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ABSTRACT
Using data from the survey ‘Aspects of daily life’ conducted on Italian
individuals in 2014 by the Italian Institute of Statistics, we propose new
evidence on the factors that encourage the adoption of fixed broadband,
a topic relevant for the reduction of the so-called broadband demand
gap. We estimate a probit model through the two-step Heckman
procedure for the selection bias, and find that, besides the already
studied socio-demographic determinants, Internet-capable devices other
than personal computers, as well as recreational (essentially video
contents) and cloud-related uses of the Internet, have a relevant positive
role. Policies aimed at fostering the diffusion of smart homes and more
generally of the Internet of things at the residential level might be very
effective in favouring fixed broadband adoption, provided that the
network be neutral, not discriminating between data based on their
contents and/or the destination device, and that possible foreclosing
behaviours in the access to (premium) contents be properly and promptly
addressed.
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1. Introduction

The ambitious 2020 targets set by the European Commission in terms of broadband coverage and
penetration (European Commission 2010) have led the governments of the Member States to
invest considerable efforts and resources in the deployment of broadband infrastructures. The avail-
ability of a pervasive, high-quality and reliable broadband network is in fact one of the necessary con-
ditions to enable the fruition of Internet-based advanced services (Vicente and Gil-de-Bernabé 2010),
which are expected to affect positively many aspects of consumers’ life (e.g. social inclusion, health
and education; see, for instance, Alam and Imran 2015; Andrade and Doolin 2015; Broadbent and
Papadopoulos 2012; Salemink, Strijker, and Bosworth 2016; Townsend et al. 2013; Warburton et al.
2014), firms’ productivity (Colombo, Croce, and Grilli 2013; Hagsten 2015; Haller and Lyons 2015;
Majumdar 2010) and ultimately economic growth (Czernich et al. 2011; Fornefeld, Delaunay, and Elix-
mann 2008; Gruber, Hätönen, and Koutroumpis 2014; Whitacre, Gallardo, and Strover 2014). More-
over, numerous expectations are arising about the significant economic and social impacts
associated with further developments (still) on the horizon, such as the so-called Internet of
Things (Agrawal and Mazumdar 2015; Evans 2011; OECD 2014; Schindler et al. 2012), a paradigm
that ‘involves a large number of devices communicating with one another primarily across the Inter-
net using fixed and wireless access networks’ (BEREC 2016, 4).
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However, a significant amount of households covered with a fixed broadband connection have
not adopted it yet: only 74% of European households have a fixed broadband connection, with
Italy showing the lowest figure, 55% (compared to a nearly full coverage: 97% in Europe, above
99% in Italy). Another, more sophisticated way to observe this phenomenon is provided by I-Com
(2016) through its Broadband Index, built to assess the digital maturity of the 28 European Union
Member States from both the supply and the demand side.1 According to these two specifications
of the Index, Italy ranked 21st in 2016 but with a relevant difference: while the normalized supply-
side score amounts to 83.3 (100 being the score of the best country, the Netherlands), the
demand-side one is 58.4 (compared with the top-scoring Finland), implying that the development
of the supply side of the national broadband ecosystem is far more mature than the demand (the
relative distance from the top country being smaller).

These data suggest that policies, including economic regulation, that directly or indirectly have an
impact on broadband demand should be paid greater and renewed attention to tackle what Katz and
Berry (2014, 6) define as the broadband demand gap: ‘the difference between either households or
individuals that could gain access to broadband but do not acquire the service’. As underlined by
Belloc, Nicita, and Alessandra Rossi (2012, 383), ‘while both supply- and demand-side policies have
a positive effect on broadband diffusion at lower stages of broadband penetration, when an
advanced stage is reached, only demand-side policies appear to generate a positive and increasing
effect’.

Within such a picture, hence, the need to refine the identification of the determinants of fixed
broadband connections’ adoption is urgent. In fact, although several scholars have been dealing
with the topic over the last 20 years, the evidence provided relates to earlier stages of the fixed broad-
band environments, characterized by patchwork coverage – with a significant digital divide (typically
between rural and urban areas) – high connection prices and low levels of competition among oper-
ators. Hence, in that phase, the level of broadband adoption strongly depended also on supply side
determinants (for instance, the level and the nature of the competition among broadband providers,
the cost of network deployment), as they affected the local availability of fixed broadband connec-
tions. In that situation, it could well be that individuals interested in subscribing to a broadband
service did not find any operator serving the area.

With regard to the current situation, recent data tell that, at least for fixed broadband networks
(the situation is quite different for ultra-broadband), the coverage is essentially full, and no geo-
graphical or rural/urban digital divide is affecting its availability. In other words, in the present
context, the level of broadband subscriptions is determined exclusively by demand side conditions,
as the (nearly) full broadband coverage implies that potentially all individuals could subscribe to a
broadband service. The reasons for the ‘demand gap’, then, must be sought in other directions,
that is, identifying new and unexplored demand-side divides at the individual level. The answer to
such research question must take into account some important recent developments in terms of
broadband connection technologies, devices and Internet uses, not (or only marginally) addressed
in existing studies. Concerning this, it should be recalled that smartphones and tablets, two of the
most-used devices to connect to the Internet nowadays, appeared on the market in 2008 (the
iPhone 3G) and in 2010 (the iPad), respectively, and massively diffused only later. Smart TVs are a
recent (2010s) development as well. As a consequence of such innovations, technology usage in
homes has changed significantly (Kawsar and Bernheim Brush 2013); just as significant is the likely
lowering of the associated requirements in terms of computer literacy. In fact, these devices are
based on relatively simpler operating systems and, above all, on apps, which frame the user experi-
ence in a set of predefined actions, making their usage easier; the discovery and installation of the
apps, through marketplaces, is easier too (Quay-de la Vallee, Selby, and Krishnamurthi 2016) com-
pared with personal computers.

Even the set of possible Internet uses has evolved profoundly over the last years. For instance,
cloud services (Gruber, Hätönen, and Koutroumpis 2014) have become very common only recently.
Moreover, many content producers nowadays distribute their contents, including premium contents,
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also (or even exclusively, as, for instance, is the case of SVoD, TVoD and AVoD2) through broadband
connections, to the extent that scholars and operators are paying increasing attention to so-called
‘cord cutting’ (Banerjee, Rappoport, and Alleman 2014; Farrell 2016; I-Com 2016; Waterman,
Sherman, and Wook Ji 2013), a phenomenon that refers to users cancelling their subscription to tra-
ditional pay TVs and migrating to xVoD. Lastly, great potential is attached to the development of
smart homes, which, through the connection and monitoring of in-home devices, could bring signifi-
cant benefit to the population, especially its ageing members, in terms of environmental and social
sustainability (Ehrenhard, Kijl, and Nieuwenhuis 2014).

Given the above, the present paper is an attempt, the first to our knowledge, to fill these gaps.
Our empirical analysis is aimed at investigating the determinants of residential fixed broadband
adoption, in a context of (nearly) full broadband coverage, taking into account the aspects that
have so far been neglected (for instance, the role of Internet-capable devices other than personal
computers, such as mobile devices, games consoles and smart TVs) or considered in isolation
(socio-demographic factors, individuals’ use of the Internet, complementarity/substitutability
with available mobile broadband connections) to derive additional insights and policy implications
for the stimulation of the broadband demand and the consequent reduction of the broadband
demand gap. The analysis is based on data gathered from the latest sample of the annual
survey ‘Aspects of Daily Life’ referring to the year 2014, conducted by the Italian National Institute
of Statistics and aimed at collecting fundamental information on the habits and the problems faced
by individuals in their everyday life.

The rest of the paper is organized as follows. Section 2 presents an overview of the previous rel-
evant literature. Sections 3 and 4 describe the empirical strategy adopted and the results obtained,
respectively. The discussion of the results and some policy implications are included in the conclud-
ing section 5.

2. Frame of reference and other studies on broadband adoption

Until recently, both policy makers and scholars paid greater attention to the supply side of the broad-
band ecosystem, with particular reference to the deployment (in the first place) and the upgrading (at
a later stage) of fixed broadband infrastructures, activities requiring extremely costly investments
(OECD 2008a). Many critical issues needed to be tackled initially. On the one side, there were concerns
about the geographical digital divide that would have involved territories characterized by market
failures, and the need to identify the best ways for public intervention to contribute to overcoming
it was pressing (Analysys 2008; OECD 2008b; Picot and Wernick 2007). On the other side, there was
the question of identifying the principles and design of an efficient economic regulation of the
involved markets through which to respect the delicate balance between obtaining rapid and tangi-
ble results – in terms of the competition between the incumbent and the new entrants – and preser-
ving the incentive to invest in the development of the infrastructures (Briglauer 2015; Cambini and
Jiang 2009; Huigen and Cave 2008; Kotakorpi 2006; Nitsche and Wiethaus 2011; Vareda 2010). These
challenges were even more severe in Italy for a variety of reasons. Amongst the most significant were
the lack of an alternative and pervasive fixed infrastructure (such as the cable TV infrastructure,
present in most industrialized countries), a circumstance that, besides limiting the immediately avail-
able options for the reduction of the digital divide, would have granted the vertically integrated
incumbent (Telecom Italia) even greater market power – initially limited through a regulation strongly
biased towards service-based competition – and the relatively short average length of the copper
local loops (and sub-loops), ideal for the provision of good-quality broadband (up to 30 Mbps)
and ultra-broadband (above 30 Mbps) connections, but that inevitably would have contributed to
delaying investments in the upgrade (i.e. bringing fibre optics closer to the users; see Cambini,
Polo, and Sassano 2016; Quaglione 2009) of the infrastructure.

However, European Member States – Italy among them, though with deferment – have succeeded
in reaching significant levels of fixed broadband coverage (see Figure 1). As reported at the end of
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2015, a fixed broadband connection is available to over 97% of European households. In this picture
Italy performs pretty well (99.3%).

Nevertheless, two criticalities emerge concerning both the European and, most severely, the
Italian context. First, marked heterogeneity can be detected when the quality (in particular, the band-
width) of these connections is taken into account. As Figure 2 clearly highlights, in Europe only 70% of

Figure 1. Fixed broadband coverage (% households). Source: Digital Agenda Scoreboard.

Figure 2. Fixed ultra-broadband coverage (% households). Source: Digital Agenda Scoreboard.
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the available connections can deliver a speed above 30 Mbps, a percentage that decreases to less
than 44% for Italy, where policies (for a thorough survey of which see Cambini, Polo, and Sassano
2016) targeting the generalized deployment of ultra-broadband networks have been put in place
only recently.

Second, the share of households with a fixed broadband subscription is rather low: only 74% of
European households have a fixed broadband connection, with Italy showing the lowest figure,
55% (see Figure 3).

Concerning this second criticality, which is the focus of our paper, some of the extant empirical
studies investigate the determinants of broadband penetration across OECD or EU countries
(Bauer, Kim, and Wildman 2003; Bauer, Madden, and Morey 2014; Belloc, Nicita, and Alessandra
Rossi 2012; Bouckaert, Van Dijk, and Verboven 2010; Briglauer 2014; Cava-Ferreruela and Alabau-
Muñoz 2006; Distaso, Lupi, and Manenti 2006; Lee and Brown 2008; Lin and Wu 2013). These
works have the merit of clarifying the role of some important drivers – such as platform competition,
the quality of the connections, income and computer literacy – in broadband penetration, especially
at its early stage, when policies had to be put in place to foster both the coverage and the adoption of
broadband connections. However, these contributions adopt a macro-level approach, which is less
suitable when more accurate and deeper insights into the demand side are sought. Other studies
in the literature are closer to our viewpoint: those that adopt an empirical approach based on
micro-data surveys at the household or individual level (Chaudhuri, Flamm, and Horrigan 2005; Clem-
ents and Abramowitz 2006; Dwivedi and Lal 2007; Flamm and Chaudhuri 2007; Hitt and Tambe 2007;
Köksal and Anil 2015; Lyons 2014; Prieger and Hu 2008; Rappoport, Kridel, and Taylor 2002; Roycroft
2013; Sadowski 2016; Savage and Waldman 2005).

Most of the extant literature highlights the importance of socio-demographic predictors of broad-
band (and Internet) adoption. Both country-level and individual/household analyses provide evi-
dence that the choice to subscribe to a fixed broadband connection is positively correlated with
income (Drouard 2011; Grzybowski and Verboven 2016; Köksal and Anil 2015; Kongaut and Bohlin
2016; Lin and Wu 2013; Prieger 2015; Prieger and Hu 2008; Sadowski 2016). Early papers refer this
finding to the relatively high prices of broadband connection services compared with dial-up Internet

Figure 3. Fixed broadband adoption (% households). Source: Digital Agenda Scoreboard.
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access (for instance, in the USA, in the early 2000s, the difference in the monthly price of broadband
and narrowband service was approximately $30; as reported by Rappoport, Kridel, and Taylor 2002;
Savage and Waldman 2005). More generally and bringing matters up to date, better economic con-
ditions imply a higher probability of having the resources to afford to own a computer (or, more
recently, any Internet-capable device) or to pay for broadband access (Hauge and Prieger 2010;
Katz and Berry 2014). Incidentally, Goldfarb and Prince (2008) show that higher-income individuals
are more likely to adopt the Internet but spend less time online because of the higher opportunity
cost of time. Other socio-demographic characteristics that have a positive impact on broadband
adoption are education (Chaudhuri, Flamm, and Horrigan 2005; Corrocher 2011; Köksal and Anil
2015; Lin and Wu 2013; Prieger and Hu 2008; Tsai and Bauer 2014), computer/ICT literacy (Bauer,
Madden, and Morey 2014; Chinn and Fairlie 2006; Lee and Brown 2008; Prieger 2015) and the pres-
ence of children in the household (Clements and Abramowitz 2006; Drouard 2011; Robertson, Soo-
pramanien, and Fildes 2007; Roycroft 2013). Among the variables with a negative impact on
broadband (and Internet) adoption and usage, age is certainly the most significant (except for
Drouard 2011 and Roycroft 2013, who find a positive relationship): older people are less likely to
use the Internet (Kraut et al. 1996), show less intention to adopt broadband (Larose et al. 2012),
can be conditioned by their lack of skills to operate computers and may not have any Internet-
capable devices at home (Dwivedi and Lal 2007). Even being a tenant reduces the probability of sub-
scribing to a fixed broadband connection service (Roycroft 2013), as it implies incurring costs (for
instance, connection/activation and disconnection costs) that are specific to the house and are there-
fore more likely to be borne by house owners.

As goods that are complementary to broadband connections, the availability of (one or more) per-
sonal computers is identified as playing a relevant positive role in users’ embracing of broadband ser-
vices (Bauer, Madden, and Morey 2014; Kongaut and Bohlin 2014; Lyons 2014; Roycroft 2013). As
concerns the other Internet-capable devices that are used at home more and more frequently
(Kawsar and Bernheim Brush 2013), no empirical literature is available in which the impact of their
adoption on broadband (and much less fixed broadband) adoption is analysed. Only Kongaut and
Bohlin (2016) find a positive relationship between the availability of a fixed broadband connection
and certain uses of smartphones over the Internet.

An interesting, recent development in the literature focusing on the identification of the determi-
nants of fixed broadband adoption involves the relationships between fixed and mobile access. Con-
cerning this, most studies demonstrate that fixed broadband access and mobile broadband access to
the Internet are substitutes (Bae, Choi, and Hahn 2014; Grzybowski 2014; Grzybowski and Verboven
2016; Jung, Kim, and Kauffman 2014; Madden, Suphachalasai, and Makjamroen 2015; Prieger 2015).
Contrary evidence is put forward by Grzybowski and Liang (2015) and Kongaut and Bohlin (2016),
according to which, under some conditions (i.e. for quadruple-play subscribers) or for specific uses
of smartphones (video, music and social networking), mobile broadband access is found to be comp-
lementary to fixed broadband access. The idea is that, when traffic-intense contents (for instance,
video streaming) are concerned, the user initially accesses them through a smartphone to carry
out a preliminary evaluation and then completes the online activity through the fixed broadband
connection, which typically has no traffic limit and is faster and more stable. It should be noted
that the findings of these two groups of papers are not necessarily incompatible. Rather, they
imply that the question of fixed/mobile broadband substitutability/complementarity should be
dealt with also taking into consideration whether the user accesses the Internet inside or outside
the house.

As strongly emphasized in the literature concerning network industries and indirect network
externalities (Economides 1996; Katz and Shapiro 1994), contents are an important complement
to broadband connections, as the value that broadband users attach to adopting a (fast) Internet
connection is also positively influenced by contents’ availability (Garcia-Murillo 2007). In fact,
advanced multimedia applications and contents, and in particular video contents, are found to
be relevant drivers of broadband adoption for different reasons: the penetration rates are
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stimulated by the ability of Internet service providers to include video services in their bundles
(Glass and Stefanova 2010; Liu, Chintagunta, and Zhu 2010); at the same time, Roycroft (2013)
shows that consumers who subscribe to pay television services are more likely adopt broadband,
which implies that users’ preferences for contents, especially premium contents, encourage their
broadband adoption.

Lastly, the evidence in the literature concerning the impact of different Internet uses on fixed
broadband adoption is scant and mainly indirect. Kongaut and Bohlin (2016) show that the avail-
ability of fixed broadband is positively related to the fruition of video, music and social networks
through smartphones. Prieger (2015) demonstrates that fixed broadband users are more likely
than dial-up users to search for health information on the Internet. The question is particularly impor-
tant, as it is reasonable to assume that the choice to adopt fixed broadband is somehow related to the
way in which the potential subscriber uses the Internet. It has already been emphasized above that,
under certain conditions, mobile and fixed broadband access could be used in a complementary way.
Such evidence reflects some relevant differences between fixed and mobile broadband technologies
and service characteristics. In terms of speed, for instance, although 3G and 4G connections can
deliver an absolute bandwidth that is at least comparable to (often higher than) that of DSL lines,
this bandwidth is shared among all the users connecting to the same cell. This implies that Internet
uses that require a stable connection speed would be better enabled by fixed broadband, unless the
fruition should occur on the move. Furthermore, even concerning the characteristics of the offers,
fixed broadband connection services typically include unlimited data traffic at a flat rate while
mobile ones include a limited amount of data traffic3 (additional gigabytes of traffic can be purchased
but at a relatively high price). Consequently, mobile broadband connections are less suitable for data-
intensive uses of the Internet.4

3. Empirical strategy

We move from the fact that, for a given respondent, the adoption of broadband is not observed
unless he is an Internet user. In particular, since fixed broadband connection services are character-
ized by always-on, flat rate and unlimited data traffic features, then the decision to adopt a fixed
broadband connection mainly concerns high-frequency Internet users. This implies that the
sample of broadband adopters is not random and the estimates could be biased. Hence, we opt
for a Heckman correction procedure, which allows the estimation of probit models when there is
a suspicion of sample selection bias (see Van de Ven and Van Praag 1981). In our case, if the
sample of respondents who use fixed broadband is systematically different from that of respondents
who do not use frequently the Internet, the coefficients associated with the factors that explain the
choice to use fixed broadband might be biased. The Heckman’s approach is a limited information
maximum likelihood (LIML) estimator. As demonstrated by Monte Carlo simulations, in asymptotic
theory and in finite samples the full information (FIML) estimator exhibits better statistical properties,
but it is more computationally difficult to implement (Puhani 2000). The FIML is a straightforward
maximum likelihood model, like a probit or logit, that maximizes a specified likelihood function.
By definition, when the error assumptions are met, the FIML will always be more efficient than the
Heckman two-step (see Leung and Yu 1996, 2000; Maddala 1985; Puhani 2000). However, the FIML
relies more heavily on the normality assumption and is therefore less robust than the Heckman
two-step to deviance from that assumption. The FIML may have difficulty converging, particularly
in the absence of exclusion restrictions, while the Heckman two-step model can almost always be
estimated. In addition, the Heckman correction approach enables a correction for non-randomly
selected samples if the sample size is adequate. Nawata (1993, 1994, 1995) and Nawata and
Nagase (1996) show that, when the sample sizes is larger than 400 units, LIML estimator improves
its performance and tends to the results of FIML estimator (see Nawata 2004). Since our sample is
44,984 individuals, and the estimates are made on about 29,000 observations, we can be sure of
the goodness of Heckman two step approach.
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From an analytical point of view, the Heckman probit model estimates two equations simul-
taneously: a ‘frequency of Internet use’ equation and a ‘fixed broadband adoption’ equation. The pro-
posed model is a bivariate probit model that takes the following form:

Selection equation: Pr(Dj = 1|Zj) = a+ mZj + 1j , (1)

Regression or observation equation: Pr(Yj = 1|Xj) = a+ bXj + uj , (2)

1j
uj

( )
� i.i.d.

0
0

( )
,

s2
1 r1u

ru1 s2
u

( )( )
,

where Dj is the dichotomous variable of the selection equation, which equals 1 if the individual
uses the Internet at least once a week, and 0 otherwise, for each j-th respondent; Zj is the set of
covariates; Yj is the dependent variable of the observation equation and is equal to 1 if the respon-
dent has adopted a fixed broadband connection and zero otherwise, for each j-th respondent;
and Xj is a set of variables related to the socio-demographic and economic characteristics of
the respondent as well as her endowment in terms of Internet-connected devices and her
types of Internet use.5

The procedure à la Heckman assumes that the errors of the two equations are normally distributed
with zero mean and variance and are correlated among themselves. It is possible to test the null
hypothesis that the two errors are not correlated – H0: r = 0 –with a specific Wald test. If the hypoth-
esis H0 of zero correlation is rejected, it can be stated that there is a problem of self-selection in the
model and the estimators are biased. In our case the null hypothesis is rejected with significance of
1%. It may thus be concluded that the errors are significantly correlated among themselves, as
required by the Heckman hypothesis. Finally, for the goodness of the estimates, as suggested by
Heckman (1979), it is necessary for at least one variable included in Zj (in the selection equation)
not to be present in Xj (in the observation equation).

3.1. Dealing with endogeneity

In addition to the selection bias problem, we detect a potential endogeneity problem in the obser-
vation equation (2) that must be addressed before running the Heckman probit estimation. In par-
ticular, the cloud and recreational covariates may introduce endogeneity problems, as both these
Internet uses are typically enabled by broadband connections, characterized by relatively high band-
width levels, unconstrained data traffic and always-on capabilities. It could well be, then, that individ-
uals start using the Internet to access to cloud services and to video contents (the main component of
the recreational use) as a result of the availability of a fixed (unlimited, fast and stable) broadband
connection. Therefore, a two-stage estimation is carried out. To check for endogeneity, we
proceed as follows: first we regress cloud and recreational on the potential instruments; then we sub-
stitute in the observation equation (2) the estimated values of cloud and recreational in place of the
original ones.

To check the strength of the instrumental variables, we implement an IV (instrumental variable)
estimator, whereby we instrument recreational with cinema, pay_tv, sport_events and e_book and
cloud with cinema, photo_camera and e_book (see Table 1 for a description of the variables). The
idea is that the probability of individuals using recreational contents on the Internet is higher for
those who participate in the consumption of premium contents outside (movies, sport events) or
inside (pay_tv) the home as well as for those who need to download and share files (photos,
videos, e-books). Analogously, using Internet cloud services is more likely when the respondent
wants to store video, image and document files so that they are accessible anytime, anywhere
and by any device with cloud capabilities.

We run the F-test suggested by Staiger and Stock (1997) to verify the strength of the instrumental
variables. In our case the F-statistic equals 183.47 and 146.27 for cloud and recreational, respectively,
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Table 1. Data and variables definitions.

Dependent variables
broadband The household has adopted a fixed broadband Internet connection (DSL, ADSL, VDSL, fibre optics). 1 = Yes.
freq_internet_use Respondent’s frequency of Internet use. 1 = high (at least once a week in the last 12 months). Reference

group: less than once a week or never in the last 12 months.
Sociodemographic variables
gender Gender of the respondent. 1 = male.
age35_44 Age of the respondent. 1 = age between 35 and 44. Reference group: 18–34.
age45_54 Age of the respondent. 1 = age between 45 and 54.
age55_64 Age of the respondent. 1 = age between 55 and 64.
age64_ Age of the respondent. 1 = age > 64.
sit_econ_good Availability of economic resources for the needs of the family. 1 = Excellent or adequate. Reference group:

scarce or totally inadequate.
rented_house Rented house. 1 = Yes.
rural Rural housing. 1 = Yes.
bachelor_degree Education level of the respondent. 1 = University degree or postgraduate education.
bachelor Whether there is at least a graduated member in the household. 1 = Yes.
child Presence in the house of at least one child aged below 18. 1 = Yes.
work_role1 Professional position: 1 = entrepreneur; executive or self-employed professional. Reference group: member

of a cooperative; occasional worker.
work_role2 Professional position: 1 = supervisor; employee.
work_role3 Professional position: 1 = chief labourer; labourer apprentice; homeworker on behalf of firms.
munic_high Municipalities with more than 10,000 inhabitants. Reference group: municipalities with less than 10,000

inhabitants.
area_met Metropolitan area.
area_center Central Italy. Reference group: Northern Italy.
area_south Southern Italy and Islands.
Individual ICT skills and usage
computer_literacy Whether the respondent is able to: modify or verify configuration parameters; install a new operative

system; connect and install peripherals; transfer files among computers and/or other devices.
pc_use Use of a personal computer over the last 12 months. 1 = Yes. Reference group: more than one year ago or

never.
internet_use_home Frequency of Internet use at home: 1 = at least once a week.
Household endowment and ways to access the Internet
pay_tv Subscription to a pay-TV in the household. 1 = Yes.
npc There is at least one personal computer in the household. 1 = Yes.
mobile_device The household accesses the Internet through mobile devices (smartphones; tablets; iPods; et cetera). 1 =

Yes.
desktop_computer The household accesses the Internet through a desktop computer. 1 = Yes.
notebook The household accesses the Internet through a notebook. 1 = Yes.
smart-tv The household accesses the Internet through a smart TV. 1 = Yes.
gaming console The household accesses the Internet through a games console. 1 = Yes.
Other connections availability
mobilebb Other accesses to the Internet available at home: smartphone with a mobile connection (at least 3G). 1 = Yes.
donglebb Other accesses to the Internet available at home: USB dongle with a mobile connection (at least 3G). 1 = Yes.
mobilebb_out Access to the Internet outside the home and the working place: mobile connection through a smartphone. 1

= Yes.
donglebb_out Access to the Internet outside the home and the working place: 3G or 4G USB dongle. 1 = Yes.
Internet uses
recreational The respondent has been using the Internet over the last 3 months for at least one of the following activities

(1 = Yes.):
. downloading images, music, movies, e-books;
. downloading or playing games online;
. watching movies, videos and/or TV programmes in streaming.

relational The respondent has been using the Internet over the last 3 months for at least one of the following activities
(1 = Yes.):

. instant messaging, making calls or video calls;

. chatting and/or participating to forums and blogs online;

. use the social networks.
information The respondent has been using the Internet over the last 3 months for at least one of the following activities

(1 = Yes.):
. browsing news and information web pages (e.g. Wikipedia);
. gather information on products and/or services (including purchasing them);
. attending online classes;
. online banking.
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well above the suggested threshold of 10. Thus, we can conclude that our instrumental variables are
not weak.6

Finally, to have an additional robustness control of the instruments, we follow three steps. (1) We
estimate the selection equation and calculate the Mills ratio. (2) We estimate a three-equation probit
model through the simulated maximum likelihood (SML) method.7 In particular we estimate: (i) the
observation equation, including the Mills ratios8 among the regressors and (ii) an equation for
each endogenous variable (cloud and recreational) with respect to the identified instruments.
In the last step, we perform the endogeneity tests that are returned by the calculation of
atanh r = 1

2ln(1+ r)/(1− r) for each endogenous variable, where r is the correlation between the
error terms of each equation. In particular, if we do not reject the null hypothesis, we can conclude
that there is an absence of endogeneity and that the instruments used are strong. In our case the
atanhr values associated with the two endogenous variables are not significant, −0.0424 (p = .168)
and −0.0156 (p = .249) for cloud and recreational, respectively, so we can be sure of the goodness
of the instruments.9

3.2. The data

The analysis is based on data gathered from the latest sample of the annual survey ‘Aspects of Daily
Life’ referring to the year 2014, conducted by the Italian National Institute of Statistics. It is a multi-
purpose survey of 18,864 household and 44,984 individuals aimed at collecting fundamental infor-
mation on their habits and the problems that they face in everyday life. Several dimensions are
considered, such as the degree of satisfaction with the living conditions, the economic situation,
the evaluation of the environment and of the available public utility services, education, lifestyle,
the use of the Internet, the endowment of ICT equipment and the participation in cultural and
social activities, that is, all the features that affect the perceived and the actual quality of life.

As our goal is to investigate the factors that drive people to adopt a fixed broadband connection at
home, we restrict the analysis to adult individuals (aged 18 or over), albeit controlling for the presence
of children in the household, as the choice to subscribe to a fixed broadband service requires in
general greater awareness and greater economic autonomy (the fixed broadband adoption and
the equipment necessary to make the use of the Internet possible involve a purchase choice and
costs that a minor could hardly take on).

Tables 1 and 2, respectively, report the definition and the descriptive statistics of the variables
used in the econometric analysis. As for the observation equation, the dichotomous dependent vari-
able (broadband) receives a value of 1 when the respondent has a fixed broadband Internet connec-
tion at home and 0 otherwise; about 51% of the respondents report that a fixed broadband is
available in their household. Regarding the selection equation, the dichotomous dependent variable
(freq_internet_use) receives a value of 1 when the respondent has used the Internet at least once a
week in the last 12 months (about 55%) and 0 otherwise. Our explanatory variables include controls
for the socio-demographic and geographic characteristics of the respondents (gender, age, education
level, economic situation, the presence of children and of graduates in the household, being in a
rented house and geographic area), ICT skills, the frequency of personal computer and Internet
usage, the availability of mobile broadband connections at home and outside, the endowment in

cloud The respondent has been using the Internet over the last 3 months for cloud services (Internet storage space
and/or file-sharing services). 1 = Yes.

Other variables (Instrumental variables)
cinema Cinema attendance over the last 12 months. 1 = At least once every two months.
pay_tv See above.
sport_events Sport events attendance over the last 12 months. 1 = At least once every two months.
e_book The respondent owns an e-book reader. 1 = Yes.
photo_camera The respondent owns a digital camera. 1 = Yes.
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terms of Internet-connected devices available in the household and the possible uses of the Internet
access.

Table 2 shows that males constitute about 48% of the sample; more than 27% of the respondents
are over 64; 12.8% of the respondents have a bachelor’s degree, and such a percentage rises to 22.4%
when the presence of a graduate in the household is considered; and almost 22% of the respondents
have at least one child aged below 18 in their household. In addition, 15% of the respondents live in a
rented house and 40% have a blue-collar job, while 54% of individuals report having an adequate
economic situation. Finally, 40% of the respondents live in Southern Italy and about 20% live in a
metropolis.

Table 2. Descriptive statistics.

Variables Obs Mean SD Min. Max.

Dependent variables
broadband 37,426 0.5095 0.4999 0 1
freq_internet_use 37,426 0.5511 0.4999 0 1
Sociodemographic variables
gender 37,426 0.4780 0.4995 0 1
age35_44 37,426 0.1736 0.3787 0 1
age45_54 37,426 0.1902 0.3924 0 1
age55_64 37,426 0.1583 0.3650 0 1
age64_ 37,426 0.2742 0.4461 0 1
sit_econ_good 37,192 0.5382 0.4985 0 1
rented_house 37,228 0.1492 0.3563 0 1
rural 36,908 0.0391 0.1938 0 1
bachelor_degree 37,426 0.1277 0.3338 0 1
bachelor 37,426 0.2236 0.4166 0 1
child 37,426 0.2187 0.4134 0 1
work_role1 29,805 0.0867 0.2814 0 1
work_role2 29,805 0.3216 0.4671 0 1
work_role3 29,805 0.4034 0.4906 0 1
munic_high 37,426 0.4501 0.4975 0 1
area_met 37,426 0.1972 0.3979 0 1
area_center 37,426 0.1759 0.3808 0 1
area_south 37,426 0.3987 0.4896 0 1
Individual ICT skills and usage
computer_literacy 37,426 0.0963 0.2950 0 1
pc_use 37,426 0.5396 0.4984 0 1
internet_use_home 37,426 0.4597 0.4984 0 1
Household endowment and ways to access the Internet
pay_tv 37,187 0.2148 0.4107 0 1
npc 37,426 0.6843 0.4648 0 1
mobile_device 37,426 0.3247 0.4683 0 1
desktop_computer 37,426 0.3332 0.4714 0 1
notebook 37,426 0.4503 0.4975 0 1
smart-tv 37,426 0.0226 0.1486 0 1
gaming console 37,426 0.0289 0.1675 0 1
Other connections availability
mobilebb 37,426 0.1917 0.3937 0 1
donglebb 37,426 0.1460 0.3531 0 1
mobilebb_out 37,426 0.1567 0.3635 0 1
donglebb_out 37,426 0.0730 0.2602 0 1
Individual Internet uses
recreational 37,426 0.3192 0.4662 0 1
relational 37,426 0.4905 0.4999 0 1
information 37,426 0.4775 0.4995 0 1
cloud 37,426 0.5209 0.4996 0 1
Other variables (instrumental variables)
cinema 36,607 0.0729 0.2600 0 1
sport_events 36,532 0.0497 0.2173 0 1
e_book 37,426 0.0715 0.2576 0 1
photo_camera 37,426 0.5580 0.4966 0 1
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Regarding the individual ICT skills, the endowment of Internet-connected devices and the avail-
ability of alternative mobile broadband connections within and outside the home, nearly 10% of
the respondents are computer literate and 46% use the Internet at home at least once a week. Fur-
thermore, 68% of the individuals interviewed have at least one personal computer at home and 21%
live in a household with a subscription to a pay TV. In addition, 33% (45%) access the Internet at home
using desktop computers (notebooks), mobile devices (32%), smart TVs (2%) and games consoles
(3%). Finally, as regards the availability of other broadband connections at home, about 20% of
the respondents connect to the Internet through smartphones with a mobile broadband connection
and only 7% rely on USB dongles with a mobile broadband connection.

Interestingly, among the individual Internet uses, about 32% of the respondents use the Internet for
recreational services, 49% for relational reasons, 47% for information retrieval and 52% for cloud ser-
vices. Finally, with regard to the variables used to instrument cloud and recreational, we observe that
7% (5%) of the respondents go to the cinema (sport events) at least once every two months and have
an e-book reader. In addition, 56% of the respondents own a digital camera.

4. Econometric results

Table 3 illustrates the results achieved through the Heckman probit model. The results of the selec-
tion equation (Equation (1)) are shown in column 2 of Table 3. We report the marginal effects, useful
for a more immediate interpretation and comparison of the estimated coefficients. Consistently with
previous literature, we find that the probability of frequently using the Internet is 5% higher for men;
moreover, this probability decreases among older respondents. Labourers have a lower probability
(−5.2%) of being heavy users of the Internet than other categories of workers. In addition, differences
emerge with respect to the macro-area of residence. In particular, respondents living in Southern Italy
are less likely to use frequently the Internet (−9.7% compared to those in Northern Italy). Moreover, in
metropolitan areas and in municipalities with more than 10,000 inhabitants, the probability of using
frequently the Internet is 4% and 2.2% higher, respectively. Furthermore, having a bachelor degree
and a good economic situation favours the use of the Internet (the probability increases respectively
by 11% and 4.5%). On the contrary, people living in rural housing are less likely to use the Internet
(−9.5%). Finally, respondents who use a personal computer have a probability of using frequently
the Internet that is 7.5% higher than those who do not.

Column 3 of Table 3 shows the results of the observation equation (Equation (2)).
In order to properly interpret these results, it must be recalled that a Heckman correction approach

has been adopted, and first and second stage regressions allow a more refined understanding of the
role played by the socio-demographic variables in explaining Internet and residential broadband
adoption.

In fact, it is apparently surprising that the probability of having a fixed broadband Internet connec-
tion be higher for older people: people aged over 64 have a higher probability of having a fixed
broadband Internet connection (about 6.9%) than the reference group (aged 18–34). Actually,
through the first step of the Heckman procedure, we implicitly control for the fact that they are
high-frequency Internet users. In other words, it is perfectly reasonable that high-frequency Internet
users aged over 64 are more likely to adopt fixed broadband at home, as it is, for instance, a simpler
solution than a tethering or dongle set-up (not to mention the need to manage the risk of exceeding
the data traffic limits), with which younger users are certainly more familiar. Similarly, the commonly
detected positive relationship between income and broadband subscription should be reconsidered,
as our results suggest. The common explanation provided in the literature, in fact, is typically based
on the argument that complementary, costly equipment (a personal computer, a notebook or more
generally an Internet-capable device) is needed for a connection to be exploited. Actually, the avail-
ability of such equipment is all but broadband-specific, as it is necessary to anyone who wants to
access the Internet (independently of the type of connection used). In fact, we find that economic
conditions are relevant to Internet adoption while not statistically significant for fixed broadband.
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Table 3. Regression result of Interne use (selection equation) and fixed broadband adoption (observation equation).

Dep. var.: freq_internet_use Dep. var.: broadband
Variables Selection equation marginal effects Observation equation marginal effects

Sociodemographic variables
gender 0.0499***

(0.0175)
−0.0110
(0.0146)

age35_44 −0.140***
(0.0241)

−0.0197
(0.0241)

age45_54 −0.237***
(0.0182)

0.0387
(0.0283)

age55_64 −0.321***
(0.0243)

0.0615
(0.0404)

age64_ −0.528***
(0.0129)

0.0691**
(0.0269)

sit_econ_good 0.0449***
(0.00921)

−0.0119
(0.0102)

rural −0.0953***
(0.00618)

0.000140
(0.0241)

munic_high 0.0219***
(0.00484)

0.0734***
(0.00873)

area_met 0.0400**
(0.0157)

0.126***
(0.00519)

rented_house −0.0504***
(0.00596)

bachelor 0.0461***
(0.0174)

child 0.0442***
(0.0106)

Individual ICT skills and usage
computer_literacy 0.309***

(0.0224)
0.0539***
(0.00784)

internet_use_home 0.183***
(0.00544)

Household endowment and ways to access the Internet
pay_tv 0.0383***

(0.0118)
npc 0.380***

(0.0117)
mobile_device 0.181***

(0.00858)
desktop_computer 0.517***

(0.0148)
notebook 0.500***

(0.0118)
smart-tv 0.0987***

(0.0210)
gaming console 0.197***

(0.0555)
Other connections available
mobilebb −0.408***

(0.0137)
donglebb −0.692***

(0.00836)
mobilebb_out 0.0186

(0.0215)
dongle_out −0.0364

(0.0224)
Internet uses
cloud (instrumented) 0.0789***

(0.0280)
recreational (instrumented) 0.0821***

(0.0307)
relational −0.0432***

(0.0107)
information

(Continued )
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Concerning this, another possible explanation is based on a wider interpretation. The socio-demo-
graphic structure of the population is such as to determine a relatively low level of high-frequency
Internet users among the less young people, who are those that more likely adopt fixed broadband.
Considering that in Italy the average revenues per user (ARPU) for fixed broadband services is about
20 Euros/month, while the ARPU for mobile services is about 12 Euros/month (as of 2014; Ufficio Studi
Mediobanca 2015), it seems that fixed broadband adopters have a relatively higher willingness to
pay, thus a propensity to allocate a higher share of their budget to the adoption of fixed broadband.

People living in more populated cities (municipalities with more than 10,000 inhabitants) and in
metropolitan areas are more likely to adopt fixed broadband (+7.3% and + 12.6%, respectively). Even
this result is in line with the previous literature: broadband supply in bigger municipalities’ areas is
typically characterized by a higher number of competing operators, that is, higher-quality and
more differentiated connection services are available to potential adopters. Living in a rural
housing, instead, does not show any statistically significant effect on the probability of adopting
fixed broadband: presumably, even if the quality and the differentiation levels of the connections
are lower than for urban areas, they are not so low as to induce individuals not to adopt broadband.
In addition, having children or a graduate in the household increases this probability (by around
4.5%), in which case the adoption of a broadband connection is related to schooling and studying
needs. On the contrary, living in a rented house reduces this probability by 5%: a tenant might be
reluctant to bear activation and installation costs (which are specific to that dwelling), or to subscribe
18/24-month minimum term agreements with the broadband operator. As for the variables related to
individual ICT skills and usage, the probability of adopting a fixed broadband connection increases
when the respondent is used to access the Internet from home at least once a week (+18.3%) and
when the respondent has computer skills (+5.4%).

Table 3. Continued.

Dep. var.: freq_internet_use Dep. var.: broadband
Variables Selection equation marginal effects Observation equation marginal effects

0.0261**
(0.0117)

Other socio-demographic variables (selection equation)
bachelor_degree 0.109***

(0.0144)
work_role1 0.122***

(0.0184)
work_role2 0.0988***

(0.0125)
work_role3 −0.0518***

(0.00825)
area_south −0.0972***

(0.00934)
area_center −0.0129

(0.0148)
Other individual ICT skills and usage (selection equation)
pc_use 0.747***

(0.0281)
Tests:
H0: ρ = 0

(Wald test)
6.97***
(0.0083)

F-test (cloud)
F-test (recreational)

183.47***
146.27***

Atanhρ (cloud) −0.0424
Atanhρ (recreational) −0.0156
Observations 29,022 29,022

Note: Standard errors in parentheses.
*p < .1.
**p < .05.
***p < .01.
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Regarding the household endowment and ways to access the Internet, the results show that all the
devices with an Internet connection capability play a role, though with different magnitudes. As is
widely acknowledged in the previous literature, we provide evidence that the availability of one or
more personal computer (desktop and notebook) is an extremely relevant driver of fixed broadband
adoption. Accessing the Internet from home through a desktop (notebook) increases the probability
of having a fixed broadband connection by 51.7% (50%). The presence of more than one personal
computer in the household also plays a positive role (+38%). In addition, our analysis is the first to
demonstrate that other Internet-capable devices also have a positive impact on the probability of
subscribing to a fixed broadband service: the role of smartphones and tablets (+18.1%), gaming con-
soles (+19.7%) and even smart TVs (+9.9%) appears to be far from negligible

As concerns the availability of other mobile broadband connections at home, both smartphones and
USB dongles with a 3G or 4G connection reduce the likelihood of having a fixed broadband connec-
tion by 40.8% and by 69.2%, respectively, implying that fixed broadband and mobile broadband are
substitutes. No statistically significant relationship emerges between residential fixed broadband and
outdoor mobile broadband use.

Finally, regarding the individual Internet uses, we show that a higher probability of subscribing to a
fixed broadband service is associated with individuals who use the Internet to access cloud services
(+7.9%) and for recreational purposes (+8.2%; and, to a lesser extent, informational uses, +2.6%). The
straightest interpretation of this evidence is that activities such as video sharing, streaming and
downloading are particularly data intense and are best enabled by fast, flat and stable connections,
such as fixed ones. The importance of video contents is also underlined by the fact (in line with Roy-
croft 2013) that pay TV10 subscribers, namely those who have a preference for premium contents, are
more likely to adopt fixed broadband (+3.7%). On the contrary, those who use the Internet for rela-
tional purposes (basically, social networking) are less likely to adopt fixed broadband (−4.3%). A poss-
ible interpretation is that social network users prefer to access their accounts through the apps on
their smartphones and tablets, that is, devices with embedded 3G or 4Gmobile connectivity (typically
smartphones, less frequently tablets), benefiting from their always-on feature (the by-product of
which is the always-enabled push notification feature; see Kawsar and Bernheim Brush 2013) and
their friendlier (and without ads) user interface (Aburai, Ishii, and Takeyasu 2013).

5. Concluding comments and policy implications

The set of evidence presented in our paper enables us to derive some policy implications for narrow-
ing the broadband demand gap, and provides relevant insights for future research.

First, smart homes and more generally the Internet of Things may be relevant driving forces for
narrowing the fixed broadband demand gap in the near future. These ecosystems are in fact
based on devices that are capable of accessing the Internet (e.g. refrigerators, driers, thermostats
and alarm systems) but that have limited (or no) storage and processing capabilities. This implies
that their potentialities can be exploited fully only in combination with cloud services, which
provide data processing and storage via an Internet connection (Linthicum 2016; Park and Kim
2014). According to our results, both Internet-capable devices and cloud services are positively
related to fixed broadband adoption. Hence, apart from the still-relevant need to address the security
and privacy threats of such environments,11 policy measures could be designed to facilitate the diffu-
sion of such innovations in homes: for instance, tax incentives for the adoption of Internet-capable
devices that improve the energy efficiency and environmental sustainability of houses could be effec-
tive. On the other hand, further research is needed to assess whether and the extent to which poten-
tial users would be willing to pay for cloud services (most cloud users have basic accounts, which are
free and include a limited amount of storage space), as a stand-alone service provided by specialized
operators or even as a service included in the ISP’s bundled offers.

The second area for reflection is the strict relationship between contents, in particular video con-
tents, and fixed broadband adoption. Amongst electronic communications and content providers,
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there is full awareness that the worlds of distribution and contents are converging, and AT&T’s acqui-
sition of Time Warner is the latest, striking example.

In this context there are two main issues to be dealt with: the access to contents by Internet-based
operators and the possible anti-competitive consequences of stricter vertical relationships between
contents and broadband providers.

The criticalities that limit the availability of contents (premium contents in particular) for Internet
distribution are relevant and should be addressed properly. The most significant concerns relate to
the exclusivity and holdback clauses (an additional, temporal dimension of exclusivity, through which
so-called release windows are enforced) between content providers and distributors, which exclude or
limit the distribution of contents over platforms other than those used by the purchaser (typically
DTH or DTT operators). For instance, sometimes the rights to distribute films on the Internet platform
are not available at all, because of the exclusivity agreements of broadcasters; at other times the
rights to exploit contents in the video-on-demand modality are sold only for distribution in less valu-
able time windows. In other circumstances the rights to distribute contents over the Internet are con-
sidered subsidiary, ancillary to those for traditional distribution platforms, and such a situation does
not encourage the participation of Internet-based audio-visual service providers (for instance, in Italy
the rights to distribute ‘Serie A’ soccer matches are sold combining exclusivity over multiple
platforms).

As a result, in the light of such vertical criticalities, and because of the convergence among the
different forms of communication, many vertical relationships (agreements or even structural links)
have been established between traditional and Internet-based audio-visual operators.12 Cases in
which the telco operators include in their bundled offers (quadruple plays) the fruition of audio-
visual contents from partnership agreements or vertical integration operations are becoming more
and more frequent. However, vertical agreements/integration may threaten the competition
among content providers, as several possible foreclosing behaviours (exclusivity, refuse to deal,
price squeeze and even sabotage) could be put in place by integrated operators. Even if bundled
offers might be beneficial to consumers in terms of lower prices and transaction costs, at the
same time they hinder the switching from one operator to another for any of the services in the
bundle.

Lastly, in the overall picture, the already-crucial role of net neutrality in avoiding anti-competitive
behaviours even appears to be strengthened. Fixed broadband providers should not be allowed to
apply arbitrary restrictions to the levels of their connectivity services on the basis of the contents
delivered or of the connected devices (which is fundamental to the development of smart homes
and of the Internet of Things).

Notes

1. The I-Com Broadband Index (IBI) concerning the demand side includes variables such as the household broad-
band penetration, the share of individuals’ use of the Internet every day, the share of fibre optic connections,
the frequency of use of some Internet services and mobile broadband penetration. The supply-side IBI includes
household broadband and ultra-broadband coverage as well as mobile broadband availability.

2. SVoD is subscription video on demand, through which access to a contents catalogue is allowed on payment of a
monthly subscription. It is the business model adopted for instance by Netflix, SkyGo and so on. TVoD is transac-
tional VoD: contents are accessed on a pay-per-view basis. As for AVoD, ‘A’ stands for ‘advertising’: users’ access is
free and the revenues for the operator are generated through advertising (e.g. You-Tube).

3. In Italy the typical monthly amount of GB included in voice+Internet bundles is below 5. Offers for tablets and
dongles (which usually do not include the voice service) can reach 20 GB.

4. For instance, 60 minutes of a full HD video (or, equivalently, 30 minutes in the case of a 4k stream) require more
than 10 GB.

5. The two equations are simultaneously estimated by the HECKPROBIT command in STATA 14.
6. For reasons of space, we do not show the estimates’ results, which are available on request from the authors.
7. The estimation is carried out using the MVPROBIT command in STATA 14 (Cappellari and Jenkins 2003).
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8. Heckman (1979) proposes a two-stage estimation procedure using the inverse Mills ratio to take account of the
selection bias.

9. Available on request from the authors.
10. In Italy pay TV operators rely on direct to home (DTH, or DBS, direct broadcast satellite) and digital terrestrial tele-

vision (DTT) platforms, since, as already clarified, no cable TV infrastructure has ever been deployed.
11. It is beyond the scope of the present article to enter into technical details. Suffice it to say that security threats

related to the Internet of Things are among the most-discussed questions in both scientific (O’Neill 2014; Sicari
et al. 2015; Weber 2010; Yan, Zhang, and Vasilakos 2014) and business (Evans 2011; Network Security 2015) com-
munities. Even the fixation of standards and protocols is a key element. As reported by Ehrenhard, Kijl, and Nieu-
wenhuis (2014, 307), smart home services ‘depend in various degrees on a complex constellation of both
technologies and stakeholders […]. Interoperability and compatibility of devices and systems are important as
devices and systems are usually not provided by the same firm.’

12. While in most countries the presence of vertically integrated operators can be observed, in Italy the combined
offers that are available to customers are almost entirely based on commercial agreements (co-marketing),
without any technical and operational integration.
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