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RESUMO

Este artigo centra-se na avaliagdo da divisdo digital relacionada com a idade, considerando dados
desagregados para cada geracdo (a cada 20 anos) de cada pais. Os nossos resultados sugerem que a
geracdo desempenhaum papel fundamental para diferenciar desigualdades no uso de Internet e das
redes sociais, embora n3o seja diferenciadora para distinguir o uso de e-Services. Os resultados
revelam que os Paises Baixos e Luxemburgo tém a menor divisdo digital doméstica. Em oposicao,
Crodacia e Chipre apresentam as maiores disparidades digitais, particularmente os Baby Boomers (55-
74 anos) e Geragdo Y (16-34 anos). Considerando todas as geracdes, os lideres digitais sdo a Suécia,
Paises Baixos, Reino Unido e Luxemburgo. Os paises europeus mais atrasados sdao Roménia e
Bulgdria. Entre geragGes, os Baby Boomers estdo distantes da Geragdao Y na adopgdo das TIC,
enquanto a Geracdo X (35-54 anos) desempenha um papel relevante para interligar geragdes. Os
resultados apontam para a presenca de divisdo digital internacional e doméstica relacionada com a
idade na Unido Europeia.

PALAVRAS-CHAVE

Divisao Digital; Idade; Desenvolvimento Digital; TIC; Agenda Digital; Unido Europeia



ABSTRACT

This paper focuses on measuring the age-related digital divide, i.e., the digital gap between
countries, considering data disaggregated for the generation (every 20years) of their population. Our
findings suggestthat generation plays akeyrole to differentiate inequalities in Social Networks and
Internetuse, although itis nota clearfeature to distinguish the use of e-Services. The results reveal
that the Netherlands and Luxemburg have the lowest domestic digital divide. In opposition, Croatia
and Cyprus present the highest digital disparities, particularly the Baby Boomers (55-74 years) and
Generation Y (16-34 years). Considering all generations, the digital leaders are Sweden, the
Netherlands, the United Kingdom and Luxemburg. The lagged European countries are Romania and
Bulgaria. Among generations, Baby Boomers are far from Generation Y in ICT adoption, while
Generation X (35-54 years) playsanimportantrole in bridging both generations. Results point to the
presence of an age-related digital divide across the European Union.

KEYWORDS

Digital Divide; Age-Related Digital Divide; Digital Development; ICT; Digital Agenda; European
Union
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1. INTRODUCTION

At the World Summit on Information Society (WSIS), sponsored by the United Nations (UN), it was
declared thateveryone should “create, access, utilize and share information and knowledge, enabling
individuals, communities and peoples to achieve their full potential in promoting their sustainable
development and improving their quality of life” (WSIS, 2003). In this sense, Information and
Communication Technologies (ICT) can be an enablerto bring benefits in almost every aspect of our
dailylife, including economicgrowth, competitiveness, and welfare (European Commission, 2014a).
However, the accomplishment of ICT’s full benefits is threatened by the existence of disparitiesin
the rates of adoption and use of these technologies —the so-called digital divide. These divides exist
both between and within countries among the different socio-economic groups of the population,
and are known as international and domestic digital divides, respectively.

Measuring the digital divide has become a major issue in the literature and for policy makers;
however, the two dimensions, international and domestic, have usually been analyzed separately.
That is, countries have sought to assess their situation in ICT by comparing their general rates of
adoptiontoothercountries without takinginto accountthe internal disparities that may exist within
a country’s population (Chinn & Fairlie, 2007; Kraemer, Ganley, & Dewan, 2005). As just one
example, the Eurostat reports that the percentage of individuals using e-banking services was
roughly the same in Germany, Austria, and Ireland —some 48%. This would lead us to believe that
there is no digital divide between these countries in terms of the take up of e-banking services.
However, when these general rates of use are looked at according to different age groups, disparities
begin to appear. 64% of those from 16 to 34 years old living in Austria use e-banking, whereas only
56% of those living in Ireland do so; 31% of individuals between 35 and 54 years old living in
Germany use these services, compared with some 24% in Austria. There are many other examples of
domestic digital divides. In fact, a recent World Bank report (2016) concludes that these types of
divides “can beas high as that between countries”. Hence, the standard measurement of the digital
gaps across countries based on national (aggregated) figures may hide internal divides, providing a
partial and inaccurate picture of the real situation. This paper seeks to overcome this limitation and
presents ananalysis that allows assessing the magnitude of the digital gaps across countries, while
taking into account domestic divides.

This paper is focused on age for two reasons: first, it is acknowledged as a critical driver of digital
inequalities between individuals since, generally speaking, older persons are less prone to use ICT in
comparison to younger ones; and, second, because of the particular context of our analysis —the
European Union (EU). Consistentlyin recent decades, most European countries have low birth rates
coupled with an increase in life expectancy, which together are transforming the shape of the age
pyramid, leadingto a higher share of aged population in almost every member state. Hence, in the
European context, digital inequalities are being inflated, with even worse future expectations, by
demographic factors (European Commission, 2015b). This paper therefore seeks to answer the
following research questions:

1. What are the digital divides between European Union countries once we take into account
the age-related divides within them?
2. Which are the countries with the greatest internal digital divides regarding age?



3. How close or far are the generations in terms of ICT use across the member states of the
European Union?

The remainder of this paper is organized as follows: Section 2 presents the relationship within
generation and digital divide; Section three is about variables selection and data collection; the
fourth includes the major findings; and the last section includes the conclusions and limitations of

this research, and future work.



2. THEORETICAL BACKGROUND

2.1.THE CONCEPT OF DIGITAL DIVIDE

Even today there are doubts about who the first person was to use the term “digital divide” and
under what circumstances (Gunkel, 2003), although it is widely understood that the term was
presented inthe mid-1990s by the former Assistant Secretary for Communications and Information
of the United States (US) Department of Commerce, Larry Irving Junior (Dragulanescu, 2002). At that
time, he used the term to distinguish those who had the required equipment to participate in the
global network of information from those who did not. Hence, in the beginning, there was a binary
way to describe digital divide, making a distinction only between “haves” and “have nots” access to
ICT. It was the leading criterion to distinguish ICT inequalities, which nowadays is considered as
“reductive and inaccurate” (Cruz-Jesus, Oliveira, & Bacao, 2012). With the course of time digital
divide evolved toreferalso toinequalitiesin ICT use between those who already have access, which
is referred to as the second-order digital divide (Riggins & Dewan, 2005). Hence, digital divide may
create a loophole forinfo-excluded individuals who are cut off from access to information and they
will be the new illiterates of the XXI century (Unwin & de Bastion, 2009). It is today a belief that as
with universal education, ICT literacy is akey factor for building a cohesive society. Hence, the ability
to use ICT becomes arequiredskill forlivingand working in the information society (Van Deursen &
Van Dijk, 2011; Van Dijk & Hacker, 2003), which triggered a growing interest in this topic among
academics and policy-makers.

One of the most widely accepted definitions today of the digital divide is the one provided by the
Organisation for Economic Co-operation and Development (OECD), which refers to it as “the gap
between individuals, households, businesses and geographic areas at different socio-economic levels
with regard both to their opportunities to access information and communication technolog ies (ICTs)
and to their use of the Internet for a wide variety of activities” (OECD, 2001). Accordingly, the digital
divide can existatindividual, organizational, and global levels. At the individual level, the focus is on
how ICT adoption affects individuals or households. From an organizational perspective, it pertains to
ICT adoption by firms and organizations. The digital divide can distinguish the most advantaged
technological firms (that use ICT to obtain a competitive advantage over the market) from backward
firms (Forman, 2005; Riggins & Dewan, 2005). At the global level, it is defined by the differences in
ICT adoption between countries, with usual focus on measures that can be taken by policy-makers
to promote ICT adoption at individual and organizational levels (Riggins & Dewan, 2005).

In the EU context, research concludes that a digital divide still exists, despite all the political and
financial efforts to narrow it in recent years (Billén, Ezcurra, & Lera-Lopez, 2008; Cuervo &
Menéndez, 2006). Eveninrecentstudies, itis concludedthat the eastern European countries, which
are the newest European member-states, are behind in digital development, especially Bulgaria and
Romania (Cruz-Jesus et al., 2012). Among other reasons, an explanation for this may reside in the
fact that these countries have started to receive resources from the European Commission (EC) later
their counterparts. Additionally, the countries with greater economic development differentiate
themselves from others as the gap of the digital divide is correlated with economic asymmetries
(Billon et al., 2008; Vicente & Lépez, 2011). It reflects inequalities across European countries and
simultaneously it is worrying because digital divide works as a constraint to social inclusion and
avoids fostering a strong and creative economy. Moreover, most of the studies dedicated to this
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subject do not analyze domestic digital divides among EU countries, which makes it impossible to
obtaina full “picture” of ICT-related inequalities. In fact, a society in which digital divide exists can
hardly be competitive, and most likely will be unable to sustain economicdevelopment (Park, Choi, &
Hong, 2015).

The literature reports several efforts to measure the digital divide across countries. However, these
efforts have mostlyignored the fact that there mightalso be domestic digital inequalities related to
socio-economic factors. In addition, the majority of researchers argue that income, age, and
education are the main factors behind the digital divide (Hsieh, Rai, & Keil, 2008; Venkatesh, Thong,
& Xu, 2012). Age is even more important in Europe in light of its ageing population, which is one of
the greatest social and economic challenges of the present century, with the population turning
increasingly “grey” (European Commission, 2015a). Even as early as 2005 an EC survey concluded,
“among 16 to 24 year olds, the proportion of computer or Internet users is three times higher than
among persons aged 55 to 74. Despite increasing levels of ICT usage in all sections of society, the
divide is not being bridged” (European Commission, 2005). Nine years later and checking this
indicator in Digital Agenda’s data, this does not imply that digital disparities have disappeared
between generations. In fact, new divides have appeared associated with the use of services and
applications: people 16 to 24 years old use social networks more than five times more than those
who are aged 55to 74. A convincing trend is that youth adopt and use new ICT features faster than
olderpeople, and, consequently the digital divide associated with emerging technologies becomes
greaterstill. Despiteseveral efforts to measure the digital divide, there are none that consider both
the international (across countries) and domestic (within countries) digital divides simultaneously.

2.2.THE AGE-RELATED DIGITAL DIVIDE

2.2.1. Age as a driver of ICT inequalities

Age, in particular, reveals itself as an essential driver of digital inequalities between individuals
because, generally speaking, older persons are less prone to use ICT in comparison to youth. Thus, in
orderto fully understand the digital divide, considering age-related differences is a matter of critical
importance (Barnard, Bradley, Hodgson, & Lloyd, 2013; Hargittai & Walejko, 2008; Mitzner et al.,
2010).

At the base of the age-related digital divide are the differences between those who were born and
grew up with ICT those who were not born into the digital world, thus establishing two groups of
individuals — “digital natives” and “digital immigrants” (Prensky, 2001). Naturally, this division
remains between people belonging to different generations. Youth are “digital natives” as they are
“native speakers” of the ICT/digital language, essentially because they grew up in close contact with
these technologies, meaning that there was no adaptation period, as there were with individuals
belongingto earlier generations. Hence, most of these individuals, at least in developed countries,
grew up around computersand Internet (at their homes, schools, etc.) having a normal tendency to
use these technologies. As Prensky (2001) argues, “they have spent their entire lives surrounded by
and using computers, videogames, digital music players, video cams, cell phones, and all the other
toys andtools of the digital age” (Prensky, 2001). They have not needed to adapt themselves to ICT,
since itwas part of theirgrowth. In fact, technology has mainly been designed and developed as an
environment foruserswho have grownupin a digital world (Vroman, Arthanat, & Lysack, 2015). The



digital immigrants who, on the other hand, were not born into the digital world have “become
fascinated by and adopted many or most aspects of the new technology are, and always will be
compared to them, Digital Immigrants” and “like allimmigrants, some better than others —to adapt
to their environment, they always retain, to some degree, their "accent,” that is, their foot in the
past” (Prensky, 2001). Hence, as these individuals are necessarily older, they tend to have more
difficulty inadopting and adapting themselves to ICT, because the technology appeared later in their
lives, requiring an adaptation by them. Furthermore, these individuals require more practice to learn
successfully, preferringtolearninthe context of concrete tasks (Hawthorn, 2000). Consequently, it
is harder for them to gain the ability to be proficient in using ICT. Moreover, it is often stated in
literature that older persons, once having learned a way to do the tasks, have more resistance to
abandonit to learn another efficient way (Hawthorn, 2000). Additionally, they may be less likely to
benefit from incidental learning. In opposition, youth prefer discovery-based learning that allows
them to explore and actively test their ideas (Brown, 2000).

Additionally, besides the fact of growing up or not in the digital world, there is another fact
influencing the relationship between age and ICT adoption: the consequences arising from the
natural ageing process, although these tend to affect especially the most elderly. The normal ageing
process almostinevitably tendstolead to physical and cognitive disabilities, which may cause digital
exclusion (Czaja & Lee, 2007; Fozard & Gordon-Salant, 2001). Limitations such as problems with
memory, reduced visual and auditory ability, and restricted mobility issues may difficult ICT adoption.
As some examples of these we have physiological changes that may turn simple ICT-related actions
(e.g., using the computer mouse) into more challenging tasks (Becker, 2005; Carpenter & Buday,
2007; Czaja & Lee, 2007). Unfortunately, those same people who already have some age-related
limitations are those who perhaps could benefitthe most from ICT, helping them to overcome their
daily barriers. The elderly, as a group of individuals who are more likely to live isolated, could benefit
to a greaterextentfrom ICT’s connectivity potential, helping to reduce theircommon seclusion. As a
source of health-related information and medical care, ICT access could also be an important feature
for the elderly. Thus, not having access to these technologies may jeopardize a valuable source in
seeking health-related information (Czaja, Sharit, Nair, & Lee, 2009; Greenwood & Agarwal, 2015;
Heart & Kalderon, 2013; Niehaves & Plattfaut, 2014). Moreover, Internet access clearly has become
an enabler for many useful activities such as e-government, especially for those persons with
reduced mobility (Czaja & Lee, 2007; European Commission, 2014a). The use of ICT for government
purposes can offer a bridge to those who live alone or in remote areas to pay taxes, renew
documents, avoid queues, and many other things (Fang, 2002).

2.2.2. Relevant generations to study the digital divide

In order to clarify how age groups are organized, we consider three groups/generations: youth
(Generation Y); middle-aged (Generation X); and the elderly (Baby Boomers), split every 20 years,
starting with those at the age of 16. Indeed, there is support for considering three groups of people
for analyzing different levels of ICT adoption (Murdock, 2002).

The firstgroup comprises Generation Y (Millennials), those between the ages of 16 and 34 years, first
mentioned by Strauss and Howe. In line with Prensky (2001), they are called the digital natives
although “internet users in their twenties do not dominate every aspect of online life” (Jones & Fox,
2009). In this age group the segment within 18-23 years old in this generation play games online



(Jones & Fox, 2009). In addition, they mostly prefer to use social networking sites, which have
recently gained significant popularity among young adults. However, there is no clear evidence that
age isnegativelycorrelated with intention to use social networking websites (Braun, 2013). They are
willing to do multi-tasking, which consists of doing two or more activities at the same time (Brown,
2000; Prensky, 2001). Nevertheless, there is no suggestion in the literature that multi-tasking is
exclusive to digital natives (Bennett, Maton, & Kervin, 2008).

The nextgeneration of individuals is the group between 35and 54 years old, known as Generation X,
a term coined by Robert Capa in the early 1950s. In this age group most use social networks, e-
banking, online shopping, and e-health applications (Jones & Fox, 2009). We suspect that there is a
greater diversity of users in this group. Evidently, there are those who have acquired expertise in
using ICT and they coexist with who have not. We hypothesize that this is the most heterogeneous
group in terms of ICT adoption, depending on their employment and motivation (Lee & Coughlin,
2015). However, though not always irrefutable, most researchers have emphasized a relationship
between experience of using an ICT and attitudes toward it (Todman & Monaghan, 1995).

The elderly are those people who wereborn in the years soon after World War Il - the group usually
called Baby Boomers. Many of these may think computers are irrelevant to their daily lives, because
they offer no benefits (Selwyn, Gorard, Furlong, & Madden, 2003) and theyfeel a lack of confidence
to use them (Marquié, Jourdan-Boddaert, & Huet, 2002). Baby Boomers use ICT not only for email, as
a tool for information search, and for buying products (Jones & Fox, 2009), but also to search for
health information and use in daily activities (Czaja et al., 2009; Vroman et al., 2015). There is
evidence that the Baby Boomers with higher education or who live with a partner are prone to use
ICT, facilitate social interactivity with family, and enhance involvement in leisure and in their
accomplishment of daily tasks (Boot et al., 2015). Nevertheless, such behavior changes cannot be
appliedyet, due to cultural and societal stages. At this time, the most feasible approachis to identify
the features of ICT that fit individual’s applications to daily life (Vroman et al., 2015).

Last but not least, as a culmination of all earlier points, it is fairly reasonable to assume that the
existing European digital divide (Cruz-Jesus et al., 2012; Cuervo & Menéndez, 2006), may even be
more severe when considering not only the countries (in the aggregate), but also different age
groups; a methodology which, to the best of the authors” knowledge, has never been undertaken. It
should be kept in mind that according to the EC, individuals” age plays a “major role in the digital-
divide” (European Commission, 2005) and one of the main challengesforthe ECin the context of the
Europe 2020°s Digital Agenda, is precisely to “help people find their way in the digital world”
dependingof their intentions (European Commission, 2014a). As discussed, Generation Y and Baby
Boomers have different behaviors and needs of ICT that may be reflected in digital divide. For all the
above-mentioned reasons, we intend to assess the European age-related digital divide, considering
both international and domestic divides.



3. METHODOLOGY

3.1.DATA

In orderto measure the age-related digital divide, we have carefully selected variables that best fit
this issue (see Table 3.1), following the recommendations found in the literature. As the present
research intends to assessthe age-related digital divide, using three different generations to classify
individuals, the variables are established accordingly. A main concern in collecting the data was
choosing a reliable source with harmonized data, enabling reliable comparisons not only within
countries, but also among three generations of Europeans. Such a source is Eurostat, the official
statistics entity of the European Commission. The data collected pertain to the year of 2014 and are
available at country level as well as age level, which is used in the three generations mentioned
earlier.

Code Variable Support
Percentage of individuals frequently using the internet (Cruz-Jesus et al., 2012; European Commission, 2005,
IntFreq
(every day or almost every day) 2014a; Hargittai, 2003; Riggins & Dewan, 2005)
(Cruz-Jesus et al., 2012; European Commission, 2012;
Percentage of individuals using a laptop/tablet to access
Moblint Kyriakidou, Michalakelis, & Sphicopoulos, 2011; Rice &
the internet, away from home or work
Katz, 2003)
Percentage of individuals participating in social networks,
SocNet (Braun, 2013; Lenhart, Purcell, Smith, & Zickuhr, 2010)
over the internet, last 3 months
eBank Percentage of individuals using online banking (Cruz-Jesus et al., 2012; European Commission, 2014a)
Percentage of individuals making an appointment witha (Cotten & Gupta, 2004; Cruz-Jesus et al., 2012; European
eHealth
practitioner via a website Commission, 2014a)
Percentage of individuals submitting completed forms to  (Cruz-Jesuset al., 2012; Helbig, Ramdn Gil-Garcia, & Ferro,
eGov
public authorities, over the internet, last 12 months 2009)
Percentage ofindividuals looking for information about
IntSrc (Lian & Yen, 2014; Sorce, Perotti, & Widrick, 2005)
goods and services online
(Cruz-Jesus et al., 2012; European Commission, 2005,
eCom Percentage of individuals ordering goods or services online

2014a)

Table3.1- Acronyms, descriptions,and literature support of variables for measuring the age-related digital divide

Two of the most basic and popular indicators of ICT adoption are an individual’s level of internet
access and how often he/she usesit (Riggins & Dewan, 2005). Hence, for measuring this we gathered
the percentage of individuals frequently using the internet (IntFreq). Associated and as an extension
of this fact, we have considered the individuals using a laptop/tablet to access the internet away
from home or work (Moblint). Nowadays, there are diverse devices that enable internet access,
which should be considered in this context (Kyriakidou etal., 2011). Not only has the access changed,
but the applications of ICT are evolving (European Commission, 2014a). Perhaps the most prominent
example isthe social networks, which show increasing popularity (Pempek, Yermolayeva, & Calvert,
2009). However, the Baby Boomers are more likely to live isolated and least likely to use social
networks (Vromanetal., 2015). On the other hand, the Generation Y are frequent users (Vroman et
al., 2015). We therefore expect that participation in social networks over the internet in last three
months (SocNet) can be an asset to measure this phenomenon.



Additionally, the Digital Agenda for Europe has attributed exponential importance to emerging ICT
applications associated with increasing citizens’ welfare, such as e-banking, e-health, e-government,
and e-commerce. Hence, we include these variables in our investigation. Moreover, the use of e-
banking is frequent in literature to support analyses about digital divide, was and we therefore
added (eBank) (Cruz-Jesus et al., 2012; European Commission, 2014a). The EC views e-health as a
priority due to Europeanslivinglongerthan ever, and it is critical to keep healthcare affordable and
accessible, soitisindispensable to considerthe variable making an appointment with a practitioner
viaa website (eHealth) (European Commission, 2014a). Another feature addressed by the ECin the
Digital Agenda for Europe is the online interaction between individuals and public authorities
(European Commission, 2014a). Also, research has suggested that customer-orientationis one of the
mostimportant aspectsto attempt to improve the quality of services and that it has the potential to
deliver better services to individuals (Helbig et al., 2009). Hence, we take into consideration the
individuals submitting forms to public authorities over the internet in the last 12 months (eGov).

Once again, the Digital Agenda for Europe is also concerned about improving the European Union’s
rules on the digital single market to make e-commerce easier (European Commission, 2014a). It is
therefore reasonable to consider two other variables: percentage of individuals looking for
information about goods and services online (IntSrc) and percentage of individuals ordering goods or
services online (eCom). The first is related with the intentions of online consumers. In fact, the
Generation Y searches for more information on the internet, but does not buy more than Baby
Boomers (Sorce etal., 2005). Nevertheless, this variable gains specialimportance when investigating
digital divide because in progressively ageing societies, the older persons have time and money to
participate in several e-commerce activities (Lian & Yen, 2014). Even so, the online buying varies by
product category and it is predicted by age-related interests (Sorce et al., 2005). The second variable
exposes the e-commerce and it is often used to assess digital divide (Rensel, Abbas, & Rao, 2006).
According to the latest report of Digital Agenda for Europe, “e-commerce remains insufficiently
developed in the EU” (European Commission, 2014a). In sum, we consider eight variables that best
measure the generationally-related digital divide in the EU. As demonstrated in literature, the digital
divide isa multidimensional issue (OECD, 2001; Riggins & Dewan, 2005; Viard & Economides, 2014),
so a method should be applied that able to exploit it.

3.2.FACTOR ANALYSIS

The technique applied in our investigation is factor analysis. It is a useful procedure for examining
relationships of variables and allows exploring concepts that are not easily measured directly by
collapsing variables into a few interpretable underlying factors (Sharma & Kumar, 2006). For this
analysisto work, variables must have an underlying correlation structure to guarantee useful results.
The factor analysis proceeds in steps: first verify the correlation between variables through
correlation matrix, then corroborate this perception with adequacy of Kaiser—Mayer—Olkin (KMO). In
this stage, we can verify if our convictions on selected variables make sense and select the extraction
method to be applied. Finally, we evaluate the number of factors that should be retained and
understand them. Thus, we reduce the number of variables to their essence and represent them with
a few factors that capture the patterns seen.

The starting pointin our analysisis observing the values of correlation matrix (see Table 3.2). There
are some correlations that must be emphasized, for instance, the 0.94 level of association between



percentage of individuals frequently using the internet every day or almost every day (IntFreq) and
percentage of individuals looking for information about goods and services online (IntSrc). Also
importantisthe correlation of 0.90 between percentages of individuals frequently using the internet
every dayor almost every day (IntFreq) and individuals using a laptop/tablet to access the internet,
away from home or work (Moblnt). However, there remain some variables with lower correlations.
Moreover, the percentage of participants in social networks over the internet in the last three
months (SocNet) with percentage of making an appointment with a practitioner via a website
(eHealth) has a correlation of 0.33. As established, these are essential variables to consider, due to
emerging areas related with ICT. Despite this, keep in mind that variables ideally must have a high
correlationin order to belong to only one factor, as that means that all variables are measuring the
same target. Even so, we remain confident about performing the current analysis. Supporting our
analysis, the KMO indicator, which checks the degrees of inter-correlations between variables, was
0.87. This also shows that it is suitable to apply a factor analysis.

MoblInt  IntSrc IntFreq eBank eHealth SocNet eCom eGov
MoblInt 1 0.87** 0.90** 0.74** 0.49*%*  0.81** 0.92** 0.72**
IntSrc 1 0.94** 0.82** 0.52**  0.80** 0.90** 0.75**
IntFreq 1 0.77** 0.46**  0.91** 0.90** 0.67**
eBank 1 0.65**  0.56** 0.85** 0.83**
eHealth 1 0.33* 0.51%* 0.70**
SocNet 1 0.73** 0.51**
eCom 1 0.75**
eGov 1

Table 3.2 - Correlation Matrix
* -Correlationis significant at the 0.05 level (2-tailed); **-Correlation is significant at the 0.01 level (2-tailed)

The next step is applying the extraction method. Here we do not set the number of factor to hold,
essentially because our intention is retain the number of factors that can provide convincing
interpretations. Nevertheless, we keptin mind the main principles for defining the number of factors
mentioned in literature, such as Person’s, Kaiser’s and Cattell’s scree test criteria (Sharma, 1996).
Person’s criterion calls for retaining the factors that explain at least 80% of total variance. Kaiser
settled onretaining only factors with eigenvalues greater than 1. Unless a factor extracts at least as
much as the equivalent of one original variable, we drop it. Cattell’s criterion established retaining
those factors that are above the elbow plot. Asassumed inthe previous section, the digital divideisa
complexissue thatdepends onseveral indicators, soitis essentialto reduce complexity. Applying all
methods, the results suggest retaining two factors, here explaining 87% of variance. We then
consideruseful rotation factors to match initial variablesin only one factor. Once again, we consider
the best practices mentioned in literature, these are Varimax and Quartimax rotations, and we opted
for the one that produces the greatest explanation of factors’ compositions. Varimax rotation was
preferred, as it leads to better results.

At the end of this process, the retained factors are interpreted based on the most contribution
associated with the original variables. Convincingly, two latent dimensions can explain the digital
divide. As shown in Table 3.3, the first dimension comprises essentially the contribution of the
following variables: participation in social networks (SocNet); frequency of access to the internet
(IntFreq) and the use of handheld devicesto be online, out of home orwork (Moblint); and use of ICT



as way to search information about offers (IntSrc). It expresses the access to the internet and the
most primary tasks while using ICT. Hence, this dimension is named Social Networks and Internet
Use. The second is composed mainly through interaction with public authorities via web platforms
(eGov); contact with a professional by using ICT to obtain medical advice (eHealth); and connection
to electronicbanking (eBank). Notethat the variable goods or services ordered online (eCom) does
not fit neatlyinto either of the dimensions. The second dimension is focused mostly on the purpose
of usingICT. As aresult, peopleare oriented to use a specific feature. In fact, the second dimension
comprisesvariables that express aconcrete activity. Hence, this dimension is labelled as e-Services.

Rotatedfactor model: Varimax

Factorl Factor2

SocNet 0.93
IntFreq 0.85
IntSrc 0.74
Moblnt 0.71
eGov 0.87
eHealth 0.86
eBank 0.82
eCom 0.65 0.68
Variance (%) 46% 41%
Variance Total 42% 87%
Cronbach’sa 0.97 0.88

Table 3.3 - Results of factor analysis

By comparingthe generations, we can easily lookinto the country and gain some insights that could
be hidden in an aggregate analysis. Despite this, the standard in literature is analysis performed at
country level. While a country can be on average well positioned, there might be groups in its
population suffering from digital exclusion. In order to explore this further, we applied a drilldown
analysis across generations, which allow us to discover findings beyond country level research. We
have plotted each generation of each memberstate and compared all countries/generations on the
two dimensions previously extracted (see Figures 3.1, 3.2, 3.3, and 4.1). In order to ease the analysis
and interpretation, we present aseries of plots with the generations’ positions in the two dimensions
identified early (see Figures 3.1-4.1). The first, Social Networks and Internet Use, is plotted on the
horizontal axis; the second, e-Services, is on the vertical. Each of the axes represents the EU-28
average for each of the national generations. Accordingly, the upper-right quadrants include those
that score higher than the average in both dimensions. The lower-left quadrant shows just the
opposite situation, national generations that perform below the mean in both dimensions.

We first plotted the Generation Y of each member state (see Figure 3.1). As we can see, they have
the greatest Social Networks and Internet Use. In fact, they are quite distant from the other
generations and countries taken together. Hence, this alone shows that digital divide among youth is
not mainly about access, but about the inequality of usage. In the current context, the digital divideis
mainly the second order effect. As discussed above, we expect to confirm this condition, due to the
fact that they never needed to adapt to ICT. Generation Y is somewhat behind the aggregate of
generationsin use of e-Services. This dimension results from combining e-government, e-health, and
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e-banking and typically youth have less use for these applications. Germany has the most Social
Networks and Internet Use; Denmark and Finland have not only the most use of e-Services, but are
also the leaders in these two dimensions. Romania and Bulgaria have the worst indicators in both
dimensions. As mentioned above, access is not the main feature for differentiating countries in the
currentgeneration, althoughthere is a gap between some countries, i.e., Romania versus Germany
and Bulgaria versus Denmark.
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Figure 3.1 - Generation Y (individuals aged from 16 to 34) of each member state on two dimensions

Classified as Generation X are the individuals from 35 to 54 years old. We plot them as before (see
Figure 3.2). The EU aggregated in current generation is slightly higher in both dimensions.
Luxembourgand the United Kingdom (UK) are the leadersin Social Networks and Internet Use, while
Finland and Denmark are ahead in using e-Services. Sweden and the Netherlands are positively well
adjusted countries and opposed to this are Romania and Bulgaria.
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Figure 3.2 - Generation X (individuals aged from 35 to 54) of each member state on two dimensions

Lastly, we plotted the Baby Boomers of each member state. As expected, they generally have less
Social Networks and Internet Use in relation to the average of the EUin all generations (see Figure
3.3). Only Luxembourg is above of EU average in Social Networks and Internet Use. Sweden, the
Netherlands, the UK, and Luxembourg are positively well adjusted countries in current generation.
Denmark and Finland are the leadersin e-Services. Note thatthere is a large group of countries with
low e-Services use inrelation to the EU average of current generation. Romania and Bulgaria are the
worst placed in both dimensions.
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Figure 3.3 - Baby Boomers (individuals aged from 55 to 74) of each member state on two dimensions
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4. DISCUSSION OF FINDINGS

Consideringall generations together in the same plot, there is a clear partition between them. We
can easily distinguish the generations along the first dimension (see Figure 4.1). Hence, the gapin the
firstdimension, which separates Generation Y, and Generation X, and Baby Boomers is evident. In a
generational approach, the digitaldivide hasto do with the Social Networks and Internet Use. Thus,
the age-related digital divideis intrinsically associated with the first dimension found. In the second
dimension, there is no evidence that generations are of special importance for digital divide. One
might argue that the divide in this dimension is closer to motivation of individuals or any
socioeconomic issue, making other aspects play the primary role.

There are some countries consistently well ranked, such as Sweden, the Netherlands, the UK, and
Luxemburg. They are the most advantaged countries when compared to the rest of the EU, for every
generation withinitself. Finland and Denmark routinely present the greatest use of e-Services among
generations. Typically, all of these countries have high standards of social-welfare. Additionally, these
countries are the best-placed European countries in the ICT Development Index (ITU, 2014). The
worst ranked countries are Romaniaand Bulgaria, as they have a greaterdistance. Moreover, among
generations Bulgaria has the lowest indicators of advanced use of ICT. A shared characteristicis that
Romaniaand Bulgaria have both been EU members since 2007. Furthermore, there is some evidence
thatinthe literature newer memberstatestend to presentlower digital developments (Cruz-Jesus et
al., 2012), although that does not appear to happen with Croatia —the newest member of the EU.
Hence, more than ever, this issue deserves policies that are based on the reality of each country.
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Figure 4.1 - All generations of each member state on retained factors
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In order to make the interpretation of our results easier, Figures 4.2 and 4.3 shows which
generations for each member state are above or below in comparison to the EU average,
respectively, for the two dimensions of the digital divide found. As expected, the Baby Boomers are
often below the EU average in all countriesin Social Networks and Internet Use (see Figure 4.2). Only
Luxembourg has all individuals above. Austria, Denmark, Estonia, France, Germany, Hungary, Ireland,
Malta, the Netherlands, Slovakia, Sweden, and the UK have only the oldest generation below to EU
global average.

BELOW EU-28 Average ABOVE

Austria
Belgium
Bulgaria

Croatia

Cyprus

Czech Republic
Denmark

Estonia

Finland

France

Germany

Greece
Hungary

Ireland

Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands

Poland

Portugal

Romania
Slovakia
Slovenia

Spain

Sweden

United Kingdom

MBabyBoomers M GenerationX M GenerationY

Figure 4.2 - Proximity of each generation to the EU in Social Networks and Internet Use

In the e-Services dimension, a more dispersed distribution is clear. Only a few member states are
completely abovethe EUaverage, namely: Belgium, Denmark, Finland, France, Netherlands, Spain,
and Sweden (seeFigure 4.3). In contrast, there are groups of countries that have all theirgenerations
below the EU average: Bulgaria, Croatia, Cyprus, Germany, Greece, Hungary, Italy, Latvia, Malta,
Poland, Portugal, Romania, Slovakia, and Slovenia.
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Figure 4.3 - Proximity of each generation to the EU in e-Services

In order to assess the age-related domestic digital divide, we calculated the Euclidean distance
between two dimensions for each country, including all generations to check for internal disparities
(see Figure 4.4). Naturally, given the results presented above, Baby Boomers and Generation Y are
the farthestgenerationsamong EU countries. The middle-aged individuals who belong to Generation
X have an important role bridging between Baby Boomers and Generation Y, since they are so close
to Baby Boomers and Generation Y. As for the results, the highest age-related digital divide
(comparing Generation X with Baby Boomers) are Cyprus and Croatia. Interestingly, Bulgaria and
Romaniado not have the highestdomesticdigital divide, which shows that they are backward in the
EU. Inopposition, the Netherlands and Luxembourg have the lowest overall domestic digital divide
among generations, being at the same time, two of the most digitally developed countries.
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Figure 4.4 - The domestic age-related digital divide through Euclidean distance
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Accordingto our investigation, there are several differences between Baby Boomers and Generation
Y, passing through the Generation X. The two dimensions found allow us to highlight interesting
insights. The individuals who belong to Generation Y are truly digital natives, essentially because they
have the most use of Social Networks and Internet Use as measured in the first dimension, than any
othergeneration. Generation X hasa crucial role to intermediate Baby Boomersand Generation Y, as
they are approximately in the middle in both dimensions. Baby Boomers are the most backward
generation in ICT adoption. In order to correct this, the decision-makers should consider some
policies oriented to the Baby Boomers, such as encourage using and understanding the usefulness of
ICT; decrease the cost of training courses, or subsidize them; design targeted applications, due to the
elderly’s lack of expertise with ICT; provide healthcare assistance remotely, which allows optimizing
the healthcare service, reduce costs and improve the well-being of individuals. It is an embarrassing
situation, since the Baby Boomers generally have more time and money, and at the same time have
great opportunities to improve their well-being through ICT.

The member states with reduced digital divide in EU are Sweden, the Netherlands, the UK, and
Luxemburg. In opposition, the digital laggards compared to the EU aggregate are Romania and
Bulgaria. Some effects of year of membership in EU and the socioeconomic disparities in digital
divide are clearly visible. The European countries are in different stages of development and the EU
should follow policies depending on country/generation.
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5. CONCLUSIONS, LIMITATIONS AND FUTURE WORK

The Digital Agendatarget of 75% of the population regularly using the internet was reached in 2014
(European Commission, 2014b). This does not mean that all European individuals have identical
access and use of ICT. Typically, cross-country analyses are hiding interesting insights that can be
useful for a better perception of the digital divide phenomenon. The current research provides a
drilldown analysis across generations, which allows us to discover findings beyond country level
research.

The digital divide in general, and age-related issues in particular, in the EU are still far from being
resolved. From the outset, we have assumed that the digital divide could be an age related
phenomenon. Ourfindings suggest that generation plays a key role in differentiating inequalities in
the use of Social Networks and Internet Use, although it is not a clear feature to distinguish in e-
Services. Furthermore, we intended to assess domesticand international digital divide and compare
betweenthem. In ourresearch, we found significant generational differences within member states,
indicating that much progress remains to be achieved. The countries with lowest age-related digital
divide are the Netherlands and Luxembourg, while Croatiaand Cyprus present the highest domestic
gap. From a national (overall) perspective, Sweden, the Netherlands, the UK and Luxemburg are
consistently the countries with most Social Networks and Internet Use in the EU. In opposition,
Romania and Bulgaria have the greatest digital divide in the EU.

Despite our best efforts to find patternsin the digital divide, we would like to acknowledge some
limitations. First, our investigation focused on a generational approach, although there are others
aspects like income or education thatinfluence the digital divide as a multidimensional issue. Hence,
we recommend that future studies address these matters. Moreover, despite our efforts to choose
the best suitable variables in the current context, we should be aware that there may be some
aspects that are not well covered due to being constrained in choosing a set of variables. Even with
the Eurostat, the number of variables with data available at the age level is very limited. As future
work, it may be useful to assess the role of government to mitigate the digital divide, specifically to
bridge youth and the elderly.
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