoIP. Overall, evidence is found in favor of access substitution and
therefore of joint market definition. Regulatory obligations imposed on the market
for access to fixed telephone networks might be redundant.

The two subsequent chapters analyze the determinants of broadband internet
adoption with a focus on the impact of tariff diversity, i.e., the differentiation of
broadband plans. Ever since broadband has been identified as a key driver for
economic prosperity (e.g., OECD, 2008; ITU and UNESCO, 2013; Réller and Wa-
verman, 2001; Czernich et al., 2011), substantial efforts have been undertaken by

many governments to promote the deployment and adoption of broadband. To
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achieve the ambitiously set goals, there has been a considerable interest in, first,
carving out the influencing determinants for broadband penetration and, second,
promoting them across countries. While there is a general consensus that the price
level plays an important role, it is from a theoretical perspective less clear how the
price variety, i.e., tariff diversity, influences broadband penetration. However, price
dispersion within a country has been neglected entirely in the empirical literature.

Broadband customers have been used to choosing from a menu of broadband
offerings, varying with respect to down- and upload speeds, contract duration, price
structure and possibly bundled services. Differentiation strategies have broadly
been accepted as legitimate business strategies and were generally not a matter
of policy concern in the past. However, price discrimination has generated a lively
debate and many consumer advocates and public interest groups have reacted with
skepticism against tendencies to move away from flat rates and to introduce greater
tariff diversity (see, e.g., Odlyzko et al., 2012; Lyons, 2013). Contributing to the
ongoing debate, chapters 3 an 4 provide an empirical analysis how tariff diversity
affects fixed broadband penetration.

Chapter 3, The Impact of Tariff Diversity on Broadband Penetration —
An Empirical Analysis, is co-authored by Justus Haucap and Ulrich Heimeshoff
and published in Telecommunications Policy. This chapter provides an empirical
analysis how tariff diversity affects fixed broadband penetration based on a cross-
sectional dataset for 82 countries worldwide. Given that developing countries are still
lagging behind in the digitalization of various fields of society, this analysis focuses
on (technologically) developing countries. This is of crucial importance because their
shortages should first be addressed in order to bridge the digital divide. To measure
tariff diversity on a country-level a detailed dataset comprising over 1000 fixed-line
broadband tariffs is used. An instrumental variable approach is applied to estimate
demand, controlling for various industry and socio-economic factors. The results
indicate that service-related and socio-economic factors affect broadband demand
the most. An increase in tariff diversity provides a significant impetus to broadband
adoption. A positive relationship is indicative of the importance of innovative pricing

schemes in expediting the ascent of broadband internet access.
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Chapter 4, Tariff Diversity and Competition — Drivers for Broadband
Adoption in the European Union, re-examines the findings from the previous
chapter using longitudinal data for European countries as dynamic developments
could not be taken into account in Chapter 3 and the obtained results may not
be applicable to more technologically advanced countries. The empirical analy-
sis is performed using a unique dataset of 10,200 broadband plans spanning the
2003-2011 period and including 23 EU member states. The results confirm that an
increase in tariff diversity stimulates broadband adoption. Demands by some public
interest groups to limit price discrimination in broadband markets (see, e.g., Lyons,
2013) should therefore be viewed with some caution as reduced price discrimination
may come at the cost of lower penetration rates. Regarding the competitive envi-
ronment, the results suggest that facility-based competition is a stronger driver of
broadband penetration than service-based competition. The intention of the Euro-
pean Commission to promote facility-based competition consequently seems to be
the appropriate policy for regulators in order to promote broadband adoption.

Part II of this thesis presents an experimental test of a new behavioral theory. By
assuming context-dependent choices, salience theory (Bordalo et al., 2012a.,b, 2013)
can explain a wide range of decision biases in one theoretical framework, making it
a promising behavioral meta-theory of individual decision making.

Chapter 5, Demand Shifts Due to Salience Effects: Experimental Ev-
idence, is joint work with Markus Dertwinkel-Kalt, Katrin Koéhler, and Tobias
Wenzel and published in Journal of the Furopean Economic Association. We are
the first to test the fundamental assumptions of salience theory with respect to
decision making between two vertically differentiated products: First, a higher ex-
pected price level for the products makes consumers less price sensitive and shifts
demand toward the more expensive, high-quality product and, second, demand for
the high-quality product is only larger if the price level is expectedly high; other-
wise, consumers remain price-sensitive. In the conducted experiment, participants
chose between a more expensive, fast internet connection (the high-quality prod-
uct) and a cheaper, slow internet connection (the low-quality product). In the first

two treatments prices were known and either low (LP) or marked up by the same
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amount (HP). In another treatment subjects were initially unsure about the price
level (UHP) but eventually faced the high HP-prices. Our results strongly support
both predictions by salience theory which neither rational choice nor theories of loss
aversion can account for. We find that (i) the share of subjects opting for the pre-
mium product is significantly larger in HP than in LP and (ii) subjects are less likely
to choose the high-quality product in UHP than in HP. Our findings, for instance,
provide a rationale why suppliers can sustain high margins for premium products
in high price environments where quality is more likely to be overweighted while
prices tend to be disregarded. Moreover, this study highlights the importance of

price expectations for consumers’ choices.
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2.1 Introduction

The national telecommunications sectors have in the past operated as natural mo-
nopolies. State-owned carriers were in charge of maintaining and providing access
to the national copper-based fixed telephone network.! The industry landscape be-
gan changing in the 1990s, when mobile telephony became widespread due to the
deployment of GSM technology. In the same period, fixed network incumbents be-
gan providing Internet services through the existing copper-based infrastructure. In
one of the first liberalization attempts, the US Telecommunications Act of 1996 im-
posed access obligations on incumbent carriers to allow for network interconnection.
The EU followed suit in 1998. Nowadays, wholesale access obligations still remain
in place in most European countries (European Commission, 2014¢). The incum-
bent carriers are required to lease the copper infrastructure to entrants at regulated
(usually cost-based) access prices.

Recent developments in the EU telecommunications markets challenge the vi-
ability of the existing regulatory framework (Briglauer et al., 2011; Barth and
Heimeshoff, 2014a,b). Fixed-line services have been in decline for several years.
In contrast, staunch competition in the mobile sector and the resulting price drop
have advanced the spread of mobile telephony (European Commission, 2013, p. 63).
Broadband coverage is almost universal: at the end of 2013, more than 97% of all
EU homes had access to fixed broadband, 62% of which were covered by ultra-fast
broadband (European Commission, 2014a). The deployment and uptake of (ultra-
)fast broadband provided an impetus for the expansion of VoIP telephony as its

quality critically depends on the underlying connection speed.? If an emerging com-

!The term fixed telephone network is equivalent to Public Switched Telephone Network (PSTN)
and Plain Old Telephone Service (POTS). It refers to the international telephone system based on
copper wires carrying voice data in the form of analog waves. Fixed telephony includes markets for
access, call origination, and call termination on the public telephone network provided at a fixed
location.

2VoIP, or broadly Internet telephony, is a methodology and a group of technologies that enables
the usage of the Internet as the transmission medium for telephone calls. This type of telephony
is digital, i.e., voice signals are translated into binary data instead of analog waves. The data
packets are then transmitted via Internet Protocol (IP). VoIP can be unmanaged and managed.
Unmanaged VolIP (also pure VoIP service, i.e., a peer-to-peer application) is based on a software
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munications service such as VoIP becomes a substitute for the existing ones, the
competitive boundaries might shift, which has to be considered in the regulatory
decision-making.

The European Commission’s ‘Recommendation on relevant product and service
markets within the electronic communications sectors’ has recently suggested that
ex ante access obligations from the markets for access (market 1/2007) and call
origination (2/2007) on the public telephone network provided at a fixed location
can be removed.®> While the decision to discontinue the regulation was in the past
based on meeting the Three test criteria, national regulators are nowadays obliged to
provide evidence that a market has failed the test in order to retain the regulation.
The burden of proof has thus been reversed.* The decision to deregulate is, inter
alia, based on the degree of substitution between fixed-lines and other telephone
services (European Commission, 2014c; FICORA, 2013). The Commission under-
lines that, although both mobiles and VoIP constrain the fixed incumbent carriers,
only managed VoIP is a proper substitute for fixed-lines. This conclusion is based
on the differences in features, contracts, and consumption patterns between mobile
and fixed-line telephony.

Surprisingly, the empirical literature is almost silent with regard to VoIP tele-
phony and its relationship to other communications services. Few existing studies

on VolP examine the traffic substitution and deal almost exclusively with unman-

developed by independent content providers and is not regulated. Typical examples include Skype
and Viber. From the demand side, managed VoIP is nearly equivalent to the traditional fixed tele-
phony. Consumers make and receive calls using a telephone gadget and are assigned a geographic
or non-geographic number. Termination rates for calls to and from managed VoIP are regulated.

3This decision is based on the conclusion that both markets fail the Three criteria test. First,
the Commission argues that entry barriers are no longer substantial, given that market entry is
possible on the basis of leasing the existing or deploying the own infrastructure. Second, VoIP
telephony and mobiles constrain the market power of fixed-line incumbents, with the tendency
toward more effective competition in the future. Finally, if ex ante access obligations are removed,
competition law alone is sufficient to address the remaining market failures.

*Currently, markets 1/2007 and 2/2007 have been deregulated in only a few countries. Ez ante
access obligations have been removed from the market 1/2007 in Finland, Lithuania, Romania, and
Slovenia and from the market 2/2007 in Finland and Romania only (European Commission, 2014c).
The Netherlands and the UK impose limited remedies on the non-competitive segments (single calls
and the ISDN2 and ISDN30 access markets, respectively) of the market 1/2007 (ECORYS, 2013,
p.78).
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aged VoIP, i.e., peer-to-peer applications. However, analyzing managed VoIP, which
is regarded as a possible substitute for a fixed-line due to its similarities from the
demand side, is critical in the light of changed market conditions and the necessity
to redesign the existing regulatory framework. To the best of our knowledge, a
coherent analysis of the access substitutability between fixed-line, mobile and man-
aged VoIP telephony has been absent from the literature. Our paper attempts to
bridge this research gap. We address the following questions: (a) what is the ex-
tent of access substitution between fixed-lines and managed VoIP? (b) and how is
the demand for fixed-lines and managed VolP affected by mobiles? We focus on
access instead of traffic substitution because the former is more relevant from the
regulatory perspective and there is a lack of any empirical evidence on this issue.
We employ a half-yearly dataset for 20 EU countries spanning the 20082011
period and apply dynamic panel data methods. Our main interest is the estima-
tion of own- and cross-price elasticities between fixed-lines, mobiles, and managed

5 Our results

VoIP, which are indicative of the possibility of market power abuse.
indicate a strong access substitution between fixed-lines and mobiles and provide
vague evidence of their substitution with managed VoIP at the EU level. Second,
bundling strategies are essential for maintaining the subscription base in the market
for fixed-lines. Contrary to the Commission’s appraisal, our findings suggest that
fixed-lines and mobiles likely constitute part of the same market. Overall, we find
evidence in favor of access substitution and, therefore, of joint market definition.
Ex ante access obligations imposed on copper-based incumbents might therefore be
redundant. However, in the short-run, national regulators might need to consider

targeted remedies in order to protect the captive group. In this case, the regula-

SMarket power abuse by the incumbent carriers in the case of deregulation could lead to un-
favorable conditions for consumers (European Commission, 2014b, p.21; BEREC, 2014, pp.15-17;
Vodafone, 2014, pp.4-7). This pertains primarily to the captive users, who cannot disconnect from
the fixed-lines due to the lack of alternatives. The reasons for the captivity are twofold. First,
fixed-lines provide access to services which are not compatible with either VoIP or mobiles, includ-
ing fax, alarm systems, remote maintenance and monitoring applications. Second, for technical
reasons, legacy copper-based equipment cannot always be operated by IP solutions, which creates
high switching costs (BEREC, 2014, p.16).
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tory framework must be redesigned in a way that is conducive to competition and
innovation.

The paper is organized as follows. In Section 2.2, we summarize the relevant
literature. Section 2.3 outlines the empirical strategy and describes our dataset.
The results are presented in Section 2.4, before the discussion on policy implications

in Section 2.5. Finally, Section 2.6 concludes.

2.2 Literature review

A large body of the literature explores traffic and access substitution between fixed-
lines and mobiles on both single- and cross-country levels. Studies on VoIP, on the
other hand, are scarce and focus only on traffic-level substitution and unmanaged
VoIP systems. A detailed literature overview is provided in Tables A2.1 and A2.2
in the Appendix.

The first strand of literature analyzes the substitution between fixed-lines and
mobiles on a country level. In one of the pioneering works, Rodini et al. (2003)
employ a binary logit model with a US household survey panel data for 2000-2001,
documenting access substitution between mobiles and the second fixed-line. Making
use of an extended US households survey conducted over the 1999-2001 period, Ward
and Woroch (2004) provide evidence of traffic-level substitution. In a related study,
Ward and Woroch (2010) employ the same dataset and use a US price subsidy for
fixed telephony as a natural experiment in their difference-in-differences analysis.
Their results indicate modest access substitution between fixed-lines and mobiles.
More recently, Ward and Zheng (2012) provided evidence of access substitution in
China, using data for 19982007 and applying an Arellano-Bond-type linear dynamic
panel model. Employing a logistic model with household survey data for 20042009,
Suarez and Garcia-Marinoso (2013) deduce that access substitution between fixed-
lines and mobiles in Spain is driven by the type of broadband access, network effects,
age, household size and, to a lesser extent, price. Karacuka et al. (2011) analyze
the demand for mobile telecommunications services in Turkey. Using operator-level

panel data from 2002 to 2006, the authors document strong evidence of traffic-level
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substitution. The substitution effect is stronger for pre-paid than for post-paid
consumers. Briglauer et al. (2011) utilize a sample of Austrian market-level data
from 2002 to 2007 to conclude that the demand for fixed-line access is inelastic,
while the demand for fixed-line calls is elastic.

The second group of studies employs aggregated cross-country data to explore
the relationship between fixed-lines and mobiles. Garbacz and Thompson (2007)
estimate a fixed-effects model using a sample of 53 less-developed countries (LDC)
from 1996 to 2003. They find that fixed-lines are substitutes in the mobile market,
while mobiles may be considered complements in the fixed-line market. Barth and
Heimeshoff (2014a,b) employ a dynamic panel data approach in a sample of EU
countries, documenting both access and traffic substitution. Other recent studies
focus on the role of broadband technologies in fixed-mobile substitution. Using a
dataset for 27 EU countries for the 2005-2010 and 2005-2011 period, respectively,
Grzybowski (2014) and Grzybowski and Verboven (2016) estimate a discrete choice
model of household demand for ‘fixed-line only’, ‘mobile only’, and both ‘fixed-line
and mobile access’. Both studies provide evidence of fixed-mobile substitution. Fur-
thermore, higher fixed broadband penetration is shown to increase the complemen-
tarity, while the spread of mobile broadband increases the substitutability between
fixed-lines and mobiles. Grzybowski and Verboven (2016) also provide evidence
of an incumbency advantage: a dominant position in the fixed-line market can be
leveraged into the mobile market.

The second strand of literature analyzes VoIP and its relationship with other tele-
phony services. Most studies analyze individual countries and provide scant econo-
metric evidence on intermodal traffic substitution. Cecere and Corrocher (2011)
investigate the usage patterns of mainly unmanaged VoIP services, such as Skype
and MSN messenger, by estimating a probit model in a sample of UK consumer sur-
vey data from 2006.° The authors find that VoIP calls are made more regularly if a

household has not subscribed to fixed-line, while the VoIP usage intensity is unaf-

6In their dataset, Skype is by far the most popular application with 67% of the respondents
using it, followed by MSN (18%), BT /Yahoo! (16%), Tesco (6%), plus Orange (Wanadoo) and
Google (both 4%).
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fected by the levels of mobile subscription. In contrast, Cecere and Corrocher (2012)
use a sample of Italian consumers from 2006 and conclude that mobile telephones
negatively affect the usage of unmanaged VoIP. The usage of other TP services (e.g.,
chat and mail applications), which is associated with deepened IT skills and higher
perceived ease of use, slightly increases the probability of using VolIP applications.
Unlike the two aforementioned studies, Kwak and Lee (2011) use time-series data
from 2006-2009 and employ an instrumental variable approach to analyze the traf-
fic substitution between managed VoIP and other communications services in South
Korea.” The authors conclude that the usage intensity of managed VolP is driven
by VoIP call rates, fixed-line call rates, and network effects, but is not affected by
the pricing of mobile services.

Overall, the literature provides convincing evidence of fixed-mobile substitution
on both an access and traffic level, while the evidence on traffic substitution between
VoIP and other communications services is inconclusive. The latter is partly due
to the relatively old datasets and short time-series. Against this backdrop, our
study is the first to investigate the access substitution between VolP and other
communications technologies. We employ a recent dataset and set up a coherent
framework for the analysis of the substitution between fixed-lines, mobiles, and

managed VolP.

2.3 Model specification and data

2.3.1 Empirical strategy

A number of studies demonstrate that the subscription and usage patterns of tele-
phony services are characterized by path dependence (Karacuka et al., 2011; Ward
and Zheng, 2012; Barth and Heimeshoff, 2014a,b). The reasons for this are twofold.
On the one hand, habits and routines thwart prompt adaptation of consumer be-

havior in the face of changed market conditions. On the other hand, most service

"Note that the validity of the instruments included in this study is debatable if the contract
length exceeds one month.
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contracts are not irrevocable at any time, which precludes their cancellation before
the actual expiration date. Following Houthakker and Taylor (1970), we capture
the demand persistence using the lagged values of the subscription levels. We fur-
ther assume that the subscription volumes are driven by both current and lagged
prices, since the cancellation and subscription decisions might not be immediate.

We specify the demand function for technology K = {fiz, mob, voip} in period ¢ as:

ksubt - f(ksubtfupkwpktfl?pku pkt717Xt>7

where &k € K denotes fixed, mobile or managed VoIP telephony, k,,, is the
demand for k£ measured in terms of the subscription base, pj is the price of service
k, pr = (p | VI € K_y) is the price vector of all potential substitutes of k, and X is
a vector of demand shifters which includes the number of broadband connections,
the number of fixed incumbents’ subscribers in the mobile market, and the monthly
income per capita. Making use of the panel structure of our dataset, we define the

demand for service k in country ¢ at time ¢ as:

ksubit = + Bkksubit_l + Z Wkpklt + Z 5kpkit_1
k k

+ Z Ok X, + 15 + Vi,
k

where 7); represents the time-constant country fixed-effect and v;; is an unobserv-
able error term.

Considering that all contracts begin at different points in time and that contrac-
tual durations vary, we include the first lag of the dependent variable to capture the
average demand persistence. Including a maximum of one lag is a compromise due
to the degrees of freedom considerations. According to the economic theory of a
downward sloping demand curve, the effect of own price on demand is predicted to
be negative. Concerning the prices of other services, a positive coefficient indicates
substitutability, while a negative one is indicative of a complementary relationship.

The impact of fixed broadband is expected to differ across technologies. First,
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Grzybowski and Verboven (2016) show that more broadband connections lead to
complementarities between fixed and mobile telephony, due to incumbent carriers’
ability to leverage their dominant position in the fixed-line network into the mo-
bile market. Second, high-speed broadband ensures a higher quality voice service,
thereby providing an impetus for VoIP adoption. Additional bundling strategies
and the strategic behavior of fixed-line incumbents are controlled for by accounting
for their subscription base in the mobile market.® Carriers active in two or more
markets are likely to behave strategically by maximizing their joint profit instead
of pursuing profit-maximizing behavior in each market separately. This can affect
contract features and, ultimately, the individual demand for services. Finally, higher
incomes are likely to boost the demand for fixed, mobile, and VoIP telephony.
Given our dynamic setup, we apply the Arellano-Bond Generalized Method of
Moments (GMM) estimator (Arellano and Bond, 1991) to address the unobserved
heterogeneity and endogeneity issues. Due to the large cross-sectional but small
time dimension of our dataset, we choose not to estimate a fixed-effects model, as
the demeaning transformation would produce inconsistent estimates (Nickell, 1981).
The first-difference transformation of the difference GMM estimator, on the other
hand, eliminates the time-constant country fixed-effects and therefore captures one
source of endogeneity without leading to inconsistencies. We apply the difference
GMM instead of the more efficient system GMM estimator, as the latter is consistent
only under the assumption of zero correlation between explanatory variables and in-
dividual time-invariant effects (cf. Arellano and Bover, 1995; Blundell and Bond,
1998). Individual time-invariant effects capture a range of unobserved factors, in-
cluding country-specific consumer preferences, geographic characteristics, and initial
infrastructure stock. Each of these variables are correlated with prices and/or sub-
scription levels. For instance, carriers are less able to exploit the economies of scale
in countries with mountainous terrain, which probably affects the pricing of the
telecommunications services. Furthermore, fixed infrastructure stocks in the 1990s

differed substantially across EU countries, which determined future investment and

8 As a robustness check, we separately control for an incumbent’s number of DSL connections,
considering that fixed-line telephony is often bundled with copper-based broadband DSL.
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consumption patterns (Grzybowski and Verboven, 2016; Grzybowski, 2014). The
correlation between explanatory variables and individual time-invariant effects is
therefore likely different from zero, implying that the system GMM would be incon-
sistent.

We estimate the demand using single equation techniques instead of simulta-
neous multiple equation estimators. The main advantage of system over equation-
by-equation estimators is in their efficiency. However, the system estimators are
consistent only if all equations are specified correctly. The improved efficiency thus
comes at a high cost, since the misspecification in one equation spills over to the
estimates of all other equations. Considering that we explore a fairly complex mar-
ket with substantial differences in the underlying technologies, we choose a single
equation estimator which is expected to produce consistent demand estimates.

In our specification, the lagged dependent variable is correlated with the error term
and is thus clearly endogenous. Due to unobserved demand shocks, own prices and
prices of substitutes are potentially endogenous, too (cf. Caves, 2011). In order to
address the endogeneity, we apply an instrumental variable approach. We employ
two sets of instruments: (i) lagged levels for lagged dependent and price variables
(Arellano and Bond, 1991) and (ii) cost shifters for price variables. The latter group
of instruments is valid because costs have no direct impact on subscription decisions,
but influence the endogenous price variables. We use the termination rates as cost
shifters, as they are directly incorporated into the calling prices and are the only
observable cost shifters (cf. Barth and Heimeshoff, 2014a).

Moreover, termination rates are set by the national regulators and are kept constant
until the European Commission approves changes after a new round of regulation.
Hence, they can be considered exogenous. In line with Briglauer et al. (2011), we
include both fixed-to-fixed and fixed-to-mobile termination rates. Since the regu-
latory changes are likely to affect prices with some delay, we employ their lagged,
instead of current, values.

In order to avoid spurious correlations, we test for the presence of a stochastic trend
in each variable. The results of the panel unit root test are presented in Table

A2.3. Fixed-line and mobile subscriptions are stationary in levels and in differences,
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whereas VoIP subscription is stationary in differences only. Since the Arellano-
Bond GMM estimator is based on differences, our specification does not suffer from
spurious correlation problem. Cointegration, i.e., long-term relationship between
the variables, cannot be present either, given that the dependent and explanatory

variables are integrated of different orders (Hamilton, 1994).

2.3.2 Data

Our dataset comprises 20 EU countries from the second quarter 2008 through the
fourth quarter 2011 at six-month intervals.? Our main data sources are: Analysys
Mason and Eurostat. Data on the subscription levels, prices, number of broadband,
DSL, cable, other fixed broadband lines and also mobile broadband connections are
retrieved from Analysys Mason. GDP per capita and the consumer price index (CPI)
are provided by Eurostat, while population density is taken from the World Bank.
Information on fixed-to-fixed and fixed-to-mobile termination rates are from the
‘Progress Reports on the Single European Electronic Communication Market’ and
are supplemented by data from the OECD and the national regulatory authorities
where necessary. Table A2.5 provides a detailed description of our dataset.

The regression variables are defined as follows. Fixed-line demand represents
the number of active analogue circuit-switched retail subscribers, measured as the
number of active channels. Mobile demand is defined as the number of active indi-
vidual mobile connections, including both pre-paid and post-paid users. Managed
VoIP demand refers to the number of active channels of either paid-for native VoIP
services that use a broadband access connection or VoIP services included in a paid-
for bundle with broadband access. Thus, peer-to-peer applications are excluded.
The fixed-line price is expressed as the sum of the access fee and calling price, both
calculated as the average revenues per line. As is common in other studies, we
proxy for the price of mobile telephony by the average revenue per user (cf., e.g.,
Ward and Zheng, 2012). The price of VoIP is calculated as the unweighted average

price of all double-play contracts, which include both a broadband and a managed

9All countries included in this study are listed in Table A2.4 in the Appendix.
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VoIP connection. The measure of the average VoIP price might therefore slightly
overestimate the actual VoIP price.

In our regression equations, each variable is expressed in logarithms in order to
be interpreted as elasticity. The price-related variables are measured in euros and
deflated using the CPI with the year 2005 as the base period. Summary statistics
are presented in Table 2.1 and the correlation matrix between the variables in Table
A2.6.

Table 2.1: Summary statistics

Variable Measured in Mean  Std. Dev. Min. Max. N
fizsup Channels 6939906 8382992 315000 29097000 160
mobgyp Active subscribers 27849168 29826034 1658000 106370000 160
VOIPsub Channels 2055037 4064357 11000 20618000 160
Dfiz Euro 35.20 10.43 12.80 70.44 160
Pmob Euro 23.94 7.99 9.41 47.54 160
Puvoip Euro 38.11 11.01 10.34 74.63 160
bbiines Channels 5921575 7248068.868 299000 26902000 160
MCmob Active subscribers 6524140 11211720 744000 36942060 160
9dppe Euro 6489.83 3139.26  1459.79 12618.30 160
INCysl Channels 3086100 3979930.308 130000 14191000 160
cable/othery, Channels 1103025 857534.809 113000 3864000 160
mobiley, Active Subscribers 1242321 8884263 12057 39115680 160
POPdens Tnhabitants per km? 143.422 113.901 22.516 496.389 160
ftr Euro cents 0.65 0.31 0.01 1.58 160
mitr Euro cents 6.42 2.75 2 18.82 160

Note: All variables are expressed in levels.

2.4 Empirical results

2.4.1 Main results

The Arellano-Bond GMM estimator is sensitive to the lag structure (e.g., Arellano
and Bover, 1995; Blundell and Bond, 1998). Therefore, we estimate two models
with different sets of instruments. In Model A, we include the fourth lags of the

subscription levels and prices. As our dataset is of half-yearly frequency and some
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contracts have a 24-months duration, this specification should not suffer from the
endogeneity problem. Considering that most contracts are shorter than 24 months,
Model B employs the second and the third lag of the dependent variable and the
second lag of price variables as instruments. !’ Estimation results from our baseline
specification are presented in Table 2.2.

Due to the first-difference transformation of the GMM estimator, the residuals
have a moving average structure and are possibly first-order autocorrelated. Auto-
correlation AR(s) of a higher-order would imply that the s-th lag of the dependent
variable is endogenous, and consequently not a valid instrument. For Model A, the
Arellano-Bond test indicates no presence of fourth-order autocorrelation. Hence,
the instruments can be considered valid. For Model B, the test rejects the presence
of autocorrelation of a higher-order except for the mobile market, implying second-

order autocorrelation.!!

We further test for the exogeneity of the instruments by
applying the Sargan-Hansen’s J test. With p-values ranging from 0.33 to 0.68, the
test statistics indicate that the null hypothesis of valid over-identifying restrictions
cannot be rejected in either regression.

The results of the fixed-line demand estimation are presented in column (1) for
Model A and in column (4) for Model B. The lagged subscription volume has a
highly positive impact on contemporaneous demand, implying that a large share of
current subscribers do not cancel their contracts in the next period. The demand for
fixed-lines is therefore path-dependent. The current own-price elasticity is negative
and is within the inelastic range (-0.308 and -0.316). The lagged own-price elastic-
ity is insignificant in Model A but significant in Model B, indicating some long-run
price effect on the demand for fixed-line access. The current and the lagged mobile

prices are positive and significant, implying substitution from fixed-lines to mobiles.

19Qur pricing data shows that, on average, 82% of all double-play offers with fixed-lines and
broadband have a contract length up to 18 months and 72% up to 12 months. Concerning the
double-play offers consisting of VoIP and broadband, 79% of contracts are up to 18 months long,
while 72% are up to 12 months long. Concerning the mobile market, around 50% of subscribers
use the prepaid services with no contractual obligations.

"Given that we apply an equation-by-equation estimation, the fixed-line and VoIP estimation
are unaffected by this potential inconsistency in the mobile telephony equation. Note further that
the estimation results also hold if only the third lag is included. Hence, the bias is probably small.
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Table 2.2: Estimation Results

Model A Model B
, o (2) @ o (5) - ®)
Dep. variable fiTsuby, mobsub;, VOIPsub,, fi%suby, mobsub,, VOIPsub;,
fiTsub, 0.777%** 0.813***
(0.109) (0.068)
mobsub,, 0.436** 0.516%**
(0.195) (0.161)
VOIPsub,, 0.940*** 0.658***
(0.071) (0.084)
Pfix;, -0.308* 0.151* -0.197 -0.316*** 0.140** 0.247
(0.157) (0.082) (0.592) (0.119) (0.072) (0.440)
Pfizy_, -0.246 0.146 -0.412 -0.220* 0.107 0.998**
(0.172) (0.113) (0.404) (0.127) (0.104) (0.497)
Prmob;; 0.268*** -0.220* 0.510 0.234*** -0.264** -0.136
(0.100) (0.126) (0.407) (0.067) (0.109) (0.334)
Pmob;y_1 0.178* -0.020 0.327 0.138* 0.074 -0.616
(0.104) (0.082) (0.326) (0.079) (0.059) (0.402)
Puoip,, -0.018 -0.039* -0.185*** -0.012 -0.033* -0.241**
(0.031) (0.022) (0.064) (0.019) (0.017) (0.109)
Puoip;_, -0.031 0.008 0.081 -0.024 0.015 -0.039
(0.019) (0.020) (0.116) (0.019) (0.023) (0.087)
bbiines,;, 0.031 -0.020 0.222 0.016 -0.030 0.635**
(0.111) (0.088) (0.245) (0.107) (0.078) (0.305)
MCmob, 0.237** 0.067 0.650** 0.204** 0.069 -0.009
(0.104) (0.116) (0.303) (0.103) (0.112) (0.217)
9dppe;, -0.014 0.140*** -0.240* 0.004 0.156%** -0.222
(0.049) (0.040) (0.144) (0.033) (0.033) (0.198)
N 120 120 120 120 120 120
Sargan Test (x2) 16.15 17.42 13.80 25.21 22.63 27.59
p-value 0.51 0.43 0.68 0.45 0.60 0.33
AR(2), Prob> z 0.77 0.01 0.42
AR(3), Prob> z 0.13 0.32 0.59
AR(4), Prob> z 0.28 0.15 0.79

Significance levels *: 10% **: 5% ***: 1%. Heteroscedasticity robust standard errors in parentheses.
We instrument the lagged dependent and all price variables with their corresponding lags and cost shifters. Sargan
test: HO: Overidentifying restrictions are valid. AR test: HO: No autocorrelation.
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This result is in line with the existing literature and with the overall trends in
telecommunications markets, which indicate an increasing importance of mobiles at
the expense of fixed telephony. Surprisingly, the impact of VolIP prices on the de-
mand for fixed-lines is insignificant at the aggregate EU level. Managed VoIP might
nonetheless restrict the fixed-line carriers with the threat of potential market entry.
This threat is credible due to an increasing availability of (ultra-)fast broadband,
which fosters the transition from copper- to IP-based networks. We find a positive
and significant effect of the number of fixed incumbents’ subscribers in the mobile
market. The ability to offer bundles constitutes an important factor in maintaining
the subscription base and, ultimately, in slowing down the decay of fixed telephony.
The number of broadband lines and monthly income per capita are insignificant.
The former might be due to the declining market shares of copper incumbents in
the broadband market, while the latter indicates that the demand for fixed-lines is
primarily determined by the development of a fixed-network infrastructure.

The results of mobile demand estimation are presented in columns (2) and (5).
The lagged subscription volume has a positive and significant effect on the contem-
poraneous demand (+0.436 vs. +0.516). The current own-price elasticity is negative
(-0.220 and -0.264), while the lagged own-price elasticity is insignificant. The cur-
rent cross-price elasticities of mobiles with respect to fixed-lines are positive and
significant in both models, providing evidence of fixed-mobile access substitution.
A price increase of fixed-lines by 1% increases the demand for mobile telephony by
0.14-0.15%, implying that consumers respond to higher fixed-line prices by shifting
away to mobiles. Mobile telephony therefore constrains the market power of fixed-
line carriers. The current cross-price elasticity of mobiles with respect to VoIP is
negative and significant (-0.039, -0.033), which is indicative of the complementarity
between the technologies. The spread and higher affordability of VoIP might have
increased the range of the communications options and slightly boosted the adoption
of mobiles. However, given a high penetration and the affordability of mobiles in the
EU, small price changes in VoIP services are unlikely to alter the mobile demand

significantly. The variable number of broadband lines and the number of fixed in-
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cumbents’ subscribers in the mobile market are insignificant, while the income per
capita has a positive and significant effect on mobile demand.

Analogously to fixed-lines and mobiles, managed VoIP demand exhibits strong
path dependence (columns 3 and 6). The own-price elasticity is negative (-0.185
and -0.241), while the lagged own-price elasticity is insignificant. The lagged cross-
price elasticity of VoIP with respect to fixed-line telephony is positive and significant
in Model B. Given the strong advocacy of the European Commission for the joint
market definition for VoIP and fixed-lines, substitutability between the two services
should be expected. However, the evidence is not very robust. The cross-price elas-
ticities of VoIP with respect to mobiles are insignificant, indicating a one-way com-
plementary relationship. We find a positive effect of the number of fixed-broadband
lines on the demand for VoIP access. This effect may be due to VolP being pro-
vided as a cheap add-on to broadband connections and the fact that (ultra-)fast
broadband increases voice quality and thereby the attractiveness of IP-based com-
munication services. Moreover, we document a positive impact of the incumbent’s
subscription base in the mobile market on VoIP access demand. Overall, the anal-
ysis provides evidence of incumbents’ ability to leverage their dominant position in
one market to another by offering bundles of fixed-mobile or VoIP-mobile telephony.
This underlines the importance of bundling strategies in the telecommunications

industry.

2.4.2 Robustness checks

We assess the robustness of our results by employing two additional specifications. '2
The lag structure in both robustness checks is equivalent to Model A, since the cor-
responding specification in Model B might induce a bias in mobile demand equation.
The first specification (Model C) is in the spirit of Grzybowski (2014) and Grzy-
bowski and Verboven (2016). We decompose the variable number of broadband
lines into cable and other fixed broadband (including fibre) and mobile broadband.
Additionally, we account for the effect of bundling the copper-based DSL broad-

12 As a further robustness check, we included a linear and a quadratic trend. Since both variables
are insignificant and the results remain unchanged, we do not report the results.
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band with fixed-lines by including the number of incumbents’ active DSL lines. In
the second specification (Model D), we interact the VoIP price with the number of
broadband lines. Higher broadband penetration expands the potential VolP market,
thereby raising the demand for VoIP access. Given that the coverage and quality of
fixed-line networks in developed and more densely populated countries tend to be
more advanced, while the usage of telecommunications services is likely more inten-
sive, both specifications include GDP per capita and population density (cf., e.g.,
Caves, 2011; Barth and Heimeshoff, 2014a). The results of the robustness checks
are presented in Table A2.7.

Both specifications confirm our main results. We document path dependencies in
the subscription patterns for each telephony service and a strong substitution from
fixed-lines to mobiles. Again, fixed-mobile substitution is weakened by bundling
strategies: the presence of fixed-line carriers in the mobile market and/or increased
number of incumbents’ DSL subscribers in the broadband market help maintain the
fixed-line subscription base. The results also confirm the complementarity between
mobile and VoIP telephony, as well as the positive relationship between income
and the adoption of mobiles. The current own-price elasticity of VoIP demand is

significant. However, the same does not hold for cross-price elasticities.

2.5 Policy implications and discussion

The key advantage of our estimation approach is the possibility to disentangle short-
and long-run elasticities.!'® Table 2.3 presents own- and cross-price elasticities for
fixed, mobile, and VoIP telephony. The estimated short-run elasticities are compa-
rable in magnitude to those from other single- and cross-country studies. However,
the long-run elasticities exceed previous estimates (Barth and Heimeshoff, 2014a;
Karacuka et al., 2011; Briglauer et al., 2011). This is likely due to the structure of

our dataset, which spans a relatively recent period and enables us to capture “the

13In the Houthakker-Taylor model, the short-run elasticities are directly estimated as -y, and the
long-run elasticities are determined by (v + dx)/(1 — Br)-
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latest and arguably most dramatic developments” in the telecommunications sector
(Vogelsang, 2010, p.14).

Table 2.3: Short- and long-run own-price elasticities

Model A Model B

fimsub mObsub v0ipsub fixsub mObsub v0ipsub

Short-run: fizsup -0.308 0.268 -0.316 0.234
mobgyp 0.151 -0.220 -0.039 0.140 -0.264 -0.033
VOIPsub -0.185 -0.241

Long-run: fizsup -1.381 2.000 -2.866 1.989
mobgyp 0.268 -0.390 -0.069 0.289 -0.545 -0.068
VOIPsub -3.083 2.918 -0.705

Large long-run demand elasticities raise the question of market definition for
voice services. A well-established market delineation approach is the SSNIP test,
which compares the estimated long-run own-price elasticities with the critical elas-
ticity e.. The SSNIP test identifies the smallest relevant market within which a
hypothetical monopolist could profitably raise its price while retaining the current
subscription base. If the estimated own-price elasticity exceeds €., a price increase
would lead to lower profits, indicating that the next best substitute has to be in-
cluded in the market. In line with Vogelsang (2010) and Briglauer et al. (2011),
we define the critical elasticity as ¢, = 1/[m + t], where m = [p — ¢]/c is the price-
cost margin and ¢ denotes a “small but significant non-transitory increase in prices”,
usually 5-10% during a period of 1-2 years. Assuming that the price-cost margin
for fixed-line access is m = 0.5 (Stumpf, 2007) and that ¢ takes the value of either
0.05 or 0.1, the critical elasticity falls within the range e, = [—1.82,—1.67]. The
estimated fixed-line elasticity from Model A of -1.38 is below this threshold, while
the one estimated from Model B is -2.87 and clearly exceeds €.. Estimates from the
robustness checks are the closest to those from Model B, implying that the own-
price elasticities are around 2 in absolute value. Fixed-line telephony can therefore
be considered to be part of the same market as mobile and managed VoIP access ser-
vices at the EU level. Cross-country estimates suggest that the competitive pressure
from other services appears sufficient to restrain the incumbent carriers, supporting
the European Commission’s decision to remove the ex ante access obligations from
the markets 1/2007 and 2/2007.



2.5. POLICY IMPLICATIONS AND DISCUSSION 26

Overall, our results provide evidence of the substitution from fixed-lines to mo-
biles and vice versa and are in line with the existing literature. Mobile operators
exert competitive pressure on fixed-line carriers, which diminishes the possibility of
market power abuse. The magnitude of the long-run cross-price elasticities between
fixed-lines and managed VoIP (+42.918) hints at access substitution toward VoIP,
but this effect is not robust. However, considering that our dataset does not cover
the post—2011 period and that the access is generally less elastic than the usage, our
result is in line with the existing literature on VoIP. Vague evidence of access substi-
tution might be due to the fact that a bulk of subscribers do not switch because of
price differences, but are automatically transferred from fixed to VoIP services with
the provider’s transition to an all TP-based network (ECORYS, 2013, p.195). The
threat of potential market entry is nonetheless likely to constrain the price-setting
behavior of fixed incumbent carriers. In contrast, the ability to offer service bundles
underlines a possible source of market power: if consumers perceive bundles as being
superior to single services, carriers providing access to the latter may be in a dis-
advantageous position. National regulators could therefore consider targeted access
obligations to ensure a level playing field for all operators in the market. However,
considering the differences in competitive conditions across the member states, this
issue must be addressed by each national regulatory authority separately.

Another relevant issue for future regulation is the role of unmanaged VolP. Most
national regulators do not consider this service to be a substitute for managed
VoIP, which is due to differences in features and consumption patterns. However,
an increased usage of unmanaged VoIP might diminish the relevance of other com-
munications services. Future market definition will consequently depend on a range
of factors, including (ultra-)fast broadband penetration, quality of service, pricing,
and the possibility of receiving calls according to domestic or international num-
bering plans (European Commission, 2014b). On the other hand, providers might
block or degrade the over-the-top (OTT) applications which have the potential to
erode their revenues. A blockage, however, is likely to be limited in scope, due to the

large countervailing power of major OTT applications such as Skype, Facebook, and
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Viber. Therefore, instead of pursuing a full-scale regulation, it might be possible to
deal with this issue under competition law (ECORYS, 2013, p.153).

2.6 Conclusion

In this paper, we estimate the degree of access substitution between fixed, mobile,
and managed VoIP telephony. Our study is the first to investigate the interde-
pendencies between all three types of voice services in a coherent cross-country
framework. We use a sample of 20 EU countries in 2008-2011 and apply dynamic
panel data techniques to estimate the own- and the cross-price elasticities. Due to
the endogeneity of the lagged subscription base and price variables, we apply an
instrumental variable approach.

We document strong access substitution between fixed-lines and mobiles and
find weak support for the long-run substitution from fixed-lines to managed VolP
telephony. Hence, both telephone services likely constrain the market power of fixed
incumbent carriers. On the other hand, bundling raises the demand for fixed-lines.
While the substitutability indicates that ez ante access obligations imposed on fixed
incumbents might be redundant, bundling strategies as a source of market power
hint at their necessity. At the EU level, we find evidence in favor of joint market
definition and, therefore, of discontinuing the regulation. However, due to different
competitive environments across the member states, this issue must be addressed
by the individual national regulators. Thus, the question of whether the threat of
market power abuse by the fixed incumbents still exists is not answered conclusively.
Targeted access obligations might be one of the solutions to protect the captive group
of consumers and ensure a level playing field for all operators active in the market.
In this case, national regulators must redesign the regulatory frameworks in a way
that does not stifle competition and innovation.

In its explanatory note on the deregulation of markets for access and call origina-
tion on the public fixed network, the European Commission underlines that (man-
aged) VoIP, and not mobile, is a proper substitute for fixed-lines. Our results, in

contrast, suggest a stronger substitutability between fixed-lines and mobiles than
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between fixed-lines and VoIP telephony. Given its forward-looking perspective, the
Commission anticipates that fixed-lines and VoIP will become effective substitutes
within the validity period of the Recommendation. Considering the existence of var-
ious “white” and “grey spots” in the EU countries with limited ultra-fast broadband
coverage, and the fact that its adoption is path-dependent and therefore somewhat
sluggish, this assessment might be too optimistic. Therefore, further research on
the substitutability between telephony services with more recent data is necessary
to evaluate the effects of regulatory changes. As several fixed incumbent carriers
have announced a full-IP transition in upcoming years, this matter might be resolved

in the near future.
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Appendix

Table A2.1: Fixed-mobile substitution studies

Author Country & Period Method Main results

Rodini et al. (2003) US, 2000-2001 Logit Moderate access substitution be-
tween the second fixed-line and mo-
bile, cross-price elasticity 0.13-0.18.

Ward and  Woroch | US, 1999-2001 TLA/ATDS Moderate fixed-mobile traffic sub-

(2004) stitution, cross-price elasticity 0.22
0.33.

Ward and  Woroch | US, 1999-2001 Probit/diff-in-diff | Access substitution between the

(2010) first fixed-line and mobile, cross-

price elasticity 0.25-0.31.

Ward and Zheng (2012)

China, 1998-2007

Dynamic panel

Strong fixed-mobile access substitu-
tion (FMAS).

Karacuka et al. (2011)

Turkey, 20022006

Dynamic panel

Fixed-to-mobile traffic substitution.

Suarez and  Garcia-
Marifioso (2013)

Spain, 2004-2009

Logit

Low FMAS. Substitution driven
by the broadband connection and
socio-demographic characteristics.

Briglauer et al. (2011)

Austria, 2002-2007

Error correction

model

Fixed-to-mobile traffic substitution,
long-run cross-price elasticity 0.45.

Garbacz and Thompson
(2007)

53 LDC, 1996-2003

Fixed-effects

Fixed-lines are substitutes in the
mobile market, but mobiles are
complements to fixed-lines.

Barth and Heimeshoff

EU 27,2003 2009

Dynamic panel

FMAS, cross-price elasticity 0.18.

(2014a)
Barth and Heimeshoff | FU-16, 2004-2010 Dynamic panel Fixed-to-mobile traffic substitution,
(2014b) cross-price elasticity 0.12.

Grzybowski (2014)

EU, 2005 2010

Discrete choice

FMAS reduced by higher broad-
band penetration and boosted by
the spread of cable and 3G broad-
band.

Grzybowski and Ver-

boven (2016)

LU, 20052011

Discrete choice

FMAS; incumbency advantage in
the mobile market; broadband In-
ternet, (mainly DSL) reduces substi-
tutability.
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Table A2.2: VoIP studies

Author Country & Period Method Main results
Cecere and Corrocher | UK, 2006 Probit Traffic substitution between
(2011) (mainly) unmanaged VoIP and
fixed-line. No relationship between

mobile and VoIP usage.
Cecere and Corrocher | Italy, 2006 Probit Traffic substitution between mo-

(2012)

bile and unmanaged VolP. Use of
other IP services increases VolP
usage.

Kwak and Lee (2011)

South Korea, 2006—

Static panel

Traffic substitution between fixed-

2009 lines and managed VolP, cross-
price elasticity 10.07. Mobile-VolIP
traffic substitution insignificant.

Table A2.3: Maddala-Wu unit root tests
Levels Differences
x> x> >p x> >p
fixzsup 58.889 0.027 58.398 0.030
mobgyp 53.976 0.069 62.191 0.014
VOIPsub 45.219 0.263 66.987 0.005
Priz 87.787  0.000  88.058  0.000
Prnob 82.628  0.000  62.259  0.014
Pvoip 120.055  0.000 74.645 0.001
bblines 269.162  0.000  31.668  0.824
iNCmob 93.855  0.000  53.346  0.077
gdppe 22.544 0.988 64.218 0.009
incasi 267.227  0.000  98.737  0.000
cable/othery, — 36.206 0.642 64.756 0.008
mobilepy, 26.654 0.948 35.874 0.657
POPdens 44469  0.2891  68.105  0.004
mitr 106.982  0.000 179.420  0.000
ftr 117.979  0.000 114.546  0.000
HO: unit root.
Table A2.4: Countries

Austria Ireland Sweden Latvia

Belgium Ttaly UK Poland

Denmark  Netherlands  Bulgaria  Romania

France Portugal Estonia Slovakia

Germany  Spain Hungary  Slovenia
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Table A2.5: Variables description and source

Variable Description Source
fizsup Number of active circuit-switched | Analysys Mason*
retail subscribers.
mobgyup Number of mobile (pre-paid and | Analysys Mason
post-paid) subscribers.
VOIPsub Number of active users of either | Analysys Mason
paid-for native VoIP subscribers or
VoIP services included in a paid-for
bundle with broadband access; ex-
cluding peer-to-peer applications.
Dfix Average revenue (subscription + | Analysys Mason
traffic) per fixed-line in euro PPP.
Dmob Average revenue per mobile sub- | Analysys Mason
scriber in euro PPP.
Puoip Average price of broadband con- | Analysys Ma-
tracts bundled with VoIP in euro | son (‘Iriple-play
PPP. pricing study’)
bbiines Number of active broadband lines. | Analysys Mason
MCmob Fixed-line incumbent’s share in mo- | Analysys Mason
bile market (in terms of sub-
scribers).
gdpp. Monthly real GDP per capita in | Eurostat
euro PPP.
INCys Incumbent’s number of DSL broad- | Analysys Mason
band subscribers (including ADSL,
SDSL and VDSL).
cable/otheryy, Sum of cable and other fixed broad- | Analysys Mason
band subscribers (including cable,
FTTB, FWA and all other fixed
broadband connections).
mobileyy, Number of mobile broadband PC or | Analysys Mason
laptop connections via a USB mo-
dem or datacard. Excludes handset
access or use of the handset as a mo-
dem.
PODdens Population density. Inhabitants per | World Bank
sq. km of land area.
ftr Fixed-to-fixed termination rates in | Progress Reports
euro PPP. on Single Euro-
pean  Electronic
Communications
Markets
mitr Fixed-to-mobile termination rates | Progress Reports

in euro PPP.

on Single Euro-
pean  Electronic
Communications
Markets

* If not otherwise indicated, data is from ‘Telecoms Market Matrix’.
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Table A2.7: Robustness checks
Model C Model D
_ o (2) ® ) (5) - ®
Dep. variable fi%sub,, mobgsyp,, VOIPsub,, fi%sub,, mobsup,, VOIPsub,,
Fi%subry_, 0.737%% 0.790%%
(0.103) (0.105)
Mobsub,, 0.581%** 0.370%*
(0.208) (0.183)
VOIPsub,, 1.016%** 0.977%%*
(0.102) (0.080)
Dfix,, -0.203* 0.129 0.141 -0.277* 0.129* -0.121
(0.122) (0.089) (0.711) (0.156) (0.078) (0.692)
Pfiz;y_q -0.270** 0.081 -0.682 -0.276** 0.106 -0.340
(0.132) (0.096) (0.578) (0.139) (0.096) (0.538)
Dmob,, 0.206** -0.156* 0.546 0.303** -0.343*** 0.720
(0.100) (0.084) (0.524) (0.121) (0.091) (0.449)
Prmobis_y 0.201%* -0.015 0.424 0.161** 0.032 0.268
(0.084) (0.068) (0.333) (0.064) (0.077) (0.323)
Dvoip,; -0.017 -0.043*** -0.170** -0.226 -0.356 0.375
(0.025) (0.015) (0.082) (0.414) (0.318) (0.871)
Puoip;y 1 -0.028 0.018 0.192 -0.039 0.011 0.105
(0.025) (0.020) (0.190) (0.030) (0.029) (0.154)
incast,, 0.128** -0.078 -0.045
(0.061) (0.049) (0.255)
cable/otheryy,, -0.052 0.022 -0.023
(0.038) (0.026) (0.166)
mobiley,, 0.004 -0.013 0.007
(0.010) (0.015) (0.071)
Puoip;, #0blines 0.018 0.025 0.334
(0.030) (0.023) (0.064)
bblines,, 0.117 -0.155 0.334
(0.206) (0.155) (0.438)
NCmob;, 0.163* 0.119** 0.625* 0.250%** 0.069 0.685**
(0.090) (0.058) (0.360) (0.097) (0.090) (0.319)
9dPpe;, 0.013 0.130*** -0.210 -0.027 0.191*** -0.309
(0.047) (0.028) (0.187) (0.025) (0.036) (0.199)
POPdens,, -0.001* 0.001 -0.010 0.000 0.001 -0.006%**
(0.002) (0.003) (0.009) (0.002) (0.004) (0.008)
N 120 120 120 120 120 120
Sargan Test (x2) 19.05 17.33 11.16 16.23 19.31 14.06
p-value 0.33 0.43 0.85 0.70 0.50 0.83
AR(4), Prob> z 0.11 0.17 0.56 0.31 0.03 0.52
Significance levels *: 10% **: 5% ***: 1%. Heteroscedasticity robust standard errors in parentheses.

We instrument the lagged dependent and all price variables with their corresponding lags and cost shifters. Sargan
test: HO: Overidentifying restrictions are valid. AR test: HO: No autocorrelation.
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3.1 Introduction

Around the globe, policy makers see broadband penetration as a key driver for eco-
nomic prosperity (OECD, 2008). Ever since the by now seminal study of Roller
and Waverman (2001), many other studies provided evidence that broadband has
positive effects on growth by directly or indirectly spurring innovation, productivity,
and, thereby, a country’s national competitiveness.! Consequently, a timely deploy-
ment and adoption has become a major policy objective for many governments (ITU
and UNESCO, 2013).

Given the differences in telecommunications infrastructure, the variety in access
technologies and penetration rates across countries, there has been considerable in-
terest in understanding the key factors that drive broadband diffusion. A growing
body of empirical literature has analyzed what affects broadband uptake either at
a single-country level (Aron and Burnstein, 2003; Denni and Gruber, 2007) or at
a cross-country level (e.g., Gruber and Koutroumpis, 2013; Galperin and Ruzzier,
2013; Lin and Wu, 2013; Kongaut and Bohlin, 2014). A large majority of these stud-
ies stresses the importance of low prices at an aggregate level in order to promote
broadband demand (Lee et al., 2011; Galperin and Ruzzier, 2013; Lin and Wu, 2013).
Besides emphasizing the importance of a low price level the International Telecom-
munication Union (ITU) stated already in 2003 that innovative pricing schemes are
needed to attract a wide variety of customers (ITU, 2003, p. 20). However, price
dispersion within a country has been neglected entirely in the empirical literature.
To the best of our knowledge, our analysis is the first to account for the degree of
tariff diversity within a country. This focus is new and hence the main novelty of
our paper.

Whilst it is rather clear that the price level impacts on broadband uptake, it is

from a theoretical perspective less clear how the price wvariety, i.e., tariff diversity,

'Koutroumpis (2009) and Czernich et al. (2011), for example, have found a positive impact of
broadband penetration on countries” GDP for OECD member states. For non-OECD members,
Sassi and Goaied (2013) recently confirm a similar effect for the MENA countries and Chavula
(2013) for African countries. Other studies that demonstrate how broadband penetration positively
affects economic growth include Jung et al. (2013), Lee et al. (2012), Gruber and Koutroumpis
(2011), Thompson and Garbacz (2011), and Lam and Shiu (2010).
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should affect broadband penetration. On the one hand, classical industrial eco-
nomics theory suggests that price discrimination in final consumer markets should
lead to an expansion of output (that is increased broadband penetration in the case
at hand), as it allows suppliers to serve low-value customers without lowering the
price for high-value customers. On the other hand, accounting for recent theories
of boundedly rational consumer behavior the prediction becomes less clear. In fact,
there has been a burgeoning literature which demonstrates that consumer decisions
are prone to mistakes in telecommunications markets (see, e.g., Bolle and Heimel,
2005; Lambrecht and Skiera, 2006; Haucap and Heimeshoff, 2011). Based on these
findings, Eliaz and Spiegler (2006), Brown et al. (2010), Piccione and Spiegler (2012),
and Herweg and Mierendorff (2013) have developed models which suggest that firms
may sometimes deliberately choose to obfuscate consumers in order to increase their
profits. Consequently, as Spiegler (2006) has argued, consumers may become con-
fused over “too much variety” or “too many tariffs” and finally reluctant to sign a
contract. Actually, the success of flat-rate tariffs in telecommunications markets,
associated with a rather modest price variety between offerings, may suggest that
simple tariffs might be more helpful in fostering penetration than more diverse and
complicated offerings. From a theoretical perspective it is, therefore, not clear how
tariff diversity affects broadband uptake: While classical industrial economic the-
ory would suggest a positive relationship between tariff diversity (as a measure for
price discrimination) and broadband uptake, the more recently advanced behavioral
economics view may suggest a negative one (seeing tariff diversity as a measure for
customer obfuscation strategies).

At the same time, many consumer advocates and public interest groups have
reacted with skepticism against tendencies to move away from flat rates and in-
troduce greater tariff diversity (see, e.g., Xavier, 2008; Xavier and Ypsilanti, 2010;
Rebai and Flacher, 2013; Lyons, 2013, p. 4). Moreover, universal service obliga-
tions sometimes even outrightly prohibit price discrimination. For example, the
International Telecommunication Union states that “in many instances, in addition
to the requirement for affordable prices, regulators have imposed the requirement

of uniform pricing on the operator with the obligation to provide universal service.
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Under the uniform pricing policy, the operator is not allowed to differentiate its
prices geographically and/or between consumer types.” Hence, it is useful to empir-
ically analyze how price variety affects penetration rates. While it is true that many
developed countries have saturated broadband markets, this is not the case for less
developed countries. Furthermore, there is no reason to assume that consumer be-
havior would follow completely different patterns with respect to NGN penetration
or networks with even higher bandwidth in the future.

The purpose of this paper is to provide an empirical assessment for how tariff
diversity influences fixed broadband demand, while accounting for other factors

3

that affect broadband penetration.” Ensuring reliability of our empirical results,

tariff diversity is calculated in various ways based on a newly available data set
that originally encompasses more than 1000 broadband-only-offers for 82 countries. *
Thus, the second major novelty of this paper is, apart from its research focus on
tariff diversity, the use of an entirely new data set.

The empirical analysis reveals that increased income and enhanced offerings, such
as lower prices and improved quality of service, foster broadband uptake. Besides,
an increase in tariff diversity provides a further impetus to broadband adoption,
supporting the classical perspective that price discrimination induces output expan-
sion. This finding is of crucial importance because it underlines the necessity for
diverse and innovative pricing schemes in order to bridge the digital divide.

The remainder of the paper is organized as follows: In Section 3.2 we summarize
the relevant literature. Section 3.3 outlines the empirical strategy and provides a
description of our data set. Results are discussed in Section 3.4 and Section 3.5

concludes.

?Emphasis added; http://www.itu-coe.ofca.gov.hk /vtm /universal /faq/q1.htm.

3Under fixed broadband internet various DSL, cable, fibre, satellite, broadband over power lines
and other fixed broadband technologies are subsumed.

4 All countries included in this study are listed in Table A3.1 in the Appendix.
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3.2 Literature review

There is a steadily growing body of literature on the drivers of broadband pene-
tration as an aggregate measure (e.g., Distaso et al., 2006; Lee et al., 2011; Gu-
lati and Yates, 2012; Galperin and Ruzzier, 2013; Lin and Wu, 2013; Kongaut and
Bohlin, 2014) and on the determinants of a subcategory of fibre-based broadband
(see Briglauer, 2014). These studies have examined various rather invariable en-
dowment factors, e.g., economic prosperity, demographics, and geography as well as
influenceable regulatory factors, which may plausibly explain cross-country differ-
ences. Given that conventional and fibre-based broadband mainly differ with respect
to down- and upload speeds from the demand side’s point of view, the obtained re-
sults seem to be applicable for both quantifications of internet access technologies.
A literature overview is provided in Table A3.2 in the Appendix.

Price: Several studies have accentuated the importance of a low(er) price level
in determining broadband demand. Among these studies are Bouckaert et al. (2010),
Lee et al. (2011), Galperin and Ruzzier (2013), Lin and Wu (2013), and Briglauer
(2014) to name just a few. Lin and Wu (2013), for example, have shown in their dif-
fusion model of broadband adoption in the OECD from 1997 to 2009 that broadband
price levels influence the subscription decision, notably for late adopters. Closely
related to the present study, Galperin and Ruzzier (2013) estimate the demand elas-
ticity for fixed broadband in Latin America and the Caribbean (LAC) benchmarked
against OECD countries in 2010. They provide evidence that demand is quite elastic
in countries with a low level of penetration, while in OECD countries demand may
actually be inelastic.

Income: Nearly all of the studies referred to above incorporate income levels
in their analysis and, somewhat unsurprisingly, identify income as a stimulus for
broadband adoption. This finding is confirmed across OECD and non-OECD coun-
tries, analyzing either cross-sectional (Garcia-Murillo, 2005; Gulati and Yates, 2012)
or time-series data (Cava-Ferreruela and Alabau-Munoz, 2006; Lee et al., 2011; Gru-
ber and Koutroumpis, 2013; Kongaut and Bohlin, 2014). Gruber and Koutroumpis

(2013) clearly detect a positive and significant impact of income on broadband de-
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mand in their analysis of 167 countries from 2000 to 2010. In their detailed study of
the broadband diffusion process, Lin and Wu (2013) show that disposable household
income is of particular importance in the early adoption phase.

Competition: Broadband competition can basically take two forms: (i) facility-
based competition between different technological platforms that can be used to pro-
vide broadband access, referred to as inter-platform or infrastructure competition,
and (ii) service-based competition over the same infrastructure through open access
provisions at various network layers, referred to as intra-platform competition.

Numerous studies have found that especially the former has positive effects on
broadband penetration (see Hoffler, 2007; Lee and Brown, 2008; Bouckaert et al.,
2010; Kongaut and Bohlin, 2014). In one of the few single-country studies, Denni
and Gruber (2007) use panel data from the US spanning the 1999-2005 period and
document that the level of facility-based competition is a potent driver of fixed
broadband demand. In a cross-country framework Distaso et al. (2006), using data
on 13 EU countries from 2000 to 2004, and Bouckaert et al. (2010), scrutinizing
20 OECD countries for the years 2003-2008, derive similar conclusions. When ana-
lyzing technologically advanced and technologically developing countries separately,
Gulati and Yates (2012) detect a strong positive impact for developing countries
but no effect for advanced countries. Gruber and Koutroumpis (2013), in contrast,
provide no evidence for inter-platform competition accelerating conventional broad-
band demand at all. They deduce that facility-based competition is an impediment
to broadband diffusion caused by the duplication of infrastructure. For fibre-based
broadband, Briglauer (2014) recently finds an inverted U-shaped relationship be-
tween facility-based competition and fibre connections.

With respect to intra-platform competition, the empirical results are ambiguous.
Garcia-Murillo (2005), Lee et al. (2011), and lately Gruber and Koutroumpis (2013)
show that service-based competition in general and on the incumbent’s DSL platform
in particular foster broadband uptake. Kongaut and Bohlin (2014) suggest that in
the OECD intra-platform competition increases broadband adoption if countries
had difficulties implementing inter-platform competition. Using panel data on 16
EU countries for the 1997-2013 period, Klein and Wendel (2014) identify a non-
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linear relationship between unbundling and penetration. The impact is positive
when an intermediate level of broadband penetration has been achieved. However,
it is negative if the initial level of broadband penetration is rather low or high.
In contrast to the results above, Distaso et al. (2006), Cava-Ferreruela and Alabau-
Munoz (2006), Denni and Gruber (2007), Hoffler (2007), and Bouckaert et al. (2010)
find only small or insignificant effects of intra-platform competition. Bouckaert
et al. (2010) consider two types of intra-platform competition: (a) facility-based
intra-platform competition, forcing entrants to invest into their own equipment and
facilities when leasing unbundled local loop elements; and (b) service-based intra-
platform competition, indicating a lower level of entrants’ investments since they
only resell the incumbent’s services. The authors conclude that neither form of
intra-platform competition increases broadband penetration.

In addition to these determinants a number of other variables has been exam-
ined in the literature. For Trkman et al. (2008), Lee and Brown (2008), Gulati and
Yates (2012), and Lin and Wu (2013) demand side characteristics play an important
role. They suggest that education positively affects the evolution of broadband, pre-
dominantly for the early adopters. Garcia-Murillo (2005), Lee and Brown (2008),
and Lin and Wu (2013) further stress that information and communication tech-
nology (ICT) use is a main driving force and Cava-Ferreruela and Alabau-Muitioz
(2006) suggest that the “predisposition” to use new technologies appears to be essen-
tial. Likewise, the presence of domestic content and the available download speed
seem to be relevant (Lee and Brown, 2008; Bouckaert et al., 2010). The existence
and effectiveness of public institutions and government regulation for the adoption
of broadband is emphasized by Gulati and Yates (2012) for broadband adoption as
an aggregated measure and by Briglauer (2014) for fibre-based broadband.

All of these studies have contributed to a deeper understanding of broadband
adoption. However, none has accounted for the impact of different pricing schemes,
presumably due to lack of reasonable tariff information. We contribute to the ex-
isting literature by adding tariff diversity as another potential factor to explain
differences in broadband penetration across countries when incorporating also the

factors identified by the empirical literature.
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3.3 Empirical specification and data

3.3.1 Empirical strategy

Several studies demonstrate that consumers’ subscription decisions are driven by
the current price level as well as a number of demand shifters, including economic
prosperity and market structure (e.g., Hoffler, 2007; Lee et al., 2011; Galperin and
Ruzzier, 2013). To estimate the effect of tariff diversity on fixed broadband demand

we specify the demand function for each country as
peng, = f(Pfia, diversity, X) + e,

where pen g, denotes broadband penetration, pg, is the fixed broadband price, diver-
sity accounts for price dispersion and € represents an unobservable error term. The
vector X includes download speed, income per capita, the level of education, and
the degrees of facility-based and service-based competition. The fixed broadband

demand model which we estimate is thus given by

peng, = Bo+ Bipss + Badiversity + Bzspeed + Byincomey.
+ ﬁ5 educ + BG Compfa(’ility + ﬁ? COMDP seryice + €

According to economic theory of a downward sloping demand curve for ordinary
goods and services, a negative impact of price on broadband diffusion is predicted.
The impact of tariff diversity is not clear ex ante. An increased variety in pric-
ing schemes may either trigger consumers to buy, by that supporting the classical
industrial economic theory, or make consumers refrain from buying, backing the
more recently developed behavioral economics view of a negative relationship be-
tween price dispersion and demand. To characterize at least two main dimensions of
fixed-line broadband offerings, we include price-related variables and the advertised
download speed. A higher download speed, that is a higher quality of service, is pre-

dicted to positively affect consumers’ willingness to pay, thereby increasing demand
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for broadband services for a given price level.> We control for the effects of economic
prosperity on demand by including the average income per inhabitant. Education
is included because (digital) literacy is found to reduce the inability to use digital
technologies and to increase the demand for more sophisticated ICT services (Gulati
and Yates, 2012; Galperin and Ruzzier, 2013). Controlling for the level of educa-
tion further indirectly captures that with improved linguistic skills more content
becomes accessible. Facility-based competition, i.e., rivalry between technologies, is
conjectured to be one determinant in promoting broadband adoption by expanding
potential broadband coverage and reducing prices, although it might come at the
cost of (partly) duplicating existing network infrastructure (Hoffler, 2007; Bouckaert
et al., 2010; Gruber and Koutroumpis, 2013). Our expectations for intra-platform
competition are mixed. On the one hand, service-based competition is expected
to foster diffusion since substitutability, due to a comparable geographical coverage
and quality of service, may reduce prices as competitive pressure becomes fiercer.
On the other hand, Klein and Wendel’s and Kongaut and Bohlin’s recent findings
point to a negative or insignificant effect, at least for countries with a lower level of
broadband penetration.

We apply an instrumental variable approach since both price-related variables
as well as the income variable are potentially endogenous. Endogeneity of the price-
related variables may arise because the price level and the penetration rate are
determined simultaneously in equilibrium. Moreover, measures for tariff diversity
might be correlated with unobserved market structure variables. For the price vari-
able optimal instruments are supply shifters that influence the costs of providing
telecommunications services but are not correlated with the error term of the re-
gression. Firstly, assuming that in the presence of economies of scale operators set
lower prices when they serve more subscribers, we use the previous internet sub-
scription as an instrument. Given a restricted contract period of at most two years,

we suppose that the number of fixed broadband subscribers in year ¢ is indepen-

5Qther tariff characteristics which may further differentiate the service, and by that impacting
on consumers’ willingness to buy, are not observable or quantifiable. Unobservable characteristics
are, for example, the network stability, service offers or special promotions by providers.
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dent of the number of fixed internet subscribers in t — 2. Secondly, we account for
different costs of infrastructure deployment and maintenance by including the level
of urbanization. If providers are unable to exploit economies of scale and scope in
countries with a low level of urbanization, this should hinder price reductions of
broadband services. In addition to these cost shifters, we include two indicators for
political and economic freedom.® These variables measure the degree of insecurity
and uncertainty in economic relationships. Since investments are largely irreversible
in a network-based industry, the political and legal environment is crucial for the
supply side.

We instrument the price dispersion variables by using the average price differ-
entiation in all neighboring countries as well as the respective measure of the most
closely related neighboring market. This instrumentation strategy is reasonable if
we assume that geographical and thus cost conditions are comparable across neigh-
boring countries but demand shocks occur at the country level. We refer to these
instruments as Hausman instruments (see Hausman, 1996).

A second source of endogeneity may result from reversed causality. A growing
income possibly leads to higher investments into infrastructure and increased usage
of technologies, eventually resulting in higher future income. The positive effect
of telecommunications infrastructure and broadband infrastructure in particular is
well established in the literature as the papers by Roéller and Waverman (2001) and
Czernich et al. (2011) show. As a consequence, broadband adoption and income
may be determined simultaneously. Following Gruber and Koutroumpis (2013), we
use the one-year lag of income, as broadband adoption affects future, but not past

income.

3.3.2 Data

Our main data sources are the I'TU World Telecommunications Indicators Database,
Google, the World Bank, the Human Development Report, and the Heritage Foun-

dation. Data on fixed broadband penetration rates, prices, subscription levels for

6See Duso and Réller (2003) for an example of the application of political variables as instru-
ments.
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the different fixed broadband technologies, the number of fixed internet subscribers
as well as the average advertised download speed are provided by I'TU. Tariff diver-
sity and the number of DSL operators in a country are based on the data gathered
by Google (2012).7 Income per capita and the urban population are retrieved from
World Bank. Education is taken from the Human Development Report and the
indicators for political and economic freedom are obtained from the Heritage Foun-
dation. Data is from 2012 and comprises 82 OECD and non-OECD countries. Table
A3.3 provides a detailed description of all the regression variables.

Variables are defined as follows. Asin most studies, the fixed-line broadband pen-
etration levels are measured in 100 of population (cf. Cava-Ferreruela and Alabau-
Muftioz, 2006; Lee et al., 2011; Gulati and Yates, 2012; Lin and Wu, 2013).® Broad-
band penetration is considered to be any dedicated connection to the internet at
downstream speeds equal to, or greater than, 256 Kbps. The fixed broadband price
refers to the monthly subscription charge for fixed broadband internet service. With
several offers available, preference is given to the 256 Kbps connection which is usu-
ally one of the cheapest tariffs. Thus, the price variable is assumed to be a lower
boundary for the average price in a country. A country’s tariff diversity is calculated
as three measures of central tendency for the reported prices: the standard deviation
(sd), the difference between minimum and mean (mm) and the average absolute de-
viation from the median (adm). Download speed refers to the average advertised
maximum theoretical download speed in Mbps, not to speeds guaranteed to users
associated with a monthly subscription. The educational level is approximated by
the expected years of schooling and the average income per inhabitant by the GNI
per capita. Facility-based competition is measured by the Herfindahl-Hirschman
Index (HHI) of DSL, cable, and all other fixed broadband technologies (including
fibre, satellite, broadband over power lines, and WiMax). The HHI is defined as the
sum of technologies’ squared market shares. A higher HHI is equivalent to a more

asymmetric market structure, implying less competition between the technologies.

"The pricing data by Google was spot-checked at the end of 2012 by visiting operators’ websites.
No significant deviations were detected, hence the data is perceived to be reliable.

8When using household penetration, the number of subscribers per 100 households, as in Héffler
(2007) or in Galperin and Ruzzier (2013), our results do not change significantly.
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The measure for service-based competition is calculated as the number of active op-
erators in the DSL market as provided by Google. Acknowledging that the Google
data set has no claim to be comprehensive, the number of active DSL providers is
a lower boundary. The number of fixed internet subscribers in 2010 includes both
active fixed internet subscriptions at speeds lower than 256 Kbps (narrowband) and
greater than 256 Kbps (broadband). To account for varying political and social
conditions the Index of Freedom from Corruption and the overall score of the Index
of Economic Freedom are included. These indicators rate a country on a scale from
0 to 100; a higher score indicates a stronger rule of law.

All variables are expressed in logarithms in order to interpret them as elasticities
and all price-related variables are measured in US dollars. Summary statistics and
the correlation matrix between the regression variables are presented in Tables A3.4

and A3.5 in the Appendix, respectively.

3.4 Empirical Results

3.4.1 Main results

Estimation results from our baseline specification are presented in Table 3.1. We
report the results obtained from the OLS regressions in columns (1)-(3) and those
estimated with the two-stage least-squares (2SLS) approach in columns (4)-(6). To
test for the exogeneity of the employed instruments, we apply the Sargan/Hansen’s
J test. The obtained test statistics indicate that the null hypothesis of valid over-
identifying restrictions cannot be rejected. The Hausman test rejects the null hy-
pothesis of exogeneity in each specification at least at the 10% level. The first-stage
F statistics of excluded instruments approximate to 10, confirming the relevance
of the utilized instruments. Hence, the tests confirm that our instruments are rel-
evant, that is have a high correlation with the endogenous explanatory variables,
and are exogenous, i.e., uncorrelated with the error term. In each 2SLS specification

all variables have the expected signs. We identify a robust statistically significant
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effect of the price variable, tariff diversity, income, the advertised download speed,
and education.

For brevity, we solely discuss the consistent coefficients of the 2SLS regressions
in more detail. In specification (4) the price elasticity is negative (-1.91) and sig-
nificant at the 1%-level. An elasticity of this magnitude denotes, ceteris paribus,
that a price decrease of 1% rises demand for broadband by 1.91%. Given this elastic
own-price elasticity, price reductions could significantly increase adoption. Tariff di-
versity, abbreviated as diversity,, is measured as the standard deviation of prices.
The impact of tariff diversity is positive (+0.52) and significant, meaning that a 1%
increase in the standard deviation increases demand by 0.52%. This result is in line
with the classical economic view that price discrimination in final consumer markets
entails an expansion of output and demand. A positive relationship is indicative of
the importance of innovative pricing schemes in expediting the ascent of broadband
internet access as pointed out by ITU (2003).° Besides, the positive and significant
coefficient of the advertised download speed, implies that a higher quality of service
increases the willingness to buy broadband internet access, probably because higher
bandwidths allow the use of more sophisticated applications. The socio-economic
variables, income and education, have a strong positive and significant impact on
broadband demand. Higher income enables consumers to spend more on telecom-
munication services, while a higher level of education reduces barriers to broadband
adoption. Additionally, with a higher level of education the utility of internet usage
might increase, for instance, as more content (in foreign languages, e.g., in English)
becomes utilizable. The two competition variables have the expected signs. How-
ever, we do not find any statistically significant effect. This is in line with the
findings of Gruber and Koutroumpis (2013) for facility-based competition and, for
instance, Distaso et al. (2006), Denni and Gruber (2007), and Bouckaert et al. (2010)
for service-based competition. A possible explanation might be that a positive effect
of competition in some countries (with an already established infrastructure and in-
termediate penetration level) is counterbalanced by a negative relationship in other

countries with low current infrastructure stock (cf. Klein and Wendel, 2014).

9 Accounting for non-linearity in price dispersion turned out to be insignificant.
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Table 3.1: Estimation results

Dependent variable: peng,

OLS 2SL.S
Variable (1) (2) (3) (4) (5) (6)
Tariff characteristics
Pfix -0.35 -0.24 -0.30 -1.91%%*  -1.96***  -1.90*"**
(0.22) (0.22)  (0.18) (0.44)  (0.44)  (0.43)
dwversity ;4 0.03 0.52*
(0.14) (0.29)
diversity,,, ., 0.01 0.58*
(0.15) (0.35)
diversity ,qm -0.05 0.56*
(0.14) (0.29)
speed 0.19** 0.17* 0.42%** 0.39** 0.38%* 0.40**
(0.09) (0.09) (0.11) (0.16) (0.15) (0.16)
Demographics
incomep. 0.61* 0.57 0.50* 0.92***  0.95"*  0.93***
(0.36) (0.34) (0.26) (0.36) (0.34) (0.34)
educ 3.27** 3.20%** 2.62%** 2.79* 2.58*** 2.79*
(1.31) (1.21) (0.79) (1.51) (1.47) (1.54)
Market structure
COMP f4ciity -0.45 -0.57 -0.12 -0.04 -0.08 -0.04
(0.38) (0.37) (0.33) (0.49) (0.50) (0.48)
COMP 4o ruice -0.01 0.06 -0.08 0.08 0.03 0.07
(0.22) (0.20)  (0.20) (0.32)  (0.32)  (0.32)
Intercept 11,77 S11.48%%F -9.49% =997 971 -9.99%
(1.58) (1.36) (1.33) (2.56) (2.69) (2.69)
No. of observations 71 71 71 71 71 71
Sargan/Hansen® 0.19 0.16 0.18
Underidentification® 0.01 0.02 0.06
F of excl. IVs: pfip 10.32 9.92 9.77
F of excl. 1Vs: diversity; 16.19 23.62 17.26
Hausman? 0.09 0.01 0.01

Significance levels: *: 10% % 5%  * x*x 1%.
Heteroscedasticity robust standard errors in parentheses.
@ p-values are reported.
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In specifications (5) and (6) tariff diversity at the country level is either calcu-
lated as the range between the minimum and the mean, diversity,,,,, or the average
absolute deviation from the median, diversity,,,, of the broadband plans’ prices.
Both regressions basically show the same results as before. The own-price elastici-
ties are highly significant, negative and in the elastic range (-1.96 and -1.90). The
coefficients of diversity,,,, and diversity,,, are significant and positively related to
broadband demand (+0.52 and +0.56), the same holds for the third tariff charac-
teristic speed (++0.38 and +0.40). Advancements in the financial and educational
background are found to intensify broadband adoption. Again we detect no effect
of the degrees of facility-based and service-based competition on demand.

Overall, our results provide strong evidence of significant price-related effects.
As intended by numerous governments, price reductions are the main key factors
to spur broadband adoption. The estimated own-price elasticities exceed previous
estimates (Bouckaert et al., 2010; Lee et al., 2011; Galperin and Ruzzier, 2013),
likely due to the quite recent data which underlies our analysis. In addition, our
analysis reveals that price diversity positively affects demand. Consequently, pricing
schemes have to be diversified in order to attract different classes of consumers. As
confirmed by other studies, we find that quality of service, income, and the level of

education are important determinants of demand for broadband services.

3.4.2 Robustness checks

We assess the robustness of our results by employing additional specifications. To
account for standardized systems of law and regulatory frameworks, we include
regional effects for Africa, Asia-Pacific, Europe, and LAC as well as a binary variable
indicating OECD membership. Further, as common in other studies, we replace
the continuous competition measures with dummy variables (e.g., Cava-Ferreruela
and Alabau-Munoz, 2006; Garcia-Murillo, 2005; Kongaut and Bohlin, 2014).1% The

inter-platform competition variable equals one if there is at least one DSL and one

10 A5 a further robustness check, we also calculated the HHI as the sum of technologies’ squared
market shares of (i) DSL and non-DSL technologies and (ii) for DSL, cable, fibre, and all other
technologies. However, results do not change.
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Table 3.2: Robustness checks

Dependent variable: peng,

2SLS 2SLS
full sample < 20%
Variable (1) (2) (3) (4) (5) (6)
Tariff characteristics
Dfix -2.54%%F  J1.81*%F -1.97*F S3.11F 2. 38%FF L2123
(0.66) (0.40) (0.46) (0.86) (0.53) (0.50)
diversity ., 0.67* 0.89*
(0.38) (0.47)
diwversity .., 0.56* 0.66*
(0.32) (0.39)
diversity ,am 0.46* 0.46*
(0.25) (0.26)
speed 0.47** 0.29** 0.28% 0.29 0.15 0.17
(020)  (0.13)  (0.16) (0.24)  (0.22)  (0.21)
Demographics
incomep. 1.33***  0.91**  0.87*** 1.38***  0.99***  0.90***
(0.27) (0.32) (0.30) (0.28) (0.31) (0.32)
educ 2.08 2.12* 1.62 1.70
(1.37)  (1.29) (1.40)  (1.43)
Market structure
COMP 14 citity 0.03 -0.01
(0.45) (0.57)
COMP 4 orvice 0.06 0.03 -0.31 -0.21
(0.29)  (0.32) (0.41)  (0.40)
AUy f4.citity 0.50 0.19 0.67 0.32
(0.46) (0.35) (0.56) (0.47)
dummyservice 0.33 -0.20
(0.35) (0.51)
Intercept -5.52%  -8.82***  -7.35%** -5.02 -7.04%* -6.06"
(320)  (251)  (2.86) (3.55)  (3.42)  (3.32)
Regional effects No Yes Yes No Yes Yes
No. of observations 82 71 71 61 53 53
Sargan /Hansen® 0.38 0.17 0.23 0.49 0.48 0.36
Underidentification® 0.01 0.01 0.02 0.08 0.06 0.09
F of excl. 1Vs: pgg 11.86 10.24 11.94 9.22 9.47 9.55
F of excl. IVs: diveTsityj 22.91 20.03 16.39 21.90 18.78 16.62
Hausman® 0.06 0.03 0.01 0.1 0.08 0.01

Significance levels: *: 10%  #%: 5%  *x % 1%.
Heteroscedasticity robust standard errors in parentheses.
@ p-values are reported.
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non-DSL operator and the intra-platform competition dummy equals one if at least
two DSL operators are active in a country.

We estimate the robustness checks for the full sample and a reduced sample com-
prising only countries with a penetration rate equal or less than 20%. The sample
reduction permits to evaluate the effects of different demand shifters for (techno-
logically) developing countries separately. This is of crucial importance because
their shortages should first be addressed in order to bridge the digital divide. Table
3.2 states the robustness checks for the full sample in columns (1)-(3) and for the
sub-sample in columns (4)-(6).

When including regional effects and/or competition dummies, our results con-
tinue to hold for all calculation methodologies of tariff diversity. Regarding the
full sample regressions, a robust positive relationship is recorded between broad-
band penetration and reduced prices, broadened tariff diversity, enhanced download
speed, increased income, and a higher level of education.

Considering the sub-sample of 63 almost exclusively non-OECD countries, our
principle results remain valid across all specifications. As for the full sample, there
is convincing evidence that demand is boosted by a reduction of prices, increased
tariff diversity, and available income. In line with Lin and Wu (2013) and Galperin
and Ruzzier (2013), we find that the own-price effect is amplified in comparison to
the full sample, underpinning the importance of affordable prices for late adopters.
The consistent and partly even increased positive effect of tariff diversity highlights

the benefits of innovative pricing schemes.

3.5 Conclusion

The present paper is the first to analyze the effect of tariff diversity on the adoption
of broadband internet access using a cross-country sample of 82 OECD and non-
OECD member states. The majority of cross-national studies has considered OECD
countries only but their results have been generalized to apply to all countries alike.
Only a few studies deal with non-OECD member states explicitly as we do. In

contrast to previous studies (e.g., Gulati and Yates, 2012), we are able to analyze
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the effect of various factors on diffusion also in the least developed countries, which
is of crucial importance given that developing countries are still lagging behind in
the digitalization of various fields of society.

Avoiding possible endogeneity problems regarding our estimation strategy, we
apply an instrumental variable approach. To measure tariff diversity at the country-
level, a detailed data set comprising over 1000 fixed-line broadband tariffs is used.
We find evidence that primarily price-related and socio-economic factors determine
broadband penetration. Especially the broadband price level crucially matters: Low
prices are the key driver to foster adoption, particularly for countries with a low
level of broadband penetration. A higher income, a better education as well as an
improved quality of service are further stimuli to broadband adoption. In addition,
tariff diversity significantly enhances demand. As suggested by traditional economic
theory, price discrimination seems to enlarge output and demand by serving also
consumers with a low willingness to pay. This result suggests that policy makers
should be lenient towards price discrimination in broadband markets. Demands by
some public interest groups to limit price discrimination in broadband markets (see,
e.g., Lyons, 2013) should be viewed with some caution according to our findings, as
reduced price discrimination may come at the cost of lower penetration rates.

There are some limitations of this study which should be kept in mind. Our
findings seem to be applicable for developing and developed markets. However, given
that the majority of countries included in the analysis are non-OECD members, the
obtained results may especially apply to emerging markets. Furthermore, aggregated
data at the country level is used which makes it impossible to account for differences
within a country. This is an aspect that has also been pointed out by other authors in
the literature (Kim et al., 2003; Garcia-Murillo, 2005). Finally, broadband adoption,
like any process of technology diffusion, is seen as a dynamic development. Such
a process of adoption evolves through time and this feature cannot be taken into
account in a cross-sectional estimation model. Consequently, future research may
use panel data once the necessary time series become available for a sufficient number
of countries. For now, it is beyond the scope of our paper to measure adoption of

broadband services over time. We are concerned with the effects of tariff diversity
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on broadband adoption in the cross section. Compared to panel data, it is more
difficult to avoid biases due to unobserved heterogeneity and missing variables. As
a result, we interpret our results with some caution. On the other hand, we apply
instrumental variable approaches for variables where we feel the need to avoid biases
due to potential endogeneity. Due to careful analysis using instrumental variables
and several robustness checks, we are able to show that our results are reasonably
robust. Creating a panel to analyze the effects of tariff diversity over time and
getting a better picture of the relationship between tariff diversity and the process
of broadband adoption is a topic of its own which we have to leave for future research.

In conclusion, the results obtained by the model provide some useful first insights
and point to the importance of factors that are often overlooked in broadband policy,
namely the design of pricing schemes. Further research on the role tariff diversity,

using time-series data, appears highly desirable.
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Appendix

Table A3.1: Countries

Algeria
Angola
Argentina
Australia
Austria
Azerbaijan
Bangladesh
Belgium
Benin
Bolivia
Brazil
Bulgaria
Burkina Faso
Cambodia
Cameroon
Canada
Chile

China
Colombia
Cote d’Ivoire
Czech Republic

Denmark
Dominican Rep.
Ecuador
Egypt

El Salvador
Finland
France
Germany
Greece
Guatemala
Honduras

Hong Kong, China

Hungary
India
Indonesia

Iran (Islamic Rep.)

Israel
Italy
Japan
Jordan
Kenya

Korea (South)
Kyrgyzstan
Lao P.D.R.
Malaysia
Mali
Mexico
Morocco
Nepal
Netherlands
Nicaragua
Niger
Pakistan
Paraguay
Peru
Philippines
Poland
Portugal
Saudi Arabia
Senegal
Serbia
Singapore

Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Syria
Tayikistan
Tanzania
Uganda
Ukraine

United Arab Emirates

United Kingdom
United States
Uzbekistan
Venezuela
Yemen

Zambia

Countries printed in italic correspond to the tested sub-sample.
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Table A3.2: Broadband demand studies
Author Country & period Method Dep. Var. Key driving factors
Bouckaert et al. | 20 OECD countries; | RE model Broadband Inter-platform competition, intra-
(2010) 2003-2008 pen. platform competition (facility- and
service-based) have smaller effects,
speed, income, population density,
PC access and broadband price.
Briglauer (2014) EU; 2004-2012 static+dynamic Fibre pen. Effectiveness of broadband access
FE model regulation, competitive pressure
from mobile networks, previous fi-
bre penetration.
Cava-Ferreruela 30 OECD countries; | Correlation DSL+-cable Income, inter-platform competition,
and Alabau- | 2000-2002 analysis+POLS pen. cost of deploying infrastructure and
Muiioz (2006) number of dial-up Internet users.
Denni and Gru- | US; 1999-2005 Diffusion model | Broadband Inter-platform competition. The
ber (2007) (RE+FE) pen. diffusion speed diminishes with the
number of firms and the size of the
firms.
Distaso et al. | 14 EU countries; | FE-IV  regres- | Broadband Tnter-platform competition, lower
(2006) 2000-2004 sion pen. prices of LLU.
Galperin and | 23 LAC + 29 OECD | OLS+2SLS Broadband Price level, education, age.
Ruzzier (2013) countries; 2010 pen.
Garcia-Murillo 100 countries; 2001 Logit regression | Broadband Income, population density, (do-
(2005) model+OLS pen. mestic) content, inter- and intra-
platform competition.
Gruber and | 167 countries; 2000- | Diffusion model Broadband Intra-platform competition.
Koutroumpis 2010 pen.
(2013)
Gulati and Yates | 108 countries; 2008 OLS Broadband Technologically advanced countries:
(2012) pen. investment in ICT, governments
and regulation, education, urban-
ization; technologically developing
countries: inter-platform competi-
tion, investment in ICT, democratic
political structures, income, income
inequality.
Hoffler (2007) 16 Western European | POLS+IV Broadband Inter-platform competition from ca-
countries; 2000-2004 pen. ble TV (inverted U-shape).
Kim et al. (2003) 30 OECD countries; | OLS Broadband “Technological preparedness”, popu-
2001 pen. lation density.
Klein and Wendel | 16 EU  countries; | OLS+FE Broadband Intra-platform competition positive
(2014) 1997-2013 pen. or negative depending on level of
broadband penetration.
Kongaut and | 30 OECD countries; | 2SLS + G2SLS Broadband Income, urbanization, PC pene-
Bohlin (2014) 2002-2008 pen. tration, inter-platform competition,
intra-platform competition if coun-
tries had difficulties encouraging
inter-platform competition.
Lee and Brown | 110 countries; 2005 OLS Broadband Inter-platform competition, broad-
(2008) pen. band speed, ICT use and content.
Lee et al. (2011) 30 OECD countries; | Logistic  diffu- | Broadband Local loop unbundling, price level,
2000-2008 sion model pen. income, education, population den-
sity.
Lin and Wu | 34 OECD countries; | Gompertz diffu- | Broadband Early adopter: income, education,
(2013) 1997-2009 sion model pen. content; early majority: platform
competition, previous broadband
penetration; late majority and lag-
gard: broadband price.
Trkman et al. | 25 EU countries; 2006 | Factor analysis Broadband Communication technology expen-
(2008) pen. ditures, PC access, internet pene-

tration, income, fixed phone pene-
tration, population density, educa-
tion.
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Table A3.3: Variables description and source
Variable Description Source, Year
peng, Fixed broadband penetration [subscriptions per | ITU, 2012
100 inhabitants].
Dfix Fixed broadband monthly subscription charge | ITU, 2012
[in US dollars].
speed Average advertised maximum download speed | ITU, 2012
for fixed broadband connection [in Mbps].
diversitysq Standard deviation of prices of fixed broadband | Google, 2012
offerings in a country.
diversityy,m Difference between minimum and mean of prices | Google, 2012
of fixed broadband offerings in a country.
diversityqdm Average absolute deviation from the median of | Google, 2012
prices of fixed broadband offerings in a country.
incomep. GNI per capita [in US dollars]. World Bank, 2011
educ Expected years of schooling. Human Development
Report, 2011
COMP facility Herfindahl-Hirschman Index of DSL, cable and | ITU, 2012

COMP service
dummysacility

dummyservice
urban
internetogio
free

score

Wsd

Usd, av

7’“7”771

YUmm,av

Z.Uadm

YWadm,av

other fixed broadband technologies.

Number of competing DSL operators.

Dummy variable; equal to 1 if there is at least
one DSL and one non-DSL operator in a country,
zero otherwise.

Dummy variable; equal to 1 if there are at least
two DSL operators in a country, zero otherwise.
Urban population [in 10,000].

Fixed internet subscriptions in 2010 [in 10,000].
Index of Freedom from Corruption [0-100].

Index of Economic Freedom [0-100].

Standard deviation of fixed broadband offers in
the closest related neighboring country.

Average Standard deviation of fixed broadband
offers in all neighboring countries.

Difference between minimum and mean of fixed
broadband offers in the closest related neighbor-
ing country

Average difference between minimum and mean
of fixed broadband offers in all neighboring coun-
tries.

Average absolute deviation from the median of
fixed broadband offers in the closest related
neighboring country

Average of the average absolute deviation from
the median of fixed broadband offers in all neigh-
boring countries.

Google, 2012

Google, 2012

Google, 2012.

World Bank, 2012
ITU, 2012

The Heritage Founda-
tion, 2012

The Heritage Founda-
tion, 2012

Google, 2012

Google, 2012

Google, 2012

Google, 2012

Google, 2012

Google, 2012
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Table A3.4: Summary statistics

Variable Measured in Mean Std. Dev. Min. Max. N
peng, per 100 inhabitants 12.13 129  0.02 40.15 82
D fix US dollars 25.7 14.5 4.2 89.1 82
diversitysq US dollars 32.4 30.7 1.8 118.1 82
diversitymm US dollars 31.5 26.0 1.3 102.5 82
diersitygam US dollars 22.9 21.9 1.3 87.8 82
speed Mbps 4.5 7.8 0.3 50 82
incomep, US dollars  14,624.8 14,449.2 10 59,9932 82
educ years 12.9 3.0 4.9 18 82
COMP facility 0-10,000 6457 2466 0 10,000 82
COMP service 1.7 0.9 1 4 71
dummy facitity 0.7 0.5 0 1 82
dummy service 0.4 0.5 0 1 82
mnternetooio 10,000 inhabitants 578.2 1723.4 0.1 12633.7 82
free 0-100 42.7 23.5 10 93 82
score 0-100 46.8 26.0 5 90 82
urban 10,000 inhabitants  3,523.6 8,307.6  99.2 6,0068.3 82
1Wsq US dollars 32.0 27.8 4.6 118.1 82
Wsd,av US dollars 32.3 21.3 4.6 106.1 82
Wimm US dollars 32.2 26.4 4.0 98.5 82
Winm,av US dollars 32.2 18.7 9.2 90.7 82
Wadm US dollars 24.3 17.5 4.9 85.9 82
Wadm,av US dollars 23.5 12.9 6.3 59.0 82

Variables are expressed in levels.
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Table A3.5: Cross-correlation table

Variables peng, P fia diversitysqg  dwversitymm  diversitygqm
peng, 1.000
Dfix 0.105 1.000
diversitysq -0.450* 0.009 1.000
diversitymm  -0.396* 0.083 0.950* 1.000
diversityoqm — -0.457* -0.003 0.989* 0.965* 1.000
speed 0.670* 0.256* -0.435* -0.375* -0.454*
ncomepc 0.838* 0.295* -0.419* -0.374* -0.434*
educ 0.854* 0.106 -0.497* -0.419* -0.500*
COMP facility  -0.542% -0.024 0.243* 0.242* 0.252*
COMP service 0.218 0.050 -0.252* -0.182 -0.243*

speed IMCOMepc educ COMP facility COMP service

speed 1.000
MCoOmepc 0.647* 1.000
educ 0.626* 0.767* 1.000
COMP facility  -0.416* -0.500* -0.486* 1.000
COMP service 0.181 0.220 0.272* 0.070 1.000

x: Significant at 5% level or higher.
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4.1 Introduction

Increasing access to and usage of broadband internet has become a national policy
priority for most governments since broadband penetration has been identified as
a key driver for economic prosperity (e.g., OECD, 2008; ITU and UNESCO, 2013;
Roller and Waverman, 2001; Czernich et al., 2011). However, positive economic
effects can only materialize if subscribers make use of the deployed infrastructure,
which is only partly the case. Notwithstanding substantial efforts, nearly 30% of
Europeans had never been using the internet in 2010, and in 2015 still an 18% of
EU population aged 16 74 had no usage history (Eurostat, 2015). Regarding Next
Generation Access (NGA) networks, a recent study reveals that, for instance, in
Germany only a small fraction of the deployed fibre infrastructure is actually used. !

As a result, in recent years a large body of empirical literature emerged, carv-
ing out determinants of broadband adoption (Denni and Gruber, 2007; Gruber and
Koutroumpis, 2013; Kongaut and Bohlin, 2014; Briglauer, 2014), but despite a gen-
eral consensus that the price level plays an important role, neither the determinants
of broadband internet access prices nor the resulting pricing structure came under
increased scrutiny. However, both seem utterly important to be analyzed to ensure
sound regulation and competition policy in this sector.?

Broadband customers in the European Union have been used to choosing from
a menu of broadband offerings, varying with respect to down- and upload speeds,
contract duration, price structure, and possibly bundled services.? Differentiation
strategies by Internet service providers (ISPs) on fixed and mobile broadband have
broadly been accepted as legitimate business strategies and were generally not a

matter of policy concern. However, price discrimination has generated a lively de-

' FTTH Council Europe (2016), Der FTTH Markt in FEuropa: Status, Ausblick
und die Position Deutschlands, only available in German, (see, https://langmatz.de/wp-
content /uploads/2016,/03/1-jan-schindler-ftthcouncil-der-ftth-markt-in-europa.pdf).

2Howell (2008) emphasizes that with price structures, such as flat rates, where low-usage con-
sumers extremely cross-subsidize high-usage customers, customers’ true valuations of access and
usage are obfuscated. In view of a lack of more precise information operators, regulators, and
policy-makers might eventually make wrong decisions to invest or to regulate.

3Bundles may include any combination of broadband internet, fixed-line telephony, delivered via
PSTN or VoIP telephony, TV or entertainment services as well as mobile voice and data services.



4.1. INTRODUCTION 69

bate in some countries with some public interest groups demanding more uniform
tariffs (see, e.g., Odlyzko et al., 2012; Lyons, 2013). Critics have claimed that market
segmentation leads to consumer confusion and unjustified high prices in the pres-
ence of too much variety caused by too many tariffs. Price discrimination in the
telecommunications sector, especially usage-based pricing (UBP), is thus seen as a
serious threat to consumer welfare. Consequently, different policy actions aimed at
reducing or prohibiting differentiated pricing schemes. For example, the Data Cap
Integrity Act of 2012* demands that “an Internet service provider may not impose
a data cap on the consumers of the provider” (p. 3) and the more recent merger
between the fixed broadband providers Charter Communications, Time Warner Ca-
ble, and Bright House Networks in 2016 was subject to the agreement to refrain
from differentiated pricing practices by prohibiting usage-based pricing for seven
years.® In addition, universal service obligations sometimes explicitly prohibit to
differentiate prices geographically and/or between consumer types.°

On the other hand, academics and regulators have argued in favor of tariff di-
versity and have stressed its positive effect on broadband adoption and network
management. Regarding the supply side, Lyons (2013), for example, considers pric-
ing flexibility a useful tool for operators to spread network costs, to promote greater
efficiency, and to recover costs that can be used to invest in future network infras-
tructure. Regarding the demand side, Bauer and Wildman (2012) show that tariff
diversity gives consumers more choices to better fit their bandwidth needs by distin-
guishing between low-volume and high-volume users. Pointing out that especially
inexperienced broadband users find it difficult to predict which online activities they

will engage in and how much they will value them, low cost-low usage tier options

‘Data Cap Integrity Act of 2012, S.3703 - 112th  Congress  (see,
https://www.congress.gov/112/bills /s3703 /BILLS-112s3703is.pdf).

°See the Memorandum Opinion and Order of the FCC from May 2016, FCC 16.59 (see,
http://transition.fcc.gov/Daily Releases/Daily Business/2016/db0510/FCC-16-59A1.pdf).

SInternational Telecommunication Union (see, http://www.itu-
coe.ofca.gov.hk/vtm /universal /faq/ql.htm).
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can be used to incentivize broadband subscription for the first time.” The objective
of this paper is to empirically test the relevance of this second effect.

So far, related studies have explored the determinants of (a) broadband demand
and (b) broadband prices. The first strand examines socio-economic, geographic,
and policy factors, such as income, level of urbanization, and the regulatory regime
(e.g., Garcia-Murillo, 2005; Lin and Wu, 2013; Galperin and Ruzzier, 2013; Kongaut
and Bohlin, 2014). Regarding inter- and intra-platform competition, the former is
found to be a stimulus to broadband demand, whereas results for intra-platform
competition are ambiguous (Distaso et al., 2006; Bouckaert et al., 2010; Gruber and
Koutroumpis, 2013; Nardotto et al., 2015).® These findings challenge the viability of
the existing regulatory framework. Currently it targets the effectiveness of wholesale
broadband access regulation imposed on the incumbent’s first generation network
which, however, might impede the rollout of future ultra-fast networks (Briglauer,
2014; European Parliamentary Research Service, 2015). The second strand analyzes
broadband retail prices and shows that data restrictions lead to lower prices and
that increased quality, in terms of increased download-speed, drives prices upwards
(Wallsten and Riso, 2010). Calzada and Martinez-Santos (2014) document that
DSL-based offers are the most expensive and incumbents’ prices exceed those of
entrants. The latter may stem from their wider coverage, their reputation or the

incumbents’ concerns about the price-squeeze tests set by competition authorities. *

"Demand for diversified offers is also prevalent in the TV market. In the US, for instance,
the cable companies Verizon, Dish, and Cablevision started offering cheaper, slimmed-down
bundles of dozens of TV channels as opposed to hundreds, and immediately saw a substan-
tial shift from their installed subscribers and at the same time gained new subscribers (The
Washington Post (2015), Cable companies pare down bloated TV bundles to stem tide of
cord-cutters (see, https://www.washingtonpost.com /business/economy /cable-companies-pare-
down-bloated-tv-bundles-to-stem-tide-of-cord-cutters/2015/09/18 /ac67a0a8-5e53-11e5-b38e-
06883aacba64 _story.html).

8 Broadband competition can occur as facilities-based competition between different technologies
(e.g., DSL-, cable-, and fibre-based technologies), referred to as inter-platform competition, or as
service-based competition over the same infrastructure through open access provisions at various
network layers, referred to as intra-platform competition.

9Although retail prices are not a matter of continuing regulatory concerns in the EU any-
more, they are assessed in order to prevent a “margin squeeze”, which occurs when incumbents set
wholesale and retail prices with a narrow margin such that a downstream firm cannot survive or
effectively compete.
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Yet, with the exception of Haucap et al. (2016), the empirical literature has been
silent on the impact of retail pricing structures on demand, though the effect might
be ambiguous. Price discrimination in the retail broadband market might either (a)
increase demand by allowing suppliers to serve low-value customers without lowering
the price for high-value customers, or (b) decrease demand, as consumers may be-
come confused over the variety of tariffs, potentially intended to obfuscate them, and
finally reluctant to sign a contract (Spiegler, 2006). The success of easy to grasp flat
rate tariffs, associated with a rather modest price difference between offerings, may
suggest that simple tariffs in fact outclass more diverse and complicated offerings
when it comes to fostering broadband demand.

In line with classical industrial economic theory that price discrimination en-
larges output and demand, Haucap et al. (2016) provide empirical evidence that
an increase in tariff diversity provides a significant impetus to broadband adoption.
The authors use an instrumental variable approach to estimate demand for fixed
broadband services in 82 countries. To measure tariff diversity on a country-level a
dataset comprising over 1000 fixed-line broadband tariffs is used. However, and in
comparison to the present study, their analysis is based on a cross-sectional dataset
with a relative small number of analyzed fixed broadband plans and a majority of
non-OECD countries. Consequently, the authors cannot take into account dynamic
developments and their results may not be applicable to more technologically ad-
vanced countries like the European Union member states. This paper aims to fill
this void.

The present paper analyzes how the differentiation of broadband tariffs influences
fixed broadband demand including subscriptions to NGA networks. In the follow-
ing, the term tariff diversity refers to the possibility that each broadband provider
may offer potential customers a diversity of tariffs to choose from, each associated
with a different level of quality. This is often referred to as usage-based pricing
when referring to variation in tariffs associated with different bandwidths and data
caps. We account for, first, second-degree price discrimination from selling tariffs
with different download speeds, varying contract durations, tiered plans or volume-

and time-based pricing and, second, third-degree price discrimination by selling to
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different consumer groups, e.g., offering ‘student’ or special ‘internet starter’ plans. 1°

When price variation is associated with bundling, in which case individual prices are
not cleanly identified, we are looking at implicit price discrimination which, how-
ever, is not the focus of this paper.!! The analysis is based on a rich dataset that
originally contains 10,200 residential retail broadband offers for 23 European states
between 2003 and 2011. The econometric estimation explicitly accounts for endo-
geneity due to omitted variables or reverse causality. A multiplicity of measures
for price dispersion in conjunction with a broad set of control variables ensures the
robustness of the analysis.

The results indicate that broadband demand is positively related to increased
tariff diversity, suggesting that policy makers should be lenient towards price dis-
crimination in broadband markets as reduced price discrimination may come at the
cost of lower penetration rates. Moreover, facilities-based competition is found to
be a stronger driver of broadband penetration than service-based competition. The
intention of the European Commission to promote facilities-based competition there-
fore seems to be the appropriate policy for regulators in order to further promote
broadband adoption.

The remainder is structured as follows: Section 4.2 outlines the empirical strategy
and provides a detailed description of the dataset. Results are presented in Section

4.3, Section 4.4 concludes.

4.2 Model specification and data

4.2.1 Empirical strategy

In line with previous empirical research, broadband adoption is specified as a func-

tion of the competitive environment as well as topographic and socio-demographic

1"Note that the analysis does not directly test the effect of UBP versus flat rate pricing, as nicely
done in Nevo et al. (2016) for broadband usage. We rather look at price dispersion at an aggregated
level, accounting for different forms of second-degree and third-degree price discrimination. Hence,
the observed tariff diversity is inevitably influenced by the difference of metered and unlimited
offers, but not exclusively.

1The impact of bundles is evaluated as a robustness check, see Section 4.3.2.
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factors, such as population density and economic prosperity. Plan-specific variables
are included and network effects are accounted for by adding the lagged depen-
dent variable. Following Kim et al. (2003) and Cava-Ferreruela and Alabau-Munoz
(2006), the dynamic reduced-form model of fixed broadband adoption for country i

at time ¢ reads

fob_suby, = ag + Bofbb_suby,_yy+7 Tie + 0 Cip + 0 Xip + 0 + N + e, (4.1)

where fbb sub denotes the number of broadband subscriptions. [y measures
endogenous growth in terms of network effects. If the process is stationary, it holds
that |5o| < 1. Ty, Cy, and X;; are vectors of tariff characteristics, market structure
as well as demand and costs controls, respectively. Equation (4.1) also contains
country-specific effects, 6;, and period effects, \;, to control for unobserved hetero-

geneity across countries and periods, plus an unobservable error term, ¢;.

Independent variables

The key tariff characteristics in vector T;; are the monthly access price, the mea-
sures for price dispersion, and the advertised download speed. For the price variable
a negative effect on broadband adoption is predicted. In accordance with classical
industrial economics that price discrimination in final consumer markets may lead to
an expansion of output and demand, a positive relationship between tariff diversity
and the number of broadband subscribers is expected.'?> The average connection
speed is another relevant tariff characteristic that resembles the quality of service.
Increased download /upload speeds are predicted to positively affect consumers’ will-
ingness to pay, thereby increasing demand for broadband services for a given price

level.

12To account for a potential non-linear effect of price discrimination on demand, as too much
variety in pricing schemes may eventually make consumers reluctant to buy, a quadratic term
was added which, however, turned out to be insignificant irrespective of the underlying measure.
Results are not reported but available upon request.
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In C;; the following market structure related variables are subsumed: (i) the
intensity of facilities-based competition, (ii) the degree of service-based competi-
tion, and (iii) the extent of fixed-to-mobile substitution. As suggested by several
studies, a positive effect of facilities-based competition on adoption is expected.
Given that DSL remains the main form of delivery for broadband services in most
European countries, we account for intra-platform competition between different
DSL providers. Furthermore, it is common in the telecommunications industry that
carriers are active in multiple market segments, causing interdependencies. Whilst
incumbent operators may be able to leverage their position in the fixed telephony
and narrowband market into the broadband market, the market power of fixed
broadband operators is likely constrained by mobile services since mobile telephony
subscribers often access the internet via their smartphones. Hence, mobile opera-
tors enter into competition with fixed broadband providers. The phenomenon of
fixed-to-mobile substitution (FMS), that is an increasing importance of mobile tele-
phony at the expense of fixed telephony, has been studied intensively (e.g. Ward
and Woroch, 2010; Barth and Heimeshoff, 2014; Grzybowski and Verboven, 2016;
Lange and Saric, 2016) and it has been shown that FMS even affects the broadband
market. According to Briglauer (2014), FMS and NGA adoption follow an inverted
U-shaped relationship. On the one hand, competition in the legacy market incen-
tivizes investments to escape the competition and gain a firm position in the new
frontier market, leading to a positive relationship (“escape competition effect”). On
the other hand, too pronounced competition may lower rents and investment capital,
eventually yielding a slower average innovation rate and less broadband deployment
and adoption in the case at hand (“Schumpeterian effect”).

Vector X;; includes supply and demand controls. The costs of deploying and op-
erating networks depend to a large extent on the underlying technology, population
density, population dispersion, and geographic conditions. A higher population den-
sity and/or a larger share of urban inhabitants allow carriers to exploit economies
of scale as they are enabled to connect more subscribers to the deployed infrastruc-
ture. The rollout per capita is therefore less costly and broadband supply should be

promoted. The baseline demand controls are population size, income, and PC pen-
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etration. All are predicted to increase broadband adoption via different channels.
With the number of broadband connections as the dependent variable, we include
the overall number of inhabitants since ceteris paribus a larger population should
induce more connected broadband lines. Increases in economic prosperity allow to
spend more on information and communication services and PC availability is a

prerequisite for fixed broadband usage.

Estimation and identification strategy

The dynamic setup induces potential endogeneity problems that are tackled by using
the Arellano-Bond Generalized Method of Moments (GMM) estimator (Arellano and
Bond, 1991). Other estimation approaches, for example, pooled OLS, fixed-effects
or (bias-corrected) least-squares-dummy-variables estimator (LSDVC), are inappro-
priate in view of the present analysis.'> We apply the difference GMM instead
of the more efficient system GMM estimator since the latter suffers from inconsis-
tency if explanatory variables and individual time-invariant effects are correlated
(cf. Arellano and Bover, 1995; Blundell and Bond, 1998). Individual time-invariant
effects capture a broad range of unobserved factors such as consumer preferences,
geographic characteristics, and initial infrastructure stock. Each of these variables is
correlated with retail prices and subscription levels, rendering the system GMM es-
timator inconsistent (see, e.g., Grzybowski, 2014; Grzybowski and Verboven, 2016).

The difference GMM estimator eliminates the country-specific effects, 6;, and

the associated omitted-variable bias by applying a first-difference transformation. '

13Results from a pooled OLS estimation are inconsistent because the unobserved time and re-
gional effects are disregarded and the lagged dependent variable is correlated to the error term
(Roodman, 2007). Employing a fixed-effects model does not resolve the problem either. The de-
meaning transformation produces inconsistencies due to the large cross-sectional but small time
dimension of the dataset (Nickell, 1981). Finally, the LSDVC estimator for dynamic unbalanced
panel-data models requires strict exogeneity of all regressors (Bruno, 2005a,b), which is an unful-
fillable assumption in the conducted study.

Estimating Equation (4.1) in differences also avoids spurious correlations which occur when
non-stationary time series are used in a regression model. For further information see Hamilton
(1994). Testing for the presence of a stochastic trend in each variable, we find that the dependent
variable is stationary whereas the explanatory variables are integrated of order-zero or order-one.
Hence, the specification does not suffer from the spurious correlation problem and cointegration
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Taking first differences, however, induces another source of endogeneity: the lagged
dependent variable becomes correlated with the error term. In addition, there are
further concerns about endogenous variables. First, observed retail prices are deter-
mined by the interaction between supply and demand and are consequently endoge-
nous. Second, due to unobserved demand and supply shocks, the measures of tariff
diversity and the market structure variables are likely to be endogenous, too. Third,
we face reversed causality between broadband adoption and economic prosperity as
increased income may raise telecommunications infrastructure investments which in
turn boost future income (see, Roller and Waverman, 2001; Czernich et al., 2011).
Following Arellano and Bond (1991), endogeneity in the first-differenced equation
is addressed by applying an instrumental variable approach. The GMM estimator
allows to use external as well as internal instruments. Internal instruments are lags
of the independent, but potentially endogenous, variables. We employ lagged levels
as instruments for (i) the lagged dependent variable, (ii) all price-related variables
(prices, diversity measures, and income), and (iii) the market structure variables.
With contract durations up to 24-months and half-yearly data, the fourth lags of the
respective variables are implemented. Earlier lags may still be correlated with the
error term and would not resolve the endogeneity problem. Besides the inclusion of
lagged variables, the instrumentation strategy relies on external instruments in the
tradition of Hausman (1996) based on neighboring effects. This type of instrument
is applied for the retail price as well as the five different measures of price diversity.
This instrumentation strategy is reasonable if geographical and thus cost conditions
are comparable across neighboring countries but demand shocks are on a national
level. For each of the price-related variables the average in the neighboring coun-
tries is calculated and then incorporated as an instrument. Using averages levels
out potential differences in the geographical and cost conditions across neighboring

countries.

cannot be present. For brevity, results of the Maddala-Wu unit root test are not reported but
available upon request.



4.2. MODEL SPECIFICATION AND DATA 7

4.2.2 Data

Most of the data is drawn from Analysys Mason. Data on the subscription levels
are retrieved from Analysys Mason’s ‘Telecoms Market Matrix’ and all tariff specific
information (prices, speed, bundled services, and usage allowance) from the ‘Triple-
play pricing study’®. The data on broadband tariffs cover in total 10,200 residential
retail broadband offers by incumbent and entrant operators encompassing both the
commercial and technical characteristics over the period 2003-2011 on a semi-annual
basis from 23 European countries.'® Further supply and demand controls are taken
from Eurostat, the World Bank, and the Heritage Foundation. Prices and income
are measured in euros and deflated using the consumer price index. All price-related
variables, the numbers of subscribers, and the population size are expressed in loga-
rithms in Equation (4.1) in order to be interpreted as elasticities. Summary statistics
in levels are stated in Table 4.1 and a detailed description of the dataset, including
the variables used for robustness checks, is provided in Table A4.2.

Fixed broadband adoption is represented as the number of active retail sub-
scribers, constituting the sum of actively used DSL, cable modem, residential fibre,
and other fixed broadband connections (including satellite, broadband over power
lines, and WiMax).!” The price variable, fbb price, refers to the average monthly
subscription charge for fixed broadband internet service per Mbps download speed. '8
It is calculated as the average access price based on all 10,200 fixed-broadband tar-
iffs included in the dataset per country and period, thus including stand-alone and

bundled offers. fbb_price reflects the access charge plus any extra access charges

15 Analysys Mason’s ‘Tripleplay pricing study’ is an international benchmarking survey covering
DSL, cable modem, and residential FTTB-based multi-play services for consumers. To ensure data
reliability, the information is directly gathered from the companies profiled.

Y6 A1l countries included in this study are listed in Table A4.1. Not all countries enter the data
in 2003, thus we have an unbalanced panel.

17Other metrics commonly used refer to fixed-line broadband penetration levels measured in 100
of population (e.g., used in Cava-Ferreruela and Alabau-Mufioz, 2006; Lee et al., 2011; Gulati and
Yates, 2012; Lin and Wu, 2013) or in 100 of households (HofHler, 2007; Galperin and Ruzzier, 2013).
Results do not change qualitatively if the model is estimated with these alternative specifications.

18Standardizing the price with the download speed is common in the empirical literature to
capture quality differences (Kongaut and Bohlin, 2014; Garcia-Murillo, 2005; Lin and Wu, 2013;
Lee et al., 2011).
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from the incumbent for line rental and excluding promotional discounts. For flat
rate tariffs these charges equal the final bill whereas they constitute a lower bound-
ary for capped or volume- and time-based tariffs. Since there is no information
available about the number of subscribers to each plan, the price is calculated as an
unweighted average per country and period.

The measures for a country’s tariff diversity are based on the original dataset
likewise, but only including broadband-only offers, due to the impossibility to disen-
tangle the price components.'? Precisely, tariff diversity is calculated as the following
five measures of central tendency per country and period: the standard deviation
(sd), the difference between minimum and mean (minmean), the difference between
minimum and maximum (minmaz), the average absolute deviation from the me-
dian (admed), and the average absolute deviation from the mean (admean). As
consumption decisions might be somewhat sluggish due to habits and contractual
obligations, the price and diversity measures are lagged by one period.

The variable speed is calculated as the unweighted average download speed in
country ¢ at time ¢ using all 10,200 offered tariffs. It refers to the average advertised
maximum download speed in Mbps and not to speeds guaranteed to users associated
with a monthly subscription. The realized speed might vary due to congestion or
the distance between the households and its ISP’s cabinet.

The intensity of competitive rivalry between different technologies is expressed as
the Herfindahl-Hirschman Index (HHI) of DSL, cable, fibre as well as all other fixed

broadband technologies and is denoted by hhi_inter. Service-based competition,

196 illustrate some features of broadband tariffs that influence the price variable and the mea-
sures for tariff diversity, we take a closer look at the broadband plans offered by one ISP in the
fourth quarter of 2011. In total, the ISP markets 51 tariffs with monthly access prices ranging from
7.3 to 49.3 euro with an average of 27.8 euro. This price diversity can be attributed to second- and
third-degree price discrimination. Regarding the former, the download speed ranges from 1 to 15
Mbps, resulting in significant differences in the average monthly access price (7.3 vs. 31.1 euro for
stand-alone offers). In addition, contract durations vary between 12 and 24 months, causing on
average a price difference of 6 euro for contracts with a download speed of 1 Mbps. The ISP also
offers 7 volume-based plans that are considerably cheaper than flat rates with the same download
speed of 1 Mbps (17.2 vs. 27.2 euro). Regarding third-degree price discrimination, there are two
stand-alone offers with 5 Mbps download speed available to students only. In comparison to the
regular plan a student saves 2 euro, or put differently, a non-student pays a price premium of 11%.
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hhi_intra, is calculated as the HHI between the incumbent’s and the entrants’ share
in the national DSL market. The HHI is defined as the sum of technologies’ (op-
erators’) squared market shares. A higher HHI is equivalent to a more asymmetric
market structure, implying less competition between the technologies (operators).
The intensity of fixed-to-mobile substitution (fms) is expressed as the share of fixed
landlines in the total number of fixed landlines and mobile telephony subscriptions.

The included cost conditions are pop density, measured as the number of inhab-
itants per km? of land area, and urban, the share of urban population. Since these
supply controls vary within countries, some information on the local heterogeneity
of access markets is lost by using national averages, however, it is reasonable to
assume that the effects of these drivers are visible at an aggregated level. Income
is measured as the quarterly GDP per capita (gdp percapita) and pc hh expresses
the percentage of households with access to a PC over one of its members.?? Net-
work effects are considered by adding the lagged dependent variable which denotes
the aggregate demand in the previous period and measures the installed subscriber

base.

4.3 Empirical results

Estimation results from the baseline specification, incorporating the different mea-
sures of tariff diversity, are presented in Table 4.2. Columns (1) (5) state the results
measuring tariff diversity by the standard deviation of retail prices (sd), the differ-
ence between minimum and mean (minmean), the difference between minimum and
maximum (minmaz ), the average absolute deviation from the median (admed), and
the average absolute deviation from the mean (admean), respectively.

Due to the first-difference transformation of the GMM estimator, the residuals
have a moving average structure and are possibly first-order autocorrelated. The
null of no autocorrelation is rejected for AR(1) and AR(2) but not for a higher

2ONote that the information presented covers only desktop PCs and that this particular market
has been relatively stagnant in recent years as an increasing share of people have chosen to buy
more portable formats, such as laptops, netbooks or tablets.
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order, confirming that deeper lags have to be used as instruments. Serial correlation
at order one in the first-differenced errors is a consequence of the transformation
and does not imply that the model is misspecified. Autocorrelation of a higher-
order AR(s), however, indicates that the moment conditions are not valid and that
the s-th lag of the dependent variable is not a valid instrument. To test for the
exogeneity of the included instruments, the Sargan-Hansen’s J test is applied. With
p-values between (.15 and 0.40, the test statistics indicate that the null hypothesis
of valid over-identifying restrictions cannot be rejected in either regression. The
reported standard errors are robust to arbitrary forms of heteroscedasticity and

autocorrelation.

4.3.1 Main results

Irrespective of the included measure of tariff diversity, all significant variables have
the expected signs. The lagged subscription level, fbb_sub;_1, is highly significant
and substantial (0.64-0.66), pointing to the importance of network effects which
autonomously push adoption in the broadband market. The retail price elasticity is
negative and with coefficients between -0.04 and -0.06, the long-run elasticities are
estimated to lie in the interval [-0.168, -0.112].?! In the long-run a price decrease of
10% induces an increase of 52,824-79,237 connections on average which, for instance,
nearly resembles half of the fibre-based connections in Germany at the end of 2011.

The coefficients of the diversity measures are positive and significant in each
specification, verifying the findings in Haucap et al. (2016). Although the coeffi-
cients are only weakly significant at the 10%-level (and for some robustness checks
at the 5%-level), the persistent positive signs suggest that there is in fact a positive

effect.?? Regarding the economic significance the effect is less pronounced than for

210ne advantage of the dynamic estimation approach is the possibility to disentangle short and
long-run elasticities. While the short-run elasticities are directly estimated as the coefficients ~;,
d;, and ;, the long-run elasticities can be easily obtained as the fraction of the coefficient and the
“speed of diffusion”, 1 — f.

22Considering the number of DSL, cable, and fibre subscribers separately as the dependent
variable, yields comparable results: A positive statistically significant effect of price discrimination
on the number of DSL and cable subscribers, and a positive, however, statistically insignificant
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Table 4.2: Main results

Dependent variable: fbb  sub

(1) 2) (3) () (5)
L.fob_ sub 0.642%** 0.645%** 0.642%** 0.642%** 0.662%**
(0.059) (0.062) (0.067) (0.059) (0.059)
L.fob_ price -0.054%* -0.060%* -0.040%* -0.054* -0.048%*
(0.028) (0.029) (0.019) (0.030) (0.027)
L.diversity _sd 0.039*
(0.022)
L.diversity minmean 0.044*
(0.024)
L.diversity minmaz 0.028*
(0.016)
L.diversity admedian 0.039*
(0.023)
L.diversity admean 0.034*
(0.021)
speed 0.000 -0.000 0.000 0.000 -0.000
(0.001) (0.001) (0.001) (0.001) (0.001)
hhi_inter -0.949%* -0.996%* -1.021%%* -0.931%* -0.924%*
(0.410) (0.417) (0.365) (0.407) (0.401)
hhi_intra -0.129 -0.0961 -0.150 -0.0897 -0.106
(0.151) (0.143) (0.155) (0.145) (0.139)
fms 4.331%* 3.795%H* 4.073%%* 4.548%+* 4.275%%%
(1.736) (1.398) (1.538) (1.734) (1.620)
fms_ sq -8.43BKK T RTBHIRE g 44THIE B RROFHH  _8.333F*
(3.260) (2.739) (3.008) (3.313) (3.084)
pop  densily -0.002 0.003 0.003 0.001 0.001
(0.012) (0.012) (0.013) (0.013) (0.012)
urban 0.026 0.009 0.001 0.020 0.025
(0.028) (0.036) (0.031) (0.032) (0.027)
gdp percapita 0.295%*%  0.240%**  0.279%%*  0.312%FF  (.305%**
(0.076) (0.061) (0.069) (0.078) (0.077)
pc_hh 1.095%** 1.158%%* 1.064%%* 1.029%** 0.965%%*
(0.368) (0.368) (0.332) (0.361) (0.334)
population 1.314 0.557 0.799 1.228 1.062
(1.063) (0.971) (0.920) (1.060) (1.050)
N 301 301 301 301 301
Sargan Test y2-stat 80.65 76.68 75.48 84.24 85.39
p-value 0.25 0.36 0.40 0.17 0.15
AR(4), Prob>z 0.09 0.10 0.10 0.10 0.10

Heteroscedasticity and autocorrelation robust standard errors in parentheses.
Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.

All regressions include a constant as well as a linear and squared time trend which
are not reported for brevity.
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prices, but still noticeable. A 10% increase in tariff diversity, results on average
in nearly 50,000 new connections in the long-run. Supporting the classical perspec-
tive, price differentiation and diversified tariff structures seem to increase broadband
adoption, most likely by attracting consumers with a low willingness to pay. This
effect seems thus to prevail over a potential negative effect from segmenting con-
sumers to extract more surplus. Consequently, the results suggest that prohibiting
price-discrimination can impede broadband adoption as some consumers may not
find a suitable offer. Claims that merely flat rate tariffs, associated with a modest
level of price dispersion, should be offered should therefore be viewed with some
caution.?

Regarding the market structure variables, we observe a clearly negative impact of
concentration in the fixed broadband market, or put differently, a positive impact of
facilities-based competition. The same does not hold for service-based competition.
Following Nardotto et al. (2015), a possible explanation might be that local loop
unbundling entry only triggered broadband subscriptions in the early stage of adop-
tion, but no longer when the market matured. The current emphasis on regulated
wholesale access with the objective of encouraging investments by both incumbents
and entrants might not be as effective as promoting inter-platform competition. In
line with this finding, the European Commission aims at re-designing the regulatory
framework in order to encourage investments in new but capital intensive ultra-fast
broadband networks, since the current telecommunications policies and regulation
seem to oppose these attempts (European Parliamentary Research Service, 2015).
As in Briglauer (2014), a non-linear relationship with respect to fms is detected. The
optimal competitive market condition for broadband adoption is estimated to range
between 24.1% and 25.7%. An European average of fms = 22.1% suggests that the

effect on fibre. The latter at least suggests that price discrimination does not slow down NGA
adoption.

2 From a dynamic perspective, as argued by Heatley and Howell (2010), price-discrimination can
also enable firms to increase welfare by accessing scale economies (static efficiency gains) and to
introduce a new technology earlier than under the counterfactual of a single price by capitalizing on
economies of scale arising from a steeply-decreasing average cost curve (dynamic efficiency gains).
The latter aspect might be especially important for fibre-based technologies given that its demand
is still modest in many countries.
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escape competition effect is dominated by the Schumpeterian effect; fierce compe-
tition in the voice market might have slowed down the deployment of (ultra-fast)
broadband and its adoption.?*

The demand controls are positive and highly significant, providing evidence that
adoption increases in income and pointing to the necessity of complementary prod-
ucts and skills and overall ICT affinity (cf. Bauer et al., 2014). In contrast, neither
speed nor one of the cost controls is statistically different from zero which is likely

due to the low degree of variation and the aggregation at the national level.

4.3.2 Robustness checks

This section presents additional estimations which confirm the findings from the
previous section (see Tables A4.3-A4.7 in the Appendix).? Regarding the main
variable of interest, we find a positive effect of the degree of price-discrimination
throughout all specifications. Thus, irrespective of the measure of tariff diversity
and the included control variables, price-discrimination in the broadband market is
found to foster adoption.

We start by investigating whether the results are driven by low income countries,
as one could infer from Haucap et al. (2016). In order to test whether the positive
effect of tariff diversity persists for higher incomes and probably more data-intensive

broadband demand, the sample is split in half by restricting the analysis to observa-

24 Note that fms is a simple average that gives equal weights to every country and period, in-
dependently of the population size, and potentially obfuscating considerable variation between
countries and over time. In the beginning of the sample period a large share of fixed line tele-
phony was common. However, during the sample period and especially in recent years more and
more subscribers cut the cord. Given the significant decline in the number of fixed line telephony
subscribers, some countries went from “not enough” to “too much” competition in comparison to
the estimated optimal competitive market condition for broadband adoption. Other countries ap-
proached the optimum in the last years of the sample period. The finding that the Schumpeterian
effect dominates the escape competition holds for all included Central and Eastern European coun-
tries in all periods. Moreover, for example, in the Netherlands and in Finland market conditions
significantly shifted towards mobile services, wherefore the Schumpeterian effect dominates since
2005/2006. In other countries such as Spain, France, and Sweden the measure for fms fell as well,
but remained close to the optimal level. Only in the UK the escape competition prevailed in all
years, however, closely approaching the estimated optimum.

25Variable descriptions can be found in Table A4.2.
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tions with a quarterly income per capita above 7,000 euro. As can be seen in Table
A4.3, the results do not change qualitatively.

Second, additional dimensions of fixed broadband plans are scrutinized. Table
A4.4 presents the estimation results including the share of bundled?® and tiered tar-
iffs. Both may be used as second-degree price-discrimination mechanisms, allowing
(a) to offer packages of services which satisfy different needs and (b) to vertically
differentiate offers in the quality domain, now commonly referred to as “versioning”.
The coefficients of both variables are positive and mostly significant, affirming that
data caps and other forms of differentiation seem not to impede broadband adop-
tion but rather to stimulate it. While bundles may reduce the perceived cost of the
service, capped plans are usually cheaper than unlimited offers for the same quality
(see, e.g., Wallsten and Riso, 2010) and allow low cost-low usage offers for low-value
customers who may otherwise refrain from buying. This is particularly interest-
ing since it is service quality-based discrimination that has been the subject of the
controversy in the public and policy debate. By controlling for the share of tiered
plans separately, some part of the positive effect of tariff diversity is extracted. The
remaining positive coefficients of the different diversity measures assure that gener-
ally second- and third-degree differentiation, e.g., due to different contract durations
and speeds or tariffs targeting different consumer groups, are not an impediment to
broadband demand. All other previous results are confirmed.

Third, further cost and demand controls are added (Table A4.5). Construction
costs, mostly due to digging, are substantial for network providers and influence
operators rollout and price setting. Following the line of argument in Briglauer
(2014), the per capita costs of deployment and maintaining might be reduced with
an increased number of connections in densely populated regions, but at the same
time carrying out these works might be pricier in urban areas. Accounting for these
counteracting forces, an interaction term wurban*cost_cons is included, where vary-

ing costs of construction are captured by the construction price index. However,

26Stand-alone offers are by far the most common (46.2%), followed by double-play (28.9%)
and triple-play offers (18.3%) of fixed broadband and fixed voice telephony and/or TV. Only a
comparatively small share of offers includes mobile services.
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no significant effect is detected. We further control for the legal and regulatory
surrounding which is crucial for the supply side in a capital-intensive network in-
dustry. The indices investment _freedom and business_freedom evaluate a country
with respect to a variety of restrictions that are typically imposed on investments
and to the efficiency of government regulation of business, respectively. Both mea-
sures rate a country on a scale from 0 to 100 with an ideal score of 100. Any
economic restrictions on the flow of investment capital and any difficulties in start-
ing, operating, and closing a business are expected to constitute an impediment to
broadband deployment and adoption. The positive impact of business_ freedom on
fixed broadband demand, indeed points to the importance of a reliable political and
legal environment in industries with largely irreversible investments. As an addi-
tional demand control the total national telecommunications revenues measured in
logs, telco_rev, are included. Higher expenditures mirror higher ICT affinity and
are, unsurprisingly, found to increase broadband demand.

Fourth, more attention is paid to the mode of competition and its relation to
tariff diversity (Table A4.6). Besides the finding that price discrimination stimulates
demand, there is convincing evidence that competition fosters broadband adoption
whereas the exertion of market power hinders it. While market power is often seen as
a prerequisite for the existence of price discrimination (Varian, 1989; Posner, 1976),
various papers show that price discrimination and market power are not necessar-
ily positively correlated (see, e.g., Armstrong and Vickers, 2001; Borenstein, 1985;
McAfee et al., 2006). If, however, the former holds, regulators might face a trade-off
between the intensity of competition and the extent of tariff diversity.?” To account
for this potential trade-off inter high*diversity is included, where inter high equals
1 if there are DSL,, cable, and fibre broadband providers active in country ¢ at period
t, and 0 otherwise. The results suggest that tariff diversity exerts a positive impact
on demand in countries with a distinct level of facilities-based competition, falsifying

the hypothesis that a trade-off between competition and tariff diversity exists. The

2TNote that even if price discrimination implies the existence of market power, a high degree
of price differentiation does not provide proof that market power is substantial in antitrust trials
(e.g., McAfee et al., 2006; McAfee, 2008; Klein, 2008).
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European Commission’s intention to cut down the regulation on unbundled access
and to promote facilities-based competition seems therefore to be the appropriate
policy for regulators (see, also Bourreau and Dogan, 2006).

Fifth, and finally, the estimations in Table A4.7 account for potential (non-
linear) substitution patterns between fixed and mobile broadband, where mobile
represent the number of mobile subscribers, including all mobile broadband PC or
laptop connections via an USB modem or datacard but excluding handset access
or use of the handset as a modem.?® Since there may be common driving factors
for fixed an mobile demand, we instrument mobile broadband subscription with
its fourth lag and in order to be interpreted as an elasticity mobile is included in
logs. We find an U-shape relationship and, like Cincera et al. (2014), significant
substitution between fixed and mobile broadband on average. Bearing in mind the
pronounced fixed-to-mobile substitution in the telephony market, mobile broadband
might soon be able to dominate fixed broadband, rising the question whether any
fixed-broadband technologies, including fibre-based broadband, which is currently
considered the main infrastructure for high-speed internet, can compete with mobile

broadband in the long-run.

4.4 Conclusion

This paper is the first to use a rich dataset of 10,200 residential broadband plans to
study the impact of price differentiation on broadband adoption using longitudinal
data. We use a sample of 23 European countries from 2003 to 2011 and apply
dynamic panel data techniques while carefully accounting for possible endogeneity
problems. The paper contributes in several ways to the research literature. At
a methodological level, this article goes beyond the existing literature on price-
discrimination in the retail broadband market by accounting for several sources of

endogeneity, and utilizing GMM estimation methods. Furthermore, we can show

28Mobile broadband subscription is not part of the baseline specification as its inclusion results
in a 20% sample size reduction.
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that the results of Haucap et al. (2016) are applicable for developed markets alike,
that the effect persists over time, and that it is reasonably robust.

Most notably, second-degree price discrimination to segment customers seems to
be a means to foster broadband adoption. Demands by some public interest groups
to limit price discrimination in broadband markets (see, e.g., Lyons, 2013) should
therefore be viewed with some caution as reduced price discrimination may come at
the cost of a reduced number of subscribers. Regarding the competitive environment,
the results suggest that facilities-based competition is a stronger driver of broadband
penetration compared to the intensity of service-based competition. Starting from a
legacy infrastructure with a sole telephony network, regulation in the EU has aimed
at increasing service-based competition. However, it has been shown that with var-
ious broadband access technologies available it is inter-platform competition that
promotes broadband demand and induces a positive impact of price differentiation
on demand. Consequently, the favoritism of service-based competition may be out-
moded and policymakers should intensify their focus on facilities-based competition.

One limitation of this study is that the number of subscribers to a given plan is
unknown wherefore unweighted averages for some variables have to be used. How-
ever, by including numerous measures for tariff diversity as well as utilizing an
instrumental variables approach and several robustness checks, we are able to show
that our results are robust. Furthermore, although the analysis is based on broad-
band demand as an aggregated measure, there is no reason to assume that consumer
behavior systematically differs with respect to mobile broadband and NGA demand
or any further network enhancements that we are likely to see in the future. In
conclusion, this article advances the existing literature in several ways and points

to the importance of diversified pricing schemes to foster broadband demand.
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Appendix

Table A4.1: Countries

Austria; 20032011
Belgium; 2003-2011
Bulgaria; 2008 2011
Czech Rep.; 2007-2011
Denmark; 20032011
Estonia; 2008-2011
Finland; 2003-2011
France; 2003 2011

Germany; 2003-2011
Hungary; 2007-2011
Ireland; 2005 2011
Italy; 2003-2011
Latvia; 2008-2011
Lithuania; 2008-2011
Netherlands; 2003-2011
Poland; 2007 2011

Portugal; 2003-2011
Romania; 2008-2011
Slovakia; 2007 2011
Slovenia; 2007-2011
Spain; 2003-2011
Sweden; 2003-2011
UK; 20032011
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Table A4.2: Variables description and source

Variable Description Source
fbb_ sub Number of active retail broadband sub- | Analysys Mason (‘Telecoms
scribers, including DSL, cable, fibre, and | Market Matrix’)
other fixed broadband connections, i.e., satel-
lite, broadband over power lines, and WiMax.
fbb_price Unweighted average monthly access charge | Analysys Mason (‘“Tripleplay

for fixed broadband internet service per Mbps
download speed in euro PPP.

pricing study’)

diversity _sd

Standard deviation of access prices for stand-
alone fixed broadband offerings.

Analysys Mason

pricing study’)

(‘Tripleplay

diversity minmean

Difference between minimum and mean of ac-
cess prices for stand-alone fixed broadband
offerings.

Analysys Mason

pricing study”)

(‘Tripleplay

diversity minmaz

Difference between minimum and maximum
of access prices for stand-alone fixed broad-
band offerings.

Analysys Mason

pricing study’)

(‘Tripleplay

diversily admedian

Average absolute deviation from the median
of access prices for stand-alone fixed broad-
band offerings.

Analysys
pricing study’)

Mason

(“Tripleplay

diversity admean

Average absolute deviation from the mean of
access prices for stand-alone fixed broadband
offerings.

Analysys Mason

pricing study’)

(‘Tripleplay

speed Unweighted average advertised maximum | Analysys Mason (“Tripleplay
download speed for fixed broadband connec- | pricing study’)
tion in Mbps.

pc_hh Percentage of households with access to a PC | Eurostat
over one of its members.

gdp percapita Quarterly real GDP per capita in euro PPP. | Eurostat

hhi_inter Herfindahl-Hirschman Index of DSL, cable, fi- | Analysys Mason (“Telecoms
bre, and other fixed broadband connections. | Market Matrix’)

hhi_intra Herfindahl-Hirschman Index of incumbent’s | Analysys Mason (‘Telecoms
and entrants’ DSL connections. Market Matrix’)

bundles share Share of bundled offers consisting of any com- | Analysys Mason (‘Tripleplay

bination of fixed broadband and fixed voice,
TV, mobile voice, and mobile data.

pricing study’)

caps_ share Share of tariffs with a monthly usage tier. Analysys Mason (“Tripleplay
pricing study’)
mobile Number of mobile broadband subscribers (in- | Analysys Mason (‘Telecoms
cludes all mobile broadband PC or laptop | Market Matrix’)
connections via an USB modem or datac-
ard and excludes handset access or use of the
handset as a modem).
population Population size. World Bank
pop densily Population density. Inhabitants per sq. km | World Bank
of land area.
urban Share of urban population. ‘World Bank
fms Share of fixed landlines (including non-VoIP | Analysys Mason (‘Telecoms
cable telephony) in the total number of fixed | Market Matrix’)
landlines and mobile (pre-paid and postpaid,
excluding customers who have not used their
mobile account for more than three months)
telephony subscriptions.
telco_rev Telecommunications revenues from fixed | Analysys Mason (‘Telecoms
landline, mobile, and VoIP telephony plus | Market Matrix’)
broadband internet.
cost_ cons Labor input in construction (gross wages and | Eurostat
salaries, 2010=100).
inter  high Dummy variable, equals 1 if there are DSL, | Analysys Mason (“Telecoms

cable, and fibre broadband providers active
in country ¢ at period ¢, 0 otherwise.

Market Matrix’)

imvestment  freedom,

Index of Freedom of Investment [0-100].

Heritage Foundation

business freedom

Index of Business Freedom [0-100].

Heritage Foundation
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Table A4.3: GDP per capita > 7,000 euro

Dependent variable: fbb sub

1) @) ) 1) )
L.fbb_ sub 0.617*** 0.703%** 0.613*** 0.653%** 0.609***
(0.056) (0.054) (0.080) (0.040) (0.044)
L.fbb_ price -0.091%* -0.083%** -0.062** -0.119%** -0.095%**
(0.038) (0.032) (0.027) (0.045) (0.034)
L.diversity_ sd 0.067**
(0.034)
L.diversity minmean 0.063**
(0.028)
L.diversity_ minmagz 0.047*
(0.024)
L.diwversity admedian 0.088**
(0.039)
L.diversity_ admean 0.070**
(0.030)
speed -0.001 0.000 -0.001 -0.001 -0.001
(0.001) (0.000) (0.00) (0.00) (0.00)
hhi_inter -0.937*** -0.924%* S1.11T7RR -0.670%* -0.909%**
(0.309) (0.403) (0.313) (0.322) (0.352)
hhi_intra -0.153 -0.053 -0.110 -0.060 -0.153
(0.130) (0.102) (0.173) (0.127) (0.113)
fms 2.216 3.049 2.954 0.980 1.367
(2.112) (2.320) (1.978) (1.589) (1.960)
fms_sq -4.938 -7.826* -7.879** -2.761 -3.616
(3.646) (4.593) (3.388) (2.651) (3.363)
pop_ density -0.002 0.007 0.006 -0.002 -0.003
(0.005) (0.007) (0.008) (0.005) (0.005)
urban 0.034 -0.028 -0.031 0.043 0.059
(0.045) (0.069) (0.062) (0.054) (0.052)
gdp_ percapita 0.354%** 0.279%** 0.335%** 0.380*** 0.359%**
(0.126) (0.088) (0.098) (0.140) (0.136)
pc_ hh 0.727%** 0.87T7*%* 0.801%** 0.855%%* 0.812%*
(0.336) (0.367) (0.373) (0.342) (0.373)
population 1.232%* 0.382 1.116 0.617 1.401%*
(0.744) (1.044) (1.323) (0.683) (0.760)
N 164 164 164 164 164
Sargan Test x2-stat 62.51 66.26 55.16 72.14 67.51
p-value 0.80 0.70 0.94 0.51 0.66
AR(4), Prob>z 0.21 0.18 0.22 0.22 0.23

Heterascedasticity and autocorrelation robust standard errors in parentheses.

Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.

All regressions include a constant as well as a linear and squared time trend which are not
reported for brevity.

Countries included in this analysis are Austria, Belgium, Denmark, Finland, France, Germany,
Ireland, Italy, Netherlands, Sweden, and UK.
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Table A4.4: Dimensions of fixed broadband plans

Dependent variable: fbb_ sub

1) 2) (3) (4) (5)
L.fbb_ sub 0.620%** 0.646%** 0.621%** 0.631*** 0.652%**
(0.061) (0.077) (0.063) (0.062) (0.061)
L.fbb_ price -0.053%* -0.051% -0.038%* -0.051%* -0.046
(0.030) (0.028) (0.019) (0.031) (0.029)
L.diversity sd 0.041%*
(0.023)
L.diversity_ minmean 0.042%*
(0.024)
L.diversity  minmaxz 0.030%*
(0.015)
L.diversity_ admedian 0.039
(0.024)
L.diversity admean 0.035
(0.022)
speed -0.000 -0.001 -0.000 -0.000 -0.000
(0.001) (0.001) (0.001) (0.001) (0.001)
bundles share 0.051 0.052%* 0.059%* 0.044 0.043
(0.033) (0.030) (0.033) (0.029) (0.030)
caps_ share 0.049%%* 0.073%** 0.051%* 0.046%* 0.050%*
(0.025) (0.021) (0.023) (0.022) (0.024)
hhi_ inter -1.037%* -1.081%* -1.128%%* -0.996%* -0.998%*
(0.470) (0.505) (0.431) (0.461) (0.456)
hhi_intra -0.079 -0.051 -0.092 -0.045 -0.066
(0.132) (0.138) (0.135) (0.121) (0.119)
fms 3.818%* 2.175 3.417%* 3.920%* 3.544%*
(2.153) (1.862) (1.798) (2.111) (2.009)
fms_sq -7.651%* -5.746% S7.374%* ~7.907*%* -7.321%%
(3.754) (3.437) (3.273) (3.672) (3.525)
pop_ density -0.008 -0.005 -0.003 -0.004 -0.005
(0.013) (0.013) (0.013) (0.013) (0.013)
urban 0.046 0.038 0.019 0.038 0.046
(0.034) (0.045) (0.034) (0.031) (0.031)
gdp _percapita 0.286%** 0.236%%* 0.269%%* 0.304%%%* 0.296%**
(0.079) (0.064) (0.072) (0.079) (0.079)
pc_ hh 1.328%** T.511%** 1.273%** 1.225%%* 1.206%**
(0.429) (0.471) (0.371) (0.412) (0.409)
population 1.279 0.252 0.641 1.152 0.958
(1.085) (0.998) (0.811) (1.065) (1.076)
N 301 301 301 301 301
Sargan Test x2-stat 74.29 65.29 68.87 79.10 79.23
p-value 0.37 0.67 0.55 0.24 0.24
AR(4), Prob>z 0.11 0.14 0.11 0.11 0.12

Heteroscedasticity and autocorrelation robust standard errors in parentheses.
Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.

All regressions include a constant as well as a linear and squared time trend which are
not reported for brevity.
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Table A4.5: Additional cost and demand controls

Dependent variable: fbb sub

) @) 3) @ »)
L.fob_ sub 0.591%** 0.604%** 0.570%** 0.590%%* 0.590%**
(0.084) (0.080) (0.092) (0.083) (0.081)
L.fbb_ price -0.054%* -0.054* -0.040** -0.059* -0.055*
(0.028) (0.028) (0.019) (0.031) (0.030)
L.diversity sd 0.038%*
(0.023)
L.diversity  minmean 0.040%*
(0.023)
L.diversity_ minmaz 0.027*
(0.016)
L.diversity admedian 0.041%*
(0.025)
L.diversity_ admean 0.038
(0.024)
speed 0.001 0.001 0.001 0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001)
hhi_inter -0.888** -0.925%* -0.913** -0.875%* -0.861**
(0.372) (0.398) (0.383) (0.370) (0.359)
intra_ hh -0.091 -0.108 -0.147 -0.039 -0.055
(0.149) (0.145) (0.155) (0.150) (0.148)
fms 1.343 1.221 0.605 2.082 1.574
(1.784) (1.834) (1.991) (1.971) (1.697)
fms_sq -2.403 -3.328 -1.661 -3.700 -2.813
(2.849) (3.157) (3.236) (3.435) (2.790)
urban 0.042 0.027 0.025 0.039 0.038
(0.045) (0.049) (0.046) (0.045) (0.045)
urban*cost_cons -0.000 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
cost_ cons 0.006 0.006 0.007 0.005 0.006
(0.005) (0.005) (0.006) (0.005) (0.005)
business_ freedom 0.003%* 0.003* 0.003** 0.003* 0.003**
(0.001) (0.001) (0.001) (0.001) (0.001)
investment_ freedom 0.004 0.003 0.002 0.003 0.003
(0.002) (0.002) (0.002) (0.002) (0.002)
gdp _percapita 0.130%* 0.122% 0.130** 0.142% 0.134
(0.076) (0.066) (0.063) (0.083) (0.083)
pe_ hh 1.293%** 1.387%** 1.412%%* 1.184%** 1.166%**
(0.440) (0.456) (0.453) (0.415) (0.396)
population 0.778 0.458 0.711 0.934 0.788
(1.198) (1.040) (1.263) (1.077) (1.140)
telcom__ rev 0.293* 0.104 0.230 0.266 0.296*
(0.169) (0.130) (0.143) (0.179) (0.173)
N 292 292 292 292 292
Sargan Test x2-stat 56.04 47.06 54.71 55.75 58.50
p-value 0.83 0.97 0.86 0.83 0.76
AR(4), Prob>z 0.21 0.28 0.25 0.20 0.22

Heteraoscedasticity and autocorrelation robust standard errors in parentheses.

Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
All regressions include a constant as well as a linear and squared time trend which are

not reported for brevity.
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Table A4.6: Trade-off competition and tariff diversity

Dependent variable: fbb sub

) @) ®) @ 5)
L.fbb_ sub 0.540*** 0.579%** 0.564*** 0.534%** 0.546***
(0.085) (0.096) (0.088) (0.088) (0.084)
L.fbb_ price -0.045* -0.029* -0.028* -0.039* -0.039*
(0.023) (0.015) (0.017) (0.021) (0.020)
T.diversity sd 0.020
(0.018)
L.diversity _sd*inter high 0.021%%*
(0.010)
L.diversity minmean 0.010
(0.013)
L.diversity _minmean*inter high 0.023%%*
(0.009)
L.diversity minmax 0.014
(0.015)
L.diversity minmaz*inter high 0.014%%*
(0.007)
L.diversity admedian 0.013
(0.017)
L.diversity _admedian*inter high 0.026**
(0.012)
L.diversity admean 0.012
(0.015)
L.diversity admean*inter_high 0.023**
(0.010)
speed -0.001 -0.001 -0.001 -0.002 -0.001
(0.001) (0.001) (0.001) (0.002) (0.002)
inter_ high -0.019 -0.028% -0.016 -0.024 -0.020
(0.023) (0.016) (0.021) (0.021) (0.022)
intra_ hh -0.009 -0.003 -0.072 0.036 0.023
(0.140) (0.147) (0.135) (0.158) (0.150)
urban 0.041 0.024 0.024 0.036 0.041
(0.050) (0.046) (0.043) (0.057) (0.053)
business_ freedom 0.002%* 0.001%* 0.002%* 0.002%* 0.002%*
(0.001) (0.001) (0.001) (0.001) (0.001)
investment_ freedom 0.003 0.002 0.003 0.003 0.002
(0.003) (0.002) (0.002) (0.003) (0.003)
fms 1.704 0.437 1.256 1.296 1.470
(1.352) (1.577) (1.389) (1.693) (1.508)
fms_sq -3.496 -1.673 -3.278 -2.760 -2.932
(2.411) (2.892) (2.594) (2.982) (2.625)
gdp_ percapita 0.264%* 0.224%* 0.252%%* 0.278%* 0.272%*
(0.107) (0.094) (0.097) (0.111) (0.109)
pc_ hh 0.858*** 0.861*** 0.830%** 0.847*** 0.829%**
(0.321) (0.298) (0.309) (0.309) (0.321)
population 1.476 0.609 1.268 1.263 1.327
(1.405) (1.131) (1.475) (1.227) (1.301)
telco_ rev 0.065 0.040 0.060 0.072 0.076
(0.109) (0.105) (0.117) (0.102) (0.099)
N 301 301 301 301 301
Sargan Test Xz—stat 76.34 80.46 75.38 75.40 78.96
p-value 0.71 0.59 0.74 0.74 0.64
AR(4), Prob>z 0.22 0.23 0.21 0.24 0.22

Heteroscedasticity and autocorrelation robust standard errors in parentheses.

Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
All regressions include a constant as well as a linear and squared time trend which are not
reported for brevity.
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Table A4.7: Mobile broadband subscription

Dependent variable: fbb sub

¢D) (2) (3) (4) (5)

L.mobile -0.149** -0.129%* -0.134%* -0.140** -0.146**

(0.058) (0.054) (0.055) (0.060) (0.058)
L.mobile_sq 0.005%* 0.004%* 0.004%* 0.004%* 0.004%*

(0.002) (0.002) (0.002) (0.002) (0.002)
T..fbb_ sub 0.661*** 0.650*** 0.652%** 0.662%** 0.666***

(0.066) (0.063) (0.062) (0.066) (0.067)
L.fob_ price -0.023%** -0.030%* -0.024%%* -0.024*%* -0.020%**

(0.011) (0.015) (0.010) (0.012) (0.009)
L.diversity sd 0.015*

(0.009)
L.diversity minmean 0.020%*

(0.012)
L.diversity  minmaxz 0.016%*
(0.008)
L.diversity admedian 0.016%*
(0.009)
L.diversity admean 0.012%
(0.007)

inter_hh -0.125 -0.204 -0.147 -0.146 -0.107

(0.314) (0.386) (0.334) (0.311) (0.287)
fms -0.090 0.634 0.598 -0.070 -0.141

(1.232) (1.148) (1.129) (1.159) (1.163)
fms_sq -1.105 -2.685 -2.314 -1.232 -1.175

(2.154) (2.000) (1.945) (1.950) (2.032)
business_ freedom 0.001 0.001 0.001 0.000 0.000

(0.002) (0.002) (0.002) (0.002) (0.002)
investment_ freedom 0.000 0.000 -0.000 0.000 0.000

(0.002) (0.002) (0.002) (0.001) (0.001)
pop_ density 0.000 0.000 0.000 0.001 0.000

(0.005) (0.005) (0.005) (0.005) (0.005)
pe_ hh 0.979*** 1.061%** 0.991*** 0.975%%* 0.989***

(0.200) (0.254) (0.229) (0.214) (0.209)
gdp_ percapita 0.172%** 0.143%** 0.158%** 0.166%** 0.167***

(0.047) (0.043) (0.043) (0.047) (0.047)
population 0.298 0.200 0.397 0.199 0.241

(0.631) (0.636) (0.651) (0.617) (0.619)
N 230 230 230 230 230
Sargan Test Xz—stat 101.81 107.19 102.03 106.95 104.19
p-value 0.15 0.08 0.15 0.08 0.11
AR(4), Prob>z 0.22 0.22 0.26 0.23 0.23

Heteroscedasticity and autocorrelation robust standard errors in parentheses.

Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
All regressions include a constant as well as a linear and squared time trend which are

not reported for brevity.
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5.1 Introduction

This paper studies consumers’ choices in markets with vertical product differenti-
ation. Decisions between goods and services which are differentiated in price and
quality are widespread. For example, in grocery or electronics stores consumers
choose between various types of vertically differentiated goods on a frequent basis,
e.g., manufacturer’s brands versus home brands or simple cellular phones versus
multifunctional smart phones. Given its ubiquity, understanding the underlying
evaluation criteria yields important implications for commercial decisions like the
range of products produced and for marketing purposes, as well as for related fields
such as psychology and consumer decision research in economics (Azar, 2011).

Suppose a consumer has to choose from a set of goods which are characterized
by the attributes price and quality. Standard theory requires that the consumer
evaluates the different options separately and chooses the option which maximizes
her utility. In contrast, salience theory (Bordalo et al., 2013; henceforth BGS)
predicts context-dependent choices. A consumer’s attention is drawn either to a
good’s price or to a good’s quality, depending on which attribute is more salient, i.e.
differs most from the average level among all options which come to the consumer’s
mind. In this paper we study choices between vertically differentiated products in
a laboratory experiment, thereby providing a first test of salience theory.

In general, salience theory (Bordalo et al., 2012a,b, 2013) states that agents
overemphasize especially salient features of choices and underrate less prominent,
but possibly important aspects. This assumption is supported by psychological ev-
idence suggesting that an agent’s attention is limited and therefore allocated to
outstanding features (Taylor and Thompson, 1982; Kahneman, 2011). Regarding
decision making under risk, salience theory provides an alternative rationale for vio-
lations of expected utility theory which have previously been explained by prospect
theory (Bordalo et al., 2012b). With respect to riskless decision making, it can
explain many violations of rational choice in the domain of consumer choice, such
as endowment (Bordalo et al., 2012a) or decoy effects (Bordalo et al., 2013). Thus,

salience theory provides a better understanding for a broad variety of cognitive bi-
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ases and puzzles via the assumption that agents’ attention is focused on outstanding
features.

Formally, salience theory is built on two main assumptions: ordering and dimin-
ishing sensitivity. Ordering states that an attribute is the more salient the more it
differs from the attribute’s average level among all options in a given choice con-
text. For instance, a good’s price becomes more salient the further it is away from
the average price. Diminishing sensitivity, as a core feature of human perception in
general (Weber’s law) and of prospect theory in particular (Kahneman and Tversky,
1979), states that by uniformly increasing the value of an attribute for all goods,
the salience of this attribute is reduced. Thus, for example, a generally higher price
level makes prices less salient.

The following example by BGS illustrates how purchase decisions between two
vertically differentiated products may reverse if the general price level increases.
Suppose a consumer intends to buy a red wine at a wine store. She has the choice
between an Australian shiraz for $10 and a French syrah for $20, knowing that she
likes the French wine better. As prices in the wine store are modest, the $10 price
difference is noticeable. In this context prices are salient, and the consumer opts for
the cheaper Australian wine. A few weeks later she visits a restaurant where again
both wines are on display. As expected, both wines are marked up by an additional
amount of $40, making the price difference of $10 less prominent (due to diminishing
sensitivity). Thus, in the restaurant the French syrah seems to be a better deal and
the consumer decides to buy a bottle of this wine.

In the preceding example, the consumer’s price expectations coincided with the
actual prices. As expected, the price level was low in the store and high in the
restaurant. Imagine that, in contrast, the consumer expected low prices or was at
least unsure whether the price level would be low or high, but then faced high prices
(we say that prices are unezpectedly high). In such non-deterministic settings, not
just the differences between the available options attract the consumer’s attention,
but also the surprising features of the choice context. Thus, an attribute’s salience
also depends on how much its actual realization differs from prior expectations,

that is, the reference price is not just the average price of all available options, but



5.1. INTRODUCTION 106

it is also affected by the consumer’s expectation of the price level. If prices are
unexpectedly high, the consumer finds prices to be salient. Therefore, she is less
likely to choose a high-quality product than if prices where expectedly high. This
effect is driven by ordering: if a consumer takes not only high, but also low price
levels into consideration, the reference price is reduced, thereby rendering high prices
more salient. Concerning the example above, a consumer going to a store and being
surprised by restaurant prices is hypothesized not to go for the high-class wine, but
for the budget option. As a consequence, at expectedly high prices Bordalo et al.
(2013) predict that sensitivity to prices is low, while it is higher after unexpected
price hikes.

In a laboratory experiment with real consumption decisions, this paper tests two
central and distinctive predictions of salience theory with respect to decision making
between vertically differentiated products: (1) a higher expected price level for both
products shifts demand toward the more expensive, high-quality product and (2)
demand for the high-quality product is larger if the price level is expectedly high
than if it is unexpectedly high.

In our experiment, participants had to choose between a more expensive, fast
internet connection (the high-quality product) and a cheaper, slow internet connec-
tion (the low-quality product). They were endowed with a lump sum from which
the costs for their purchase were deducted.! We controlled for participants’ expecta-
tions by sending out an information email a couple of days prior to the experiment.
In this email the experiment was described and the prices of the two options were
announced.

We compare choices in a situation where the actual price level is low (LP-
treatment) with a situation where all prices are marked up by the same amount
(HP-treatment). In both treatments, the announced prices in the information email
were identical to the actual prices faced in the experiment. In order to test for the

role of expectations, we ran an additional treatment in which subjects were unsure

I There are further studies which implemented real consumption in the laboratory. For instance,
internet access has also been used by Pagel and Zeppenfeld (2013) and Houser et al. (2010), whereas
Brown et al. (2009) and Jimura et al. (2009) have incorporated beverage rewards. Sippel (1997)
offered a variety of goods which could be consumed (snacks, juices, different media).
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about the price level (UHP-treatment). In this treatment participants received an
information email listing both the prices from the LP- and the HP-treatment, while
they faced the high price level from the HP-treatment in the experiment.?

We find strong support for the predictions of salience theory. First, we detect
that in the HP-treatment the share of subjects opting for the premium product is
significantly larger than in the LP-treatment. Second, there is a significant difference
between choices in an environment with an expectedly and an unexpectedly high
price level, pointing to the importance of controlling for expectations. In particu-
lar, we find that when faced with unexpectedly high prices in the UHP-treatment,
subjects are less likely to choose the high-quality product than in the HP-treatment.

Our study contributes to the literature in several ways. We test for the funda-
mentals of salience theory in a controlled and incentivized laboratory experiment
with real consumption decisions. We focus on two aspects: the effect of increasing
the price level and the effect of price surprises on choices. This has two appeals.
First, the predictions regarding our treatments differ widely across recent behav-
ioral papers and thus allow us to assess the validity of various approaches. While
several theories can explain at most one finding, salience theory as outlined in BGS
is, at least to our knowledge, the only theory that is in accordance with our two
main findings in one coherent framework. We elaborate this further in Section 5.5.
Second, those treatments are novel additions to the literature. As far as we know
there has been no experiment that studies the effects of price surprises on choices.
Other predictions by salience theory (such as decoy and compromise effects), on the
contrary, have been studied and supported extensively in the literature (Highhouse,
1996; Herne, 1999).

Up to now, there are only a few studies which have empirically tested novel
predictions by salience theory. In a laboratory experiment, Dertwinkel-Kalt and

Kohler (2016) test for the reverse endowment effect for bads as predicted in Bordalo

2Ideally, a test for the role of expectations would include a treatment in which subjects hold
wrong expectations such that they do not expect to find the factual prices with any positive
probability. We abstain from such a treatment in order to avoid deceiving subjects. Instead of
providing erroneous information ex ante, we provided a list of feasible prices, thereby expanding
the set of prices the subjects consider to be possible.
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et al. (2012a). More directly related to our setup, Azar (2010) conducts a field
experiment where differentiated versions of bagels (with and without cream cheese)
are sold to students. Testing a model of relative thinking (Azar, 2007), the author
implements two treatments with different price levels, but does not find a significant
shift in demand. While Azar (2010) does not control for price expectations, we show
that demand shifts from low- to high-quality goods occur only if consumers are not
surprised by unexpectedly high prices. Hastings and Shapiro (2013) investigate the
effect of unexpected price shifts on consumer choices in the market for gasoline.
In line with salience theory, they find that an unexpected uniform price increase
induces agents to shift toward cheaper, lower octane gasoline. Unlike our study,
however, Hastings and Shapiro (2013) need to impose strong assumptions on the
prices agents have on their mind when making a purchase decision.

The remainder of the paper is organized as follows. Section 5.2 introduces
salience theory and its main predictions regarding our setup. Section 5.3 describes
the experimental design and derives the hypotheses before we present our results in
Section 5.4. In Section 5.5 we review alternative theories and relate them to our
experimental findings. We explain how our study contributes to the literature in

Section 5.6 and, finally, Section 5.7 concludes.

5.2 The model

We outline salience theory as presented in BGS. Carefully delineating the role of
expectations for the predictions made by salience theory, we illustrate that salience
effects can induce different choices in a high-price compared to a low-price setting.
The main ingredient of the model is that decision makers do not evaluate options
according to true consumption utilities, but overweight the salient attribute of an
option.

A decision maker chooses from a finite choice set € = {(qy,pr) € R2|1 <k < N}
of N > 1 vertically differentiated products, where each good k := (g, px) is described
by its quality level ¢, and its price p,. In the absence of salience effects, a consumer

values good k with a linear utility function which assigns equal weights to its two
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attributes,
u(k) = g — pr (5.1)

If an agent’s decision making is affected by salience, she does not maximize
Equation (5.1) but overweights the attribute which is more salient. Salience is
assessed via a salience function o : R? — R, which is symmetric and continuous and
has the following two key properties: It obeys ordering, that is, o(x + pe, y — ue') >
o(x,y) for p = sgn(x —y) and €, > 0 with € + ¢’ > 0, and it exhibits diminishing
sensitivity, that is, o(x 4+ €,y + €) < o(x,y) for all ¢ > 0. For a salience function o
and a choice set €, a product k’s price is more salient the larger the value o(py, D) is,
with p := >, pr/N. Analogously, k’s quality is the more salient the larger o(gx,q)
is, with g := ), qx/N. We say that product k’s price is salient if o(pi, D) > o(qx, Q)
holds, its quality is salient if o(pr,p) < o(qr,q) and both are equally salient if
o(px, D) = 0(qk, Q)

The outlined properties of the salience function capture two essential features of
sensory perception (Bordalo et al., 2012b). First, according to ordering, a product’s
price (quality) is the more salient the more it stands out, put differently, the more
it differs from the average price p (the average quality §) in €. Second, diminishing
sensitivity implies that the saliency of a good’s attribute decreases if the value of that
attribute uniformly increases for all items in € (Weber’s law of sensory perception).
For instance, a good’s price becomes less salient if all prices are increased by a
uniform amount.

An agent’s susceptibility to salience is captured by the parameter 6 € [0,1]
that denotes to which extent the relative weights on the attributes are distorted.
Formally, when making her decision, the agent places the multiplicative weight
2/(146) > 1 on the more salient and 25/(1 + ¢) < 1 on the less salient attribute.
The smaller § is the more the decision weights are distorted in favor of a product’s
salient attribute. The limit case of a rational consumer who maximizes (5.1) is char-
acterized by 0 = 1. In the following we assume that the agent is susceptible to the
salience bias, thus 0 < 1. We denote her corresponding distorted utility function
with u®(-).
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To investigate how changes in the price level can induce choice reversals, we show
that a higher price levels affect the way a consumer values a product. Suppose that
for product k the price is salient, that is, o(qx,q) < o(pk,P), such that

20 2

(k) = 1+o ™ = 755 Pm

(5.2)

Now assume that all prices are uniformly shifted upward by an amount A > 0,
such that the average price equals p+ A. Due to diminishing sensitivity, product £’s
price becomes less salient the larger the price shift A is. For a sufficiently large A, the
product’s quality may eventually become salient such that o(qx,q) > o(pr+A,p+A)
holds. In this case, the uniform price shift A makes k’s quality salient and the

decision maker evaluates the product as

2
W) = e -

20
T35 (p + A), (5.3)

where k2 := (g, pr + A) denotes good k at the increased price level.

Expected price shifts. Suppose there are two vertically differentiated products
k € {1,2} with ¢; < g2 and p; < py. Presuming that these two products lie on a
rational indifference curve with q, — pp = ¢ > 0 for k € {1,2},® the price is salient

for both goods as
U(Qk;@) = U(pk + C;]_?+ C) < O-(pkaz_?)

holds, such that the low-quality good is chosen.* There exists a threshold markup
A* > 0 at which prices and quality are equally salient. For any A < A*, the
price remains salient for both products such that the low-quality product is chosen,
while for any A > A* quality is overweighted and the consumer chooses the high-

quality product. In particular, we have A* = ¢. Provided that o(py,p) > o(qk,q)

3We adopt the assumption by BGS that the goods lie on a rational indifference curve merely for
illustrative purposes. Whenever the salience distortion outweighs the objective gap between the
products, a price shift can reverse choices. Thus, the following predictions still hold if the agent
strictly prefers one of the products.

4We ensure that the decision maker chooses one alternative by assuming that she receives a
utility of —oo if she does not consume.
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and o(pr + A, p+ A) < 0(qx, q), salience theory hypothesizes that a uniform price
increase A shifts demand toward the high-quality good. Thus, an agent’s price

sensitivity crucially depends on the price level.

Prediction 1 Suppose there are two vertically differentiated products and the low-
quality product is sold at a lower price. If the general price level is sufficiently low,
the agent chooses the low-quality product. If the general price level is sufficiently
high, the agent chooses the high-quality product.

Due to diminishing sensitivity fixed price differences loom the smaller the larger
the general price level is. Therefore, subjects are more willing to pay a fixed price

difference in order to obtain the better quality at a high than at a low price level.

Unexpected price shifts. In the previous analysis, the agent compares a product
against those alternatives which are indeed available. If, however, she expects to
find alternatives which are not available when she makes her consumption decision,
she may evaluate each option not only within her actual choice set, &€, but within
the set comprising the actual and expected offers. We call this comprehensive set
the agent’s consideration set C. For instance, if she expects several price levels to
be feasible, then her consideration set consists of the products at their actual and
at their expected price level.

Consider again the two vertically differentiated products (¢1,p1) and (go, p2) with
q1 < q2 and p; < py and scrutinize the following three scenarios. First, the general
price level is low and consumers expected it to be low, that is, for each consumer
the consideration set equals the choice set (scenario LP). We denote this as CL¥ :=
¢LP = L(q1,p1), (g2, p2)}. Second, the general price level is high and consumers
expected it to be high (scenario HP) such that C* := €HP = {(q;,p1 +A), (¢2, p2 +
A)} holds for some A > 0. Third, suppose that consumers expected both price
levels to be feasible (scenario UHP). Denote the (exogenous) probability with which
the agent expects the low price level p;, € [0,1]. Then, the low-quality product’s

expected price equals
pii=prpr+ (1 —pr)(p1+A4)
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and the high-quality product’s expected price is given by
P :=pr p2+ (1 —pr)(p2 + A).
Denote € := {(q1,p9), (¢2,p5)}. Thus, an agent’s consideration set is given by

CUHP = Q:HP U Q:e = {(Q17p1 + A)a <QQ7p2 + A)? (thi)’ (q27p§)}

Within CUVHP | the average price is (weakly) lower than within C#?, causing the
high-quality product’s price to be more salient within CU#F than within C*F. In
particular, if the price of the high-quality product is salient in UHP while its quality
is salient in HP, then the agent’s valuation of this product is lower in UHP than
in HP. This yields the prediction that consumers are less inclined to choose the
high-quality product if the price level is unexpectedly high than if it is expectedly
high.

Formally, the average price within CV7* equals p+ (1 — pr/2)A with p= (p; +
p2)/2. Therefore, salience of the high-quality product’s price in UHP is given by
o(pa+ AP+ (1 —pr/2)A) while in HP it is given by o(ps + A, p+ A). According
to the ordering property, the high price is more salient in UHP than in HP for all
A > 0 as long as p;, > 0. Thus, suppose that in HP the high-quality product’s
quality is salient while in UHP its price is salient. Then the high-quality product is

valued as

20 2

s(1.A AUHPY __ B

u(k®, C )_1+5qk 115 Pt D)
2 20

s(L.A ~HPY _ . A).

<w(kCM) = e = 75 et A)

Prediction 2 Suppose agents have to choose between two vertically differentiated
products (where the low-quality product has a lower price). Consider two scenarios.
First, subjects expect high prices and are faced with coinciding high prices. Second,

subjects are unsure whether the price level is high or low, but finally face high prices.
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In the second scenario, fewer subjects choose the high-quality product than in the

first scenario.

High prices attract more attention if they are partly surprising than if they were
entirely expected. That is, having low prices on one’s mind renders high prices more
salient. As a result, people are less willing to pay a fixed price difference for the
better quality if prices are surprisingly high than if they are not.

Note that these two predictions precisely allow to test the key assumptions of
salience theory. The first prediction represents a test of diminishing sensitivity. The
second tests jointly (a) the assumption that the consideration set (instead of the

actual choice set) affects decision making and (b) the ordering property.

5.3 Experimental setup

5.3.1 Experimental design

We invited students to a laboratory experiment where they had to purchase either
a fast or a slow internet connection; an outside option was not available (that is,
participants could not opt for not using the internet at all). Internet connections
were differentiated with respect to quality, given by potential download speeds:
While it took around 30 seconds to fully load frequently used websites, such as
Facebook or a newspaper site when using the slow internet connection, it only took
around five seconds with the fast connection. Participants did not have to complete
any tasks but could use the internet at their convenience for the duration of the
experiment. Students received a lump sum payment for participating, however,

they had to incur a cost for using the internet.

Procedures

First, students received a standard invitation email to our experiment via ORSEE
(Greiner, 2004) and registered online. Deviating from the standard procedure, par-

ticipants received an additional information email a few days prior to the experiment.
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This email corresponded largely to the instructions, which were later distributed
during the experiment. In particular, the available speeds, the corresponding prices
of the two internet connections and the lump sum payment for participation were
announced. This information email was used to influence the participants’ expec-
tations of the price level for internet access. We outline below how the information
email and the instructions differed between the treatments and discuss how it might
affect attrition in Section 4.3.°

After arriving at the laboratory, participants were randomly assigned to a sep-
arated working station equipped with a computer. All screens were switched off
at this point. Subjects received the instructions which the experimenter then read
aloud. Participants were informed that they had to purchase internet access which
they could use at their convenience for 45 minutes. It was not allowed to use any
brought items, e.g., smartphones, books or papers. Speakers were not in place
and illegal downloads were prohibited during the experiment. The instructions em-
phasized that the experimenters could not track which pages the subjects browsed
during the experiment.

After reading the instructions aloud and answering potential questions in private,
subjects received a decision sheet and indicated their choice of either slow or fast in-
ternet. Thereafter, computers were set up according to subjects’ purchase decisions.
After 45 minutes the screens shut down automatically and a final questionnaire was

issued to all participants. Finally, subjects received their payment privately.

Treatments and hypotheses

Within this setting we ran three different treatments and used a between-subjects
approach to test the hypotheses proposed by salience theory. Table 5.1 gives an
overview of the treatments which we explain below.

The first goal of the experiment was to study the effect of an expectedly higher
price level on the consumption choices by implementing a low-price (LP) and a
high-price (HP) treatment. In the low-price treatment subjects received a fixed
endowment of €12, with prices equal to €0.50 for the slow internet and €1.50 for

5Appendix A contains an English translation of the information emails and the instructions.
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Table 5.1: Overview of the different treatments.

Treatment Description Endowment Prices Expected Consideration
Fast Slow prices set

LP low prices 12 1.50 0.50 Yes ¢Lr

Hp high prices 15 450  3.50 Yes ¢HP

UHP unexpected prices 15 450  3.50 No cHP yge

All prices in Furos.

the fast internet connection. In the high-price treatment, we increased the general
price level by €3, the prices for slow and fast internet access corresponded to €3.50
and €4.50, respectively. To rule out any income effects the endowment was adjusted
likewise and amounted to €15.

In both treatments, LP and HP, all information contained in the preceding email
(in particular, the listed prices) corresponded to those from the instructions dis-
tributed during the experiment. Thus, a subject in treatment LP (HP) considers
only the two options at their actual prices, such that her consideration set equals
¢LP (¢HP) This allows us to test for quality choices when low and high price levels

are expected. From Prediction 1 we derive the following hypothesis:

Hypothesis 1 In treatment HP a larger share of subjects opt for the fast internet

connection than in treatment LP.

The study’s second objective was to analyze how choices are affected if partici-
pants’ price expectations are not fully met. We therefore ran a third treatment in
which participants were unsure whether the price level would be high or low (UHP).
In the UHP-treatment, subjects received an information email prior to the experi-
ment, stating that the prices for both internet connections will be either €0.50 for
slow and €1.50 for fast internet (corresponding to prices in the LP-treatment) or
€3.50 for slow and €4.50 for fast internet access (corresponding to the prices from
the HP-treatment) while the lump sum payment corresponded to that of treatment
HP (€15). The actual prices in the experiment were equal to those in the HP-

treatment.
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With this procedure participants were unsure about the prices they would face
in the experiment. The idea is that, when making the purchase decision, the sub-
jects have actual and expected prices on their mind. We interpret this treatment as
capturing the effects of unexpectedly high price levels. Thus, a subject’s considera-
tion set in treatment UHP is given by ¢#¥ U ¢°.% From Prediction 2 the following
hypothesis follows:

Hypothesis 2 In treatment UHP a smaller share of subjects opt for the fast internet

connection than in treatment HP.”

Participants

Sessions were conducted between January and June 2015 at the DICE experimental
laboratory at the Heinrich Heine University Diisseldorf. In total, 169 subjects par-
ticipated, 59 in the HP, 57 in the LP, and 53 in the UHP treatment. Each treatment
comprised five sessions, thus adding up to 15 sessions for the three treatments. A

session lasted around 60 minutes and subjects earned either €10.50 or €11.50.

5.3.2 Discussion of the experimental design

We now discuss the main features of the design and how they match the assumptions
made by salience theory. Furthermore, we outline the advantages of a laboratory
experiment compared to a field study.

First, the consumption alternatives in our experiment are clearly vertically dif-
ferentiated. A fast internet connection is doubtlessly superior to a slow one and, at

equal prices, one would expect all subjects to opt for the fast connection. Therefore,

6We stay agnostic about the exact probability with which the low price level is expected. As
we mention the low price level in the information email, however, we assume that most subjects
expect, the low price level to occur with some probability.

" In this stylized rank-based salience model according to which an attribute is either salient or
not, choices in UHP and LP should be identical if the price is salient in both treatments. This,
however, is an artefact of the rank-based model. Choices in LP and UHP are not predicted to be
identical in a richer model with a smooth salience specification according to which weights do not
just reflect which attribute is more salient, but also how salient an attribute in fact is. A smooth
specification is, for instance, proposed in footnote 9 of Bordalo et al. (2012b).



5.3. EXPERIMENTAL SETUP 117

we can exactly mirror the assumption made in BGS according to which goods are
two-dimensional and uniquely defined by their quality- and price-parameters. An-
other advantage of our implementation is that subjects in our experiment have a
clear demand for the products as they are not allowed to use any devices or items
during the 45-minute duration of the experiment.

Second, high-price and low-price environments typically attract different
classes of consumers. For instance, consumers who buy wines at high-class restau-
rants and those who buy wines at cheap stores can be expected to be heterogeneous
with respect to income and the appreciation of quality. We can exclude such sample
biases by randomly assigning subjects to treatments.

Third and most importantly, the design of our experiment allows us to analyze
the role of consideration sets and expectations. To the best of our knowledge, we are
the first to investigate the subtle difference between expected and unexpected price
shifts which plays an important role for consumer choice in salience theory. In the
study by Hastings and Shapiro (2013), for example, the empirical results crucially
depend on the definition of the consideration sets. In their two specifications, the
consideration sets consisted of all price-quality-combinations which were available
either during the last week or during the last four weeks. Their results are sensitive to
this specification. In our LP- and HP-treatments the consideration sets are explicitly
given by the choice sets while in treatment UHP the consideration set is larger as
it comprises also the options at their expected prices. Thereby, we can properly
control for the consideration set which is a novelty in the empirical literature.

Fourth, by adjusting the endowments between treatments LP and HP, we keep
the subjects’ income level constant in real terms such that the choices in terms
of real payoffs are identical in all three treatments: subjects could either get the
high-speed internet and €10.50 or the low-speed internet and €11.50. That is, the
differences between the choices that we observe can be attributed to the different
frames used in the treatments. Here we have standard economic theory as the clear
benchmark, which we could test against, as it cannot explain any shift of demand
between the treatments. If endowments stay the same (such that income differs in

real terms between the treatments), we would not expect the same choice patterns.
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Due to income effects, we would expect fewer choices for the fast internet with a low
price level and an endowment of 12 Euro than with a low price level and endowment
15. As a consequence, when comparing HP and LP with identical endowments (say
15) this would contain both salience effects and income effects. We therefore view
the adjustment of endowments as the appropriate approach to detect salience effects
when comparing HP and LP.

Fifth and finally, we are able to fix the consumption location in our study. Both
the high- and the low-quality product yield the same utility in all treatments, while
in general high-quality products may provide a higher utility at high-class, pricy

locations. Our study eliminates this as an explanation for demand shifts.

5.4 Results

This section presents the experimental results which are summarized in Table 5.2.
We start by investigating the effects of an expectedly high price level and compare
the treatments LP and HP (Hypothesis 1). Subsequently, we examine the impact
of an unexpectedly high price level (or, more precisely, of a high price level when
low prices are considered) by comparing HP and UHP (Hypothesis 2). Robustness

checks are provided at the end of this section.

Table 5.2: Experimental results

LP treatment HP treatment UHP treatment

Choice Choice Choice
Fast, 16 28.1% 27 45.8% 14 26.4%
Slow 41 71.9% 32 54.2% 39 73.6%
# of participants 57 59 53

5.4.1 Results for an expectedly high price level

We find that in treatment HP the share of subjects opting for the more expensive

internet connection is significantly higher than in treatment LP. As can be seen in
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Table 5.2, in treatment LP 28.1% (16 out of 57 subjects) choose the fast internet
connection while in treatment HP this share increases to 45.8% (27 out of 59 sub-
jects). This effect is quite sizeable: In our setting, a €3 markup on both prices
significantly raises the share of the high-quality product by roughly 20 percentage
points. With a p-value of 0.025 (one-sided y*-test), we can reject the null hypoth-
esis that an expectedly higher price level (weakly) decreases the share of subjects

choosing the high-quality product. This is in line with Hypothesis 1:

Result 1 With an expectedly higher price level, a larger share of subjects opt for

the high-quality, more expensive internet connection.

5.4.2 Results for an unexpectedly high price level

We now contrast the effects of an expectedly and an unexpectedly high price level
by comparing the outcomes in the treatments HP and UHP. In compliance with
Hypothesis 2, a smaller share of subjects should opt for the fast internet in treatment
UHP than in treatment HP. Indeed, our results suggest that subjects’ choices depend
on their initial expectations of the price level. In treatment HP 45.8% of the subjects
(27 out of 59) opt for the fast internet connection, while in treatment UHP only
26.4% of the subjects (14 out of 53) choose the fast internet connection. In treatment
UHP a significantly lower share of subjects favors the fast internet connection than
in treatment HP (p = 0.017, one-sided y*-test). Hence, the null hypothesis that,
compared to an expectedly high price level, an unexpectedly high price level (weakly)
increases the share of subjects opting for the high-quality product can be rejected.

Thus, our result accords with Hypothesis 2:

Result 2 Compared to an expectedly high price level, a lower share of subjects opt

for the fast internet connection when facing an unexpectedly high price level.

Our results suggest that expectedly and unexpectedly high price levels affect
choices differently. An expectedly higher price level tends to increase the share of
subjects choosing the high-quality, high-price product, while an unexpectedly higher
price level does not. Both findings are in line with the predictions made by BGS.
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5.4.3 Robustness

In this subsection we assess the robustness of our results. First, we apply a mul-
tivariate logit regression model to control for subject characteristics. Second, we
analyze whether attrition might impact our results.

Logit estimation is conducted given the binary dependent variable, which equals
one if a subject chose the fast internet connection and zero otherwise.® The re-
gression analysis allows to control for personal characteristics that might influence
subjects’ decisions. The included controls are gender and field of study.® Table B5.1
(Appendix B) provides summary statistics of all variables. Estimation results for

an expectedly and an unexpectedly high price level are presented in Table 5.3.

Table 5.3: Logit regression of opting for the fast internet connection.

Parameter (1) (2) (3) (4)
High Price 0.771%%* 0.730%* 0.771%** 0.728**
(0.326) (0.401) (0.320) (0.358)
Unexpected - - -0.855%** -(0.782%**
(0.260) (0.279)
Controls no yes no yes
Observations 116 111 169 163

All specifications include a constant.
Robust standard errors at the session level in parenthesis.
One-sided significance level: *: 10%, **: 5%, ***: 1%.

Specifications (1) and (2) use the choice data from the treatments LP and HP
to estimate the effect of an expected uniformly higher price level. Specification (1)
solely includes the dummy variable High Price, which is equal to one if a subject
is part of the treatment group with an increased price level (HP treatment). High
Price is positive and highly significant. Switching from LP to HP results in a 0.77
unit change in the log of the odds for choosing the fast internet. Put differently,

the odds of choosing the fast internet connection are 2.2 times (120%) larger in the

8 Applying OLS yields similar results. However, due to the discrete dependent variable logit is
preferred to OLS.

9 Although we have further information on age and the degree pursued (bachelor vs. master), we
abstained from including them as the qualitative results do not change, but sample size is reduced
due to missing observations.



5.4. RESULTS 121

HP than in the LP treatment. When controlling for personal characteristics, as in
specification (2), the effect is marginally reduced. Being part of the HP treatment
increases the log of the odds of choosing the fast internet connection by 0.73 or
rather the odds are 108% higher in the HP than in LP treatment. Both results are
in line with Result 1.

To determine the difference between an expectedly and an unexpectedly high
price level, we include the variable Unezpected. Unezrpected indicates whether the
information email announced both price levels ( Unexpected=1) or the factual prices
only (Unexpected—0). Columns (3) and (4) report the estimation results, using data
from all three treatments. Again, we estimate a model with and without additional
controls.'® In both specifications the coefficients of Unezpected are negative at a
high significance level. Taking part in UHP instead of HP, leads to a -0.86 (-0.78)
unit change in the log of the odds of choosing fast internet. Alternatively, the odds
in UHP are 58% (54%) lower than the odds in HP.'' These findings are consistent
with Result 2.

Induced by the non-standard invitation procedure with the upfront information
email, attrition might be an issue, i.e., the non-random dropout of invited subjects
across treatments. Indeed, show-up rates slightly vary: 84% in LP, 88% in HP and
77% in UHP. However, several pieces of evidence suggest that there is no selection
bias. First, the documented show-up rates are comparable to those of other exper-
iments conducted in the same lab (roughly 85%). Second, there is no selection on
observables as subject characteristics are balanced across treatments (see Table B1).
Third, and in contrast to the recent literature which deals with attrition and selec-
tion on unobservables (Behaghel et al., 2009; Jones and Mahajan, 2015), potential
explanations why attrition might not be orthogonal to our treatment assignment
oppose the effect we observe, that is, higher attrition in UHP. In particular, the
earnings in UHP weakly dominate those in LP and HP, suggesting a lower dropout

rate in UHP. Expected earnings are even strictly higher for any choice if the subject

ONote that none of the included controls is significant in both regressions (2) and (4) and
the effect of the main treatment variables (High Price and Unezpected) does not depend on the
selection of controls.

'When estimating the model only with data on HP and UHP, results are confirmed.
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assigns a positive probability to the low-price scenario. Thus, besides a random
effect there seems to be no plausible explanation (e.g., risk aversion) for the slightly
lower show-up rate in UHP.

Nevertheless, selection on unobservables cannot be ruled out entirely. Following
Behaghel et al. (2009) and Jones and Mahajan (2015), we impose the monotonic-
ity assumption to derive a lower bound on the magnitude of the demand shift.
Monotonicity assumes that all subjects showing up in the treatment with the higher
attrition rate (UHP) would have also shown up in the treatment with the lower
attrition rate (HP). We are interested in the counterfactual decision of the 59 HP-
subjects if they had participated in UHP. Denote C, an indicator variable which
is one if and only if a subject showed up in treatment z € {HP, UHP}. In-
corporating the method by Jones and Mahajan (2015, Appendix C.2), we obtain
E(Yup — Yuup|Cup = 1) = 0.128 > 0, where Y, = 1 if the subject chooses fast
internet in treatment z and zero otherwise. Thus, the demand shift persists even
if we consider this lower bound. Alternatively, we could investigate a worst-case
scenario in the spirit of Lee (2009) by aligning the sample sizes. According to the
monotonicity assumption, it suffices to enlarge the UHP-sample by six observations
working against our effect. Even in this worst-case scenario, the difference between
HP and UHP is significant at the 10% level (p=0.094, one-sided y*-test). Thus,

Result 2 still holds under very conservative assumptions.

5.5 Discussion of alternative theories

Standard economic theory cannot account for the different choice patterns that we
observe. As the feasible outcomes are identical in all three treatments, i.e., receiving
€10.50 and the high-quality internet or €11.50 and the low-quality internet, stan-
dard economic theory does not predict a demand shift. Hence, neither Result 1 nor
Result 2 can be explained.

Other behavioral models, such as Kahneman and Tversky (1979), K&szegi and

Rabin (2006), Kdszegi and Szeidl (2013), Bushong et al. (2015), Azar (2007) and

Cunningham (2013), can explain parts of our findings, but no model is consistent
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with both results. Thus, no other model (apart from BGS) can account for Result

1 and Result 2 in one coherent framework.

Prospect theory (Kahneman and Tversky, 1979). Prospect theory hypoth-
esizes that subjects evaluate outcomes with respect to a deterministic, exogenous
reference point which typically indicates an agent’s status quo. With respect to
this reference point, an agent’s value function satisfies the properties of diminishing
sensitivity and loss aversion, that is, losses are weighted disproportionally compared
to gains. In our experiment, the reference point is represented by a two-dimensional
vector (11,72), where 1 gives the reference earning and 7, gives the reference qual-
ity of the internet connection. As university students typically have access to high
speed internet for free (in particular, those living on campus), a sensible reference
point is where r; equals the announced endowment (€12 in LP and €15 in HP) and
ro equals the high quality qp.

Given this reference point, prospect theory can explain Result 1 via diminishing
sensitivity: the price difference in LP (1.50 vs. 0.50) feels larger than the same
price difference in HP (4.50 vs. 3.50). Hence, choosing the high-quality product is
more attractive in HP than in LP. In particular, a decision maker opting for the
high-quality product in LP will also opt for it in HP, therefore the share of subjects
opting for the high-quality product is larger in HP than in LP.

Prospect theory, however, does not predict different decisions for treatments HP
and UHP as the subject’s status quo and therefore the reference point is not affected
by the information email. In a nutshell, prospect theory can explain Result 1, but
not Result 2.

Personal equilibrium (Ké&szegi and Rabin, 2006). Kdszegi and Rabin (hence-
forth: KR) propose a reference-dependent model where an agent is loss averse with
respect to an endogenous reference point which is shaped by rational expectations.
According to their equilibrium concept of a personal equilibrium (PE) expectations
are consistent with actual behavior. A preferred personal equilibrium selects a PE

with the highest expected utility. In deterministic environments, KR prescribe
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choices which maximize consumption utility (see their Section III). As both op-
tions yield exactly the same outcomes in the treatments HP and LP (quality gg
and an income of €10.50 or quality ¢, and an income of €11.50), the demand shift
between LP and HP cannot be explained by KR.'?

In order to apply the concept of a personal equilibrium to treatment UHP, each
subject has to assign well-defined probabilities to the different price levels. Given
that the probability with which the low price level is expected is sufficiently high,
KR can explain why few people choose the high-quality option in UHP. The reason
is that a subject will rationally expect to go for the low-quality in order to minimize
her loss in the price-dimension. Hence, KR can be consistent with Result 2. In
Appendix C, we provide a formal analysis for this prediction. If, however, subjects
in UHP have no well-defined expectations, but are ambiguous about the occurring
price level, KR cannot be applied to treatment UHP as KR require subjects to
have clear price expectations. In addition, if the high price level is expected to be
distinctly more likely than the low price level, there exist further (preferred) personal
equilibria (i.e., one in which subjects choose the high-quality option with probability
one, and one in which subjects strictly mix) such that any choice pattern is in line
with KR.

Focusing theory (K&szegi and Szeidl, 2013) and relative thinking (Bushong
et al., 2015).

Készegi and Szeidl (henceforth: KS) and Bushong et al. (henceforth: BRS) offer two
closely related approaches. KS assume that a decision maker overemphasizes those
attributes for which the range of choice in choice set € is broad, that is, for which
her options differ a lot, while she tends to neglect attributes for which the available
options are rather similar. In contrast, BRS assume the opposite: a decision maker

puts more weight on dimensions where the range of choice is small. More precisely,

12For illustration, assume that hoth goods lie on a rational indifference curve. In a preferred
personal equilibrium the agent will expect to choose one of the options with certainty and behave
consistently at the second stage. Therefore, in LP and HP two preferred personal equilibria exist
and Result 1 remains unexplained.
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according to both approaches, an agent values an option k = (g, px) as

u(k) = wq uglar) — wp up(pr), (5.4)

where for x € {p, ¢} function wu,(-) gives a subject’s consumption utility in dimen-
sion x while weight w, is a function of the available range in dimension x, that
is, w, = w(A,) with A, := maxgee uy(qr) — mingee uy(qr) and w, = w(A,) with
A, = maxyee Up(pr) — mingee uy(pr). Crucially, KS assume that w!, > 0, while BRS
propose that w!, < 0 for x € {p, q}.

With utilities linear in price and quality, the price ranges are identical in treat-
ments LP and HP, A, = A, = 4.50 — 3.50 = 1.50 — 0.50, such that both models
cannot account for Result 1.

Regarding the predictions of treatment UHP it is essential to consider how an-
nounced, but not available options affect an individual’s consideration set and there-
fore the weights w,. KS mention such effects, but do not offer a systematic approach
how to incorporate them into their setup. BRS, in contrast, consider several ap-
proaches. In the following we discuss their preferred one (see Section 4 of their
paper), according to which a subject chooses an option before she is certain about
its price (that is, for instance, after she has read the information email, but before
the actual experiment).'® Formally, she chooses between lotteries on R¥ | that is,
her choice set is some § C A(RX). Following BRS the range along dimension p can
be defined by

Ay(F) = max(Beluy (pe)] + 5 Sreluy(p1)) — min ()] — 5S¢l (00)]), (5.5)

where Eplu,(pr)] = [ u,(pp)dF (p) denotes the decision maker’s expectation of
uy(pe) under F, and Spluy(pe)] = [ [ lup(ph) — up(po)ldF(p)dF(p) the average
distance between two independent draws from the distribution. Let 0 < py <1 be
the probability with which the low price level is expected and (1 —py) the probabil-
ity of expecting the high price level. Straightforward computations show that the

13In our experiment, around 80% of the subjects indicated that they have indeed made their
decision immediately after reading the information email.
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range of the price dimension in UHP equals AgHP =14 6pr(1 — pr), which always
exceeds the range in HP, that is, A" = 1. Thus, BRS predict that prices attract
more attention in HP than in UHP such that subjects should be more likely to opt
for the high quality in UHP. This contradicts our findings.

To sum up, both KS and BRS cannot account for our results in their original
setups.!* In particular, we can rule out that our findings are driven by relative

thinking as proposed in BRS.

Relative thinking (Azar, 2007). Azar’s model of relative thinking hypothe-
sizes that both the absolute and the relative price differences matter for product
choices. Given vertically differentiated products, consumers are predicted to choose
the higher quality product with uniformly higher prices as the relative price increase
is lower for the high-quality product. Therefore, relative thinking explains Result
1.1 As the predictions are independent of the decision maker’s expectations, Azar
cannot account for the difference between expected and unexpected price increases
(Result 2).

Models closely related to Azar (2007), such as Alchian and Allen (1964) and
Barzel (1976), predict a higher relative demand for high-quality products in high-
price than in low-price environments. This prediction stems from the fact that the
price of the premium product relative to the low-quality product is reduced by the
existence of fixed costs, such as transportation costs (Alchian and Allen) or unit
taxes (Barzel). Taking into account relative prices, demand shifts toward higher-
quality products after a price increase. Several empirical papers aimed at testing

this hypothesis, with generally mixed results.'® However, in contrast to BGS and

4Note, however, that focusing theory can account for both results if the following two assump-
tions are added to the model by Kdszegi and Szeidl (2013): first, the utility function satisfies
diminishing sensitivity, and second, mentally but not factually available items are admitted to the
agent’s choice set.

15 Azar (2010) tests this hypothesis both in a field experiment and in a hypothetical study. While
the hypothetical study supports his prediction (see also Azar, 2011), the field results reject it.

16 Bertonazzi et al. (1983), Borcherding and Silberberg (1978), Nesbit (2007), and Sobel and
Garret (1997) find evidence of a demand shift, whereas Coats et al. (2005) and Lawson and Raymer
(2006) find no or only moderate support.
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the present investigation, none of these papers accounts for the composition of the

consideration set such that they cannot explain Result 2.

Comparisons and choice (Cunningham, 2013). Cunningham offers a behav-
ioral theory according to which preferences depend on the current choice set and on
the choice set history. His main assumption is that the appreciation for a certain
choice dimension (more precisely, the marginal rate of substitution between this and
every other dimension) decreases if any element in the history (or the current choice
set) increases in absolute value along this dimension.

Concerning our experiment, this theory is consistent with Result 1. As both
prices in HP are larger in absolute value, the price dimension attracts less attention
than in LP such that subjects are more likely to choose the high quality product in
HP than in LP. Cunningham, however, does not offer an unambiguous way of how
to include the information email into the framework. In our interpretation of the
model the content of the information email is not part of the choice set history and
therefore Result 2 is not explained.!” Thus, Cunningham can account for our first,

but not for our second result.

5.6 Discussion

Our experiment and, in particular, our first two treatments HP and LP, are in the
spirit of the jacket and calculator puzzle by Tversky and Kahneman (1981) and
Thaler (1999). According to this puzzle, people are willing to drive across town to

save $5 on a $15 calculator while they are not willing to drive across town to save

17Tt should be noted that if one is willing to assume that (i) the content of the information email
forms part of the choice set history and (ii) the choice history affects decisions only through the
average values observed in the entire history, then Result 2 is also consistent with his theory as the
average price is larger in HP than in UHP. Thus, price attracts less attention in HP than in UHP
and consequently subjects are more likely to choose the high quality in HP. However, this logic
would also imply that individuals are less likely to choose the high-quality product in LP than
in UHP as the average price is lower in LP. But this prediction is not consistent with our results
as we do not observe significantly different choices between LP and UHP. It should also be noted
that Assumption (ii) is criticized, for instance, by Bushong et al. (2015) in footnote 3, where they
argue that this assumption can contradict relative thinking in a counter-intuitive manner.
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$5 on a $125 jacket. Thus, people seem to value saving a fixed amount the less the
higher the base price is ($10 vs. $120).

In contrast to other studies, we exclude the outside option of not buying at all,
which allows us to precisely distinguish between relative thinking and diminishing
sensitivity. Bushong et al. (2015)’s model of relative thinking, for instance, can
explain the puzzle only if not buying is an available option. Then, the cost saving
seems large if the base price is low as it represents a larger percentage of the overall
price range. On the contrary, if the base price is high, the cost saving represents only
a small percentage of the overall price range, such that the saving opportunity seems
less attractive. By excluding the outside option of not buying, we hold the price
range constant between our treatments such that we can rule out relative thinking
as the driver of our effect.

Our third and most novel treatment (UHP) extends the jacket and calculator
puzzle by showing that not only the base price, but also the expectations of the
base price affect price sensitivity. An agent is price-sensitive even at high base
prices if she is surprised by the high price level. This treatment allows to test for
two assumptions simultaneously: for ordering and for the effect of only mentally
available items on decision making. Especially the test for the latter is novel as it
is hard to control for a subject’s consideration set outside a controlled laboratory
experiment.

We test these fundamentals in a domain where salience theory’s predictions are
most novel. Alternative predictions, such as decoy and compromise effects, have been
documented in different domains (see, e.g., Highhouse, 1996), both in hypothetical
and in incentivized experiments (Herne, 1999). For instance, Heath and Chatterjee
(1995) provide a meta-analysis which demonstrates that adding decoys to choice
sets increases the demand for brands which are similar to the decoys but reduces

demand for dissimilar brands.
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5.7 Conclusion

This study explores choices between vertically differentiated products in a laboratory
experiment with real consumption decisions. We find that decision makers’ responses
largely depend on whether price levels are expected or not. An expectedly high price
level induces more subjects to choose the high-quality product than if subjects were
unsure about the actual prices. By analyzing the differential effects of expected
and unexpected price hikes, we confirm two central predictions of consumer choice
for vertically differentiated products made by salience theory (Bordalo et al., 2013).
Furthermore, we review alternative established behavioral theories and find that
these theories cannot account for our findings.

Our study provides interesting insights for researchers and practitioners about
the decision making of consumers. Given that salience theory predicts that ex-
pected upward price shifts can reduce consumers’ price sensitivity, it yields a ratio-
nale for various observations in the retail sector. For example, our findings explain
why suppliers can sustain high margins for premium products in high-price envi-
ronments where quality is more likely to be overweighted while prices tend to be
disregarded.'®
Moreover, we document that consumers tend to overweight prices when price in-
creases are unexpected. This yields important insights for marketing purposes. For
instance, when a retailer is confronted with uniform cost increases (for all its prod-
ucts, e.g., change in quantity taxes), the retailer should not only expect its demand
to drop if the change in final consumer prices is unexpected by consumers, but also
to expect that demand between high- and low-quality variants will change toward

lower quality.

18For instance, Dudenhéffer (2014) shows that premium manufacturers in the automotive indus-
try can preserve EBIT margins for each car that are twice as high as those earned by high-volume
manufacturers.
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Appendix A: Information emails and instructions

Dear participants,

please read this email carefully! It contains information about the procedure of the experi-
ment on xx/xx/2015, for which you registered.

The experiment is about your willingness to pay for internet access. You have to purchase
high-speed or low-speed internet which you can use at your convenience during the
experiment - please note that it is not possible to buy no internet access at all! For partici-
pating in the experiment you will automatically receive a fixed payment of 12 Euro minus
the costs for the selected internet access.

You can use the internet at your convenience during the experiment and you do not have to
do any further tasks. Note that the browser will be reset automatically after the experiment
- no content will be saved! Neither the experimenters nor other people can reproduce which
websites you have visited.

Restrictions: you are not allowed to use the speakers of the computer in order to not disturb
other participants, to visit illegal websites or to perform any downloads. Furthermore, you
are not allowed to use your own paper, mobile phones or any other printed media or electronic
devices.

High-speed internet (regular internet access via the HHU-network) can be described as
follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average less
than 5 seconds to load.

Low-speed internet (restricted internet access) can be described as follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average
about 30 seconds to load.

The one-time costs for the two alternatives are:

e High-speed internet: €1.50

e Low-speed internet: €0.50
At the beginning of the experiment you will receive a decision sheet where you have to indicate
your choice for one of the two internet alternatives. After you have made your decision, your
computer is set up according to your choice and you can use the internet for the next 45

minutes. After 45 minutes you will receive your payment (12 Euro minus the cost for the
chosen internet access) and the experiment is finished.

Figure Ab5.1: Information email for the participants of treatment LP.
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Dear participants,

please read this email carefully! It contains information about the procedure of the experi-
ment on xx/xx/2015, for which you registered.

The experiment is about your willingness to pay for internet access. You have to purchase
high-speed or low-speed internet which you can use at your convenience during the
experiment - please note that it is not possible to buy no internet access at all! For partici-
pating in the experiment you will automatically receive a fixed payment of 15 Euro minus
the costs for the selected internet access.

You can use the internet at your convenience during the experiment and you do not have to
do any further tasks. Note that the browser will be reset automatically after the experiment
- no content will be saved! Neither the experimenters nor other people can reproduce which
websites you have visited.

Restrictions: you are not allowed to use the speakers of the computer in order to not disturb
other participants, to visit illegal websites or to perform any downloads. Furthermore, you
are not allowed to use your own paper, mobile phones or any other printed media or electronic
devices.

High-speed internet (regular internet access via the HHU-network) can be described as
follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average less
than 5 seconds to load.

Low-speed internet (restricted internet access) can be described as follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average
about 30 seconds to load.

The one-time costs for the two alternatives are either:
e High-speed internet: €1.50

e Low-speed internet: €0.50

e High-speed internet: €4.50
e Low-speed internet: €3.50

At the beginning of the experiment you will learn which of the two price levels will apply in
the experiment. You will receive a decision sheet where you have to indicate your choice for
one of the two internet alternatives. After you have made your decision, your computer is
set up according to your choice and you can use the internet for the next 45 minutes. After
45 minutes you will receive your payment (15 Euro minus the cost for the chosen internet
access) and the experiment is finished.

Figure A5.2: Information email for the participants of treatment UHP.
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Information on the experiment

Welcome to this experimental study. Please do not talk to other participants from now on.
You are not allowed to use your own paper, mobile phones or any other printed media or
electronic devices.

For the duration of the experiment (45 minutes) you have to purchase high-speed or low-
speed internet which you can use at your convenience during the experiment - please note
that it is not possible to buy no internet access at all! For participating in the experiment you
will receive a fixed payment of 12 Euro minus the costs for the selected internet alternative.

You can use the internet at your convenience during the experiment and there are no other
tasks to complete. Note that we do not store any information: the browser will reset au-
tomatically after the experiment! Neither the experimenters nor any third party can track
which websites you have visited.

High-speed internet (regular internet access via the HHU-network) can be described as
follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average less
than 5 seconds to load.

Low-speed internet (restricted internet access) can be described as follows:

e Frequently visited pages like facebook.de, spiegel.de or bild.de take on average
about 30 seconds to load.

After all participants read the instructions, you will receive a decision sheet where you have
to indicate your choice for one of the two alternatives.

The one-time costs for the two alternatives are:
e High-speed internet: 1.50€
e Low-speed internet: 0.50€

After you have made your decision you can use the internet for the next 45 minutes. [Re-
strictions: you are not allowed to use the speakers of the computer in order to not disturb
other participants, to visit illegal websites or to perform any downloads].

After 45 minutes you will receive your payment (12 Euro minus the cost for the chosen
internet access) and the experiment ends.

If you have any questions, please do not hesitate to contact the experimenters at any time.
Just raise your hand and we will answer your question privately.

After completing the experiment, please wait at your seat until you are called.

Figure A5.3: Instructions for the participants of treatment LP.
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Appendix B: Subject characteristics

Table B5.1: Subject characteristics across treatments

Treatment Variable Mean Std. Dev. Min. Max. N
LP Gender 0.456 0.503 0 1 57
Age 24.925 3.807 18 38 53
Undergraduate (Bachelor) 0.660 0.478 0 1 53
Humanities 0.345 0.48 0 1 55

Human medicine 0.073 0.262 0 1 55

Law 0.036 0.189 0 1 55
Mathematics and Natural Sciences  0.273 0.449 0 1 55
Economics 0.273 0.449 0 1 55
Electrical Engineering 0 0 0 0 55

HP Gender 0.492 0.504 0 1 59
Age 24.833 3.575 20 38 54
Undergraduate (Bachelor) 0.596 0.496 0 1 47
Humanities 0.333 0.476 0 1 57

Human medicine 0.123 0.331 0 1 57

Law 0.088 0.285 0 1 57
Mathematics and Natural Sciences  0.193 0.398 0 1 57
Economics 0.246 0.434 0 1 57
Electrical Engineering 0.018 0.132 0 1 57

UHP Gender 0.509 0.505 0 1 53
Age 24.234 3.198 18 32 47
Undergraduate (Bachelor) 0.558 0.502 0 1 52
Humanities 0.25 0.437 0 1 52

Human medicine 0.096 0.298 0 1 52

Law 0.038 0.194 0 1 52
Mathematics and Natural Sciences  0.308 0.466 0 1 52
Economics 0.308 0.466 0 1 52
Electrical Engineering 0 0 0 0 52

Full sample Gender 0.485 0.501 0 1 169
Age 24.681 3.538 18 38 154
Undergraduate (Bachelor) 0.605 0.490 0 1 152
Humanities 0.311 0.464 0 1 164

Human medicine 0.098 0.298 0 1 164

Law 0.055 0.228 0 1 164
Mathematics and Natural Sciences  0.256 0.438 0 1 164
Economics 0.274 0.448 0 1 164
Electrical Engineering 0.006 0.078 0 1 164
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Appendix C: Formal analysis of K&szegi and Rabin
(2006)

In order to investigate whether Kdszegi and Rabin (2006) can account for Result 2,
we determine all personal equilibria (PE) in treatment UHP. Suppose that an agent
expects to find the low price level with some exogenous probability 0 < p;, < 1
and a high price level with py := 1 — py. Given the low price level, the decision
maker expects to choose the low-quality option with probability pZ and the high
quality option with probability 1—p5L. Given the high price level, she expects to opt
for the low-quality option with probability p and for the high-quality option with
probability 1 — p. Then, the reference price level 7, equals r,(pr) := pr, (0.50 pL +
1.50 (1 —pL)) + (1 —pz) (3.50 p2 +4.50 (1 — pi’)) and the reference quality level is
given by r4(pr) = qr (pL py +(1—pr) Pf) +qu (pL (1=ph)+ (1 —p) (1 _Pf))-

A PE requires the following consistency criterion to be satisfied. Given the
reference point (7,,7,), the decision maker finds it optimal to follow her plan at the
second stage, that is, if prices are low (high) she chooses the low-quality option with
probability pL (pf, respectively).

According to KR, the utility derived from an alternative k = (pg,qx), given a

reference point r = (1, r,), is given by
u(klr) = v(k) + n(k[r),

where n(k|r) denotes the gain-loss utility relative to the reference point (which is
zero in a rational model). As before, the agent’s consumption utility v(k) is linear
and equals v(k) = g — p. Suppose that the high- and the low-quality product lie
on a rational indifference curve, thus qy = qr + 1. We assume that n is additively
separable across dimensions, i.e., n((pk, g )|7) := ny(pr|rp) +14(qrly), and n;(z|y) =
p(v;(z) — v;(y)) for a function p which satisfies the properties of the value function
introduced in Kahneman and Tversky (1979). In particular, let p be a piecewise

linear function which is defined by p(x) = nzif z > 0 and p(x) =iz if z <0,
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where parameter 77 > 0 is a measure of the weight a decision maker assigns to the
gain-loss utility and A is a coefficient of loss aversion. Following prospect theory,
losses relative to the reference point receive larger weights than gains, i.e., A > 1.
As choosing the high quality will never represent a loss in the quality dimension we

have

ng(qulre) = n (g —14)-

Analogously, the low quality will never represent a gain, that is

nq(qrlre) = Anlqr —rq).

Concerning prices, the low quality product’s price will never represent a loss at the
low price level and the high quality product’s price will never represent a gain at
the high price level.

In the following we discuss the case where subjects expect both scenarios with
equal probability, that is, p;, = 50%. We then show that the only PE involves
choosing the low-quality product with probability 1.

First, if there is a solution with 0 < pf < 1, then the decision maker is indifferent
between opting for the high and the low quality at the second stage at high prices,
that is,

qr — 3.50 = ny(3.50r,(pr)) — An(re(pr) — qr)
=gy — 4.50 — A(4.50 — r,(pr)) + n(qa — r4(pr))

19Gtraightforward computations show that this pure strategy equilibrium exists also for arbitrary
expectations of py,. If p;, becomes sufficiently small such that the low quality option at the high
price level can be perceived as a gain in the monetary dimension for some p and pZ, then, however,
multiple equilibria exist. In that case, it is also an equilibrium to have pY = 0 and in addition
there exists also a strictly mixed equilibrium such that any choice pattern can be in line with KR.
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or, with our specification,

qr — 3.5 = nA(3.5 = 1,(0.5)) — An(r,(0.5) — qr)
=qu — 4.5 — (4.5 — 1,(0.5)) + n(qu — 14(0.5)).

As qg = qr +1, this is equivalent to r, = gg, which is a contradiction as we assumed
p > 0. Thus, it must hold that p? € {0,1}.

Second, suppose pf = 1. Then, it has to be (weakly) optimal to choose the high
quality at the second stage, that is

qr, — 3.50 — nA(3.50 — rp,) — nA\(ry — qr) < qu — 4.50 — nA(4.50 — rp)) + gy — 1)

or, equivalently,
)\(QH - Tq) S qaH — Tq,
which is a contradiction as A > 1 and gy > r,.
Third, suppose p = 0 such that
qr — 3.50 — nA(3.50 — rp,) — nA\(qr — rg) > qu — 4.50 — nA(4.50 — rp)) + n(qu — 1)
has to be fulfilled. Indeed, the equivalent condition

Arg+1—=qr) > (qu —1q),

is satisfied as the reference quality is closer to ¢ than to ¢m and in particular
rq+1—qr > qu — qr and qg — r4 < qu — qz- Thus, in a personal equilibrium the
decision maker will rationally expect to choose the low quality in order to minimize

her loss in the price-domain.
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