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Abstract The Matthew effect describes a model according to which, over time, inequal-
ities fuel ever-widening gaps among individuals and social groups on the basis of the
wellknown adage: “the rich get richer and the poor get poorer”. In this paper, we analyse
the results of the Matthew effect in Italy in relation to first and second level digital divide,
in order to determine the trajectories of closure, persistence or reinforcement of inequal-
ities within the population. The central research question of the work aims to understand
whether, when compared with a higher level of dissemination of technology over time, the
adoption curves trace a model of progressive inclusion for the “poor” which approach the
“richest”, or whether progressive increases are recorded in gaps. Considering a time span
of more than a decade, microdata from the Istat multipurpose “Aspects of daily life”
survey were used to find an empirically grounded answer to this research question. In terms
of methodology, indices of absolute and relative digital exclusion and marginalisation
which are necessary to take into account the changing nature of the phenomenon were
proposed and used. Techniques of multivariate analysis (cluster analysis and multiple
factor analysis) were also applied to detect any changes in the structure of variables and
trajectories of the socio-demographic characteristics in question. The main results show the
existence of a relative Matthew effect in Italy: despite the general increase in the spread of
technologies, we are witnessing a progressive impoverishment of the weakest sectors of the
population.
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1 The Matthew Effect in the Digital Scenario

The Matthew effect takes its name from a verse in the Gospel of Matthew, which reads:
“For whoever has, to him more shall be given, and he will have an abundance; but whoever
does not have, even what he has shall be taken away from him” (13:12). Used at first to
explain the widespread mechanisms of celebrity within the scientific community (Merton
1968, 1973), the Matthew effect' has subsequently been used in many areas to explain the
mechanisms of reproduction or widening of inequalities over time (DiPrete and Eirich
2006; Rigney 2010).

Many scholars have also highlighted the existence of the Matthew effect in the field of
Information and Communication Technologies (ICTs), with reference to both the gaps in
Internet access (digital divide) and to inequalities in the frequency and autonomy of access,
digital skills possessed and the ways in which Internet users engage (digital inequalities)
(e.g. Bentivegna 2009; Bracciale 2010; De Haan 2004; Harambam et al. 2012; Hargittai
2003; Hargittai and Hsieh 2013; Hunsinger et al. 2010; van Dijk 2009; Zillien and Har-
gittai 2009). Specifically, the digital divide refers to the binary division between infor-
mation ‘haves’ and information ‘have-nots’—those who have and those who do not have
Internet access—whether they are individuals, social groups or countries and geographical
areas (Norris 2001; NTIA 1999). This is the first-level digital divide, which is based on the
single dimension of Internet access. In this case, the Matthew effect predicts that the
persons who already possess more personal resources will be included in the network
society and that the information haves are able to empower themselves through Internet
usage and vice versa.

It is evident that Internet access depends on many factors, such as the subjective attitude
and reasons, the availability of personal devices and a connection with good quality
broadband navigation. However the essentiality of these elements, they do not constitute a
sufficient prerequisite for becoming an information haves (Chen and Wellman 2004;
DiMaggio et al. 2004; Katz and Rice 2002; Ono and Zavodny 2007; Selwyn 2004; van
Deursen and van Dijk 2014; van Dijk 2005).

On the other hand, the second-level digital divide deals with the concept of digital
inequalities and it is focused solely on the differences among information haves: those who
have Internet access (DiMaggio and Hargittai 2001; DiMaggio et al. 2004). According to
the literature (e.g. Bentivegna 2009; Bracciale and Mingo 2009; Bracciale 2010; DiMaggio
and Hargittai 2001; Hargittai and Hsieh 2013; Hargittai 2002; Helsper 2012; Mossberger
et al. 2003; van Deursen et al. 2011; van Dijk 2005; Warschauer 2003), the multidimen-
sional concept of digital divide can be operationalised by taking into account three dif-
ferent aspects of digital inequalities related to Internet users: frequency of Internet use
(access), digital skills (e-skills) and activities (use) carried out on the network. The main
difficulties related to the analysis of digital inequalities from a diachronic perspective
depend on the operationalisation of a “mobile” concept, for which the indicators change
over time, due to the spread of Internet access, the rise of new digital expertise and the
resulting increase in new services and platforms that transform the digital environment.

For the dimension of access, these dynamics of transformation are quite obvious. As
connections become part of everyday life (Bakardjieva 2005; Haddon 2004; Selwyn 2003;
Wellman and Haythornthwaite 2002), people connect more frequently and the parameters
by which users are classified change. Until just a few years ago, it might have made sense

! The “rich to get richer” (Kraut et al. 2002) and “accumulation of advantage (AOA) hypothesis” (De Haan
2004) labels identify models similar to the Matthew effect.
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to consider someone who connected at least once a week as a “regular”? user, but now it is
more appropriate to use the same label to classify daily users, i.e. those who include the
Internet among the media of habitual use.

For the dimension of digital skills it is not possible to identify a shared definition, or a
single operational role to the concept, thus numerous labels are used to define the relation
between digital technologies and “literacy” (Bawden 2008). Changes in the classifications
of digital skills also reflect the evolution of the technology within a digital milieu in
continuous change (Ala-Mutka 2011; Ferrari 2012). Since it is not possible to account for
the complexities and nuances of definitions suggested by different scholars (e.g. Donat
et al. 2009; Gui and Argentin 2011; Helsper and Eynon 2013; Hargittai 2005; Helsper and
Eynon 2013; van Deursen and van Dijk 2010; van Deursen et al. 2012, 2014), in line with
van Dijk we use the label “digital skills” to identify “the collection of skills needed to
operate computers and their networks, to search and select information in them, and to use
them for one’s own purpose” (van Dijk 2005, p. 73). Furthermore, since the use of
nationally representative surveys (e.g. Eurostat harmonised surveys in Europe; ISTAT in
Italy) is the only approach that enables the use of extensive surveys and comparable
diachronic studies on these issues, we are bound to the operationalisation of the dimension
decided by the European Union.*

Digital skills are detected in Eurostat’s harmonised surveys by asking respondents if
they are able to perform some activities related to the use of computers and the Internet
which have changed over time. This approach presents various problems: self-reported
measurements are context dependent and positively biased (Helsper et al. 2015; van
Deursen et al. 2014; van Dijk and van Deursen 2014; van Dijk 2006); self-perception of
skill is gender dependent (Bunz et al. 2007; Hargittai and Shafer 2006; Liff and Shepherd
2004; Sieverding and Koch 2009); and there is overlap between the domain of e-skills and
the domain of Internet use (van Deursen and van Dijk 2010), although correlations between
these indicators are often high (Helsper and Eynon 2013).

Nevertheless, it is the most diffuse and appropriate way of collecting data and testing
generalizable models of digital divide in extensive, comparable and diachronic studies.

The dimension of the activities performed on the network by Internet users has been
subject to numerous attempts at classification to build shared and comparable typologies of
uses of the network (e.g. Blank and Groselj 2014; Kalmus et al. 2011; Papacharissi and
Rubin 2000; van Deursen and van Dijk 2014). Undoubtedly, one of the main problems is
that the motivations behind performing a specific activity on the network cannot be
associated with a single objective, so the classification of activities cannot be organised on
the basis of mutual exclusivity. For example, the same activity—such as “using the
Internet to make phone calls”—can be useful for both work conference calls and for a
family meeting.

Internet activities are detected in Eurostat’s harmonised surveys through a list of
questions asking respondents whether they perform certain network activities. The items

2 In view of the specificity of sociocultural and territorial contexts that it must take into account in its
analyses, Eurostat continues to define regular use as “at least once a week (i.e. every day or almost every
day or at least once a week but not every day) on average within the last three months before the survey. Use
includes all locations and methods of access and any purpose (private or work/business related)” http://ec.
europa.eu/eurostat/web/products-datasets/-/tin00091.

* The empirical operationalisation of the concept is determined by certain documents that establish the
current regulatory framework (Regulations (EC) Nos 808/2004 and 1006/2009) which govern empirical
surveys on ICTs within Europe. This framework serves as a guideline on the items needed to build a useful
regional benchmark for comparative analysis which is both longitudinal and transverse.
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used to detect such activities have increased and partially changed over time, in particular
to take into account the emergence of new social uses of the Internet.

Specifically, we can distinguish between “instrumental use” (activities performed on
the network to achieve a specific objective) and “relational use” (activities aimed at
interaction with other subjects and online participation). This is a fairly broad distinction
used by many authors, albeit with different labels, to account in general terms for the
different motivations that guide the activities performed on the network. For example,
Kalmus et al. (2011) identify two main reasons that guide use of the Internet—social media
and entertainment (SME) and work and information (WI); Papacharissi and Rubin (2000)
distinguish between ritualised and instrumental use; and using the ISTAT and Eurostat
datasets, Bentivegna (2009) and Bracciale (2010) speak of an instrumental axis and a
relational axis along which activities are performed on the network.

The gaps in access, digital skill and Internet use trigger a process of enrichment or
impoverishment among Internet users, attributed to the “capital” which is available to
them (Bourdieu 2001; Hargittai 2008; van Deursen and Helsper 2015). In fact, especially
“when the Internet matures, it will increasingly reflect known social, economic and cul-
tural relationships of the offline world, including inequalities” (van Deursen and van Dijk
2014, p. 1). This differentiation among users could intensify a progressive impoverishment
of the already most marginalised segments of the population. Some segments will use the
Internet systematically, benefiting in terms of personal empowerment with respect to the
spheres of education, employment and information, while others will limit themselves
exclusively to activities related to entertainment and shopping (van Dijk 2005; Wasserman
and Richmond-Abbott 2005; Zillien and Hargittai 2009).

These opportunities of empowerment are often closely connected with higher levels of
education and an upper socioeconomic status (Bonfadelli 2002; Hargittai and Hinnant
2008; van Dijk 2005) because the position on the social ladder has a decisive role in the
uses that are made of the network, even when technological equipment, use experience and
interests are equal (Zillien and Hargittai 2009). Thus there is a further underpinning of
inequalities and the formation of new disparities so that “the influence of access to IT must
be in addition to existing sources of inequality, such as inherited wealth, social networks
and educational and occupational success” (De Haan 2004, p. 80).

The gaps that arise as a result of these inequalities can produce different kinds of
absolute and relative effects* (Rigney 2010). Specifically, the absolute Matthew effect
refers to when there is a dynamic in which the “rich” become increasingly richer and the
“poor” become increasingly poorer,” so that over time the poor are doomed to failure or
social exclusion. The relative Matthew effect exists when both the rich and the poor
become richer, but the rich become so at a rate which is so much higher that the differences
with the poor persist or increase. If one considers the combinations between the two types
of Matthew effect and the two levels of digital divide described, four scenarios could occur
(Table 1). Depending on social context, historical period and geographical area, one of the
possible combinations might prevail.

What is the situation in Italy in comparison with other European countries?

4 There might also be a process of closing the gap between “rich” and “poor”, or intermediate combi-
nations in the rate of enrichment and impoverishment. This rare dynamic may happen when the Matthew
effect does not occur and when the absolute and relative terms are inverted: in the first case, the rich become
poor and the poor become richer; in the second case, both the rich and the poor become richer, but the pace
of enrichment of the poor is much faster (Rigney 2010).

5 In this work, the words “poor” and “rich” are used broadly and do not refer specifically to the economic
dimension.
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Table 1 The Matthew effect in the digital context: four different scenarios

Matthew effect

Absolute Relative

Digital divide
First level Absolute digital exclusion Relative digital exclusion
Second level (digital Inequalities) Absolute digital marginalisation Relative digital marginalisation

The Italian digital context is an anomaly in Europe because of the country’s strong lack
of digital development. Indeed, many scholars have pointed out that Italy is among the
countries so “lagging behind” in Europe among the countries with a majority of Internet
non-users (Brandtzeg et al. 2011) that it is unable to access the economic benefits of
digitisation (Guerrieri and Bentivegna 2011). The rankings of European countries based on
a set of ICT indices disclose poor Italian performance (Vicente and Lépez 2011), with an
unbalanced digital development connected with a low level of ICTs infrastructure and
adoption by the population associated with high costs of Internet access (Cruz-Jesus et al.
2012). Along with other Southern and Eastern European countries (e.g. Greece, Cyprus,
Romania and Bulgaria), Italy is included in a cluster of increasingly digitally excluded
countries characterised by high levels of social marginality and more evident signs of the
economic crisis (Bracciale and Mingo 2015).

The most recent data show a digital landscape in which, starting from the technological
equipment available to families in their homes, Italy lags behind at the international level:
the broadband penetration rate of 51.1% places Italy as last in European rankings, with an
18.8 percentage point difference from the European average. The causes for the delay are
numerous and involve infrastructural aspects, quality of connection and accessibility of
online services ISTAT-FUB 2015), and they are reflected in the digital engagement of the
population.

By contrast, new aspects are transforming the Italian digital environment and are
changing the approach to Internet use. A significant increase in mobile broadband services
has been recorded since 2010, along with a decrease in fixed broadband services in Italy
during the same period; therefore “it could be argued that there is strong evidence that in
Italy mobile broadband services are considered as a substitute for fixed broadband ser-
vices” (Prezerakos and Polykalas 2014, p. 327). In 2014, the mobile broadband penetration
rate in Italy (32%) was slightly higher than the European average (31%) (ISTAT-FUB
2015). The increased availability in Internet access, even if through a smartphone or tablet,
is registering substantial recovery in terms of the first-level digital divide. Considering that
this is very recent, it is too early to fully understand what opportunities may be offered for
closing the second-level digital divide. Moreover, we do not yet know the possibilities of
empowerment offered by mobile devices for improving ICT skills and uses.

Given these scenarios and taking into account the increasing diffusion of ICTs among
the population, the reflection proposed in this work is structured around the following
research questions:

1. Which easily replicable measurement strategy can be adopted to take into account the
variability of the phenomena of digital divide and digital inequalities over time?
2. Which kinds of different scenario described in Table 1 can be recorded in Italy?
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The hypothesis guiding this work is that the general increase in the spread of technologies
avoids the absolute Matthew effect, but does not avert a strong relative Matthew effect.
This means a widening of existing gaps and a progressive “digital impoverishment” of the
weakest sectors compared with the average condition of the population.

This paper, focused on the Italian case, is structured as follows: Sect. 2 presents the data
on which subsequent analyses are based; Sect. 3 focuses on the first-level digital divide
that produces digital exclusion; and Sect. 4 focuses on digital inequalities—the second-
level digital divide—that produce digital marginalisation. An account is given respectively
of the indicators and indices proposed, as well as the analytical strategies and results
obtained. Section 5 presents the conclusions.

2 Data

The empirical data used here are taken from microdata collected by the Italian National
Statistics Institute (ISTAT) in a national representative survey entitled “Aspects of Daily
Life” (ADL), which was carried out from 2000 to 2013. Since 2005, the survey has
included the harmonised Eurostat (European Statistical Office) form on citizens’ use of
ICTs. The annual sample survey of approximately 20,000 households and 50,000 indi-
viduals covered the structural and contextual characteristics of the respondents; their
digital skills; frequency of use of new technologies; and how and why the Internet was
used (communication, work, training, transport, health, e-government, etc.). Our analysis
focuses on the 14-74 age segment for analysing the trend in digital disparities from 2001 to
2013.

Although annual, this survey does not have a longitudinal design, given that its annual
samples are not panels. For this reason, the structure of the data does not permit the
tracking of the performance of each individual over time, but allows us to analyse the trend
of categories of persons defined according to sociodemographic characteristics. Thus, in
this paper, the microdata are aggregated so that the unit of analysis is not the individual but
the sociodemographic category to which he/she belongs. This stratagem allows, through a
diachronic study of repeated cross-sectional surveys, to analyse changes over time.

Over this period, analysis of the digital divide has been concerned with monitoring a
phenomenon that is becoming increasingly relevant for individual daily life and for society
as a whole. At the operational level, the increased number of questions used in the annual
ADL survey is symptomatic of the growing complexity of the concept of the digital divide,
and the shifting to a paradigm of second-level digital divide. For example, there were only
two questions in the 2001 survey form specifically related to the Internet, and they were
focused only on access (individual use and family access). In 2013, the Internet section of
the form included about 20 complex questions for which each respondent could choose to
give more than one answer about network use, e-skills and Internet activities, adopting a
theoretical framework based on digital inequalities.

In this paper, taking into account this complexity and relativity, the digital divide is
analysed in terms of both exclusion (first level) and marginalisation (second level or digital
inequalities). For this purpose, relative indices of digital exclusion and marginalisation are
proposed, and multivariate analysis (Cluster Analysis and Multiple Factor Analysis) are
applied, in line with the literature which claims that testing the accumulation of advantage
hypotheses requires multivariate analysis to understand the phenomenon (De Haan 2004).
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3 First-Level Digital Divide: Indicators and Index of Digital Exclusion

Digital exclusion (first-level digital divide) was analysed with reference to the dichoto-
mous distinction between Internet users and non-users.

The first-level digital divide was operationalised using the “frequency of Internet use in
the last 12 months” variable, whereby two different types of person were identified:

e Internet Users: individuals who use the Internet every day (strong users) or at least once
a week (weak users);

e Internet Non-users: individuals who use the Internet less than once a week or who have
never used it.

With regard to the last type, individuals who use the Internet less than once a week were
included in the group of non-users because their Internet use (less than four times a month)
cannot be considered a habit. Furthermore, the percentage of occasional users is quite small
and varies from 4.2% in 2001 to 2.4% in 2013.

For the first type, despite the growth of daily users, Eurostat continues to use the
parameter of weekly connection to identify “regular” users, in view of the specificity of
different sociocultural and territorial contexts which must be taken into account in the
comparative analysis. Therefore, it was decided to use this binary classification to measure
Digital Exclusion, distinguishing the two levels (strong and weak) in the analysis of
second-level digital divide (see Fig. 1).

The trend of these aggregate variables over time describes the diffusion of technologies:
Internet users have been increasing by 34%, while non-users have been decreasing.

This first figure might suggest a closing of the digital gap over time, but in reality, these
encouraging results do not capture the digital disparities among various categories of
persons, depending on their sociodemographic features. For this purpose, it is necessary to
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Fig. 1 Internet users and non-users in Italy (% of persons aged 14-74; 2001-2013). Source: Based on the
ISTAT “Aspects of daily life” database, 2001-2013
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break down the variable and to calculate the measurement of digital divide by categories of
persons.

3.1 Digital Exclusion: Indices by Categories of Persons

For this purpose, two Digital Exclusion Indices, respectively absolute (DEAI) and relative
(DERI), are proposed: they are calculated for each year (2001, 2005, 2009, 2013) and for
each category of persons. During the “ICT for an Inclusive Society” Ministerial Confer-
ence in Riga (11 June 2006), the European Commission identified the weakest groups in
the following segments of the population: older people, people with disabilities, women,
lower education groups, unemployed and “less-developed” regions. These are already
subject to risk of social relegation, for which ICTs would be able to determine an increase
in these gaps (Sassi 2005).

According to the European Commission and on the basis of the variables available, in
this study we defined these categories on the basis of gender (male/female), age class
(14-19, 20-34, 35-44, 45-54, 55-64, over 64), education (no elementary qualification;
low-middle level, upper-middle level; tertiary); professional status (employed, unem-
ployed, student, housewife, retired) and geographical area (Northern, Central, Southern).

DEAI and DERI can be described as follows:

DEAI; :é with i=1...q; Vn>0; VE>0

it

S

[t

DERI; =% with i=1...q; VYn>0; VE>0

t

o]

=

where E;; is the number of non-users of the ith category of persons in year t; n;, is the sub-
sample size for the ith category of persons in year t; E, is the number of non-users in year t;
and n, is the sample size in year t. DEAI varies from O to 1 and allows us to quantify the
exclusion of each of the categories of persons over time by comparing the proportion of
regular users in each of the sociodemographic categories with the others: exclusion is
maximum when DEAI equals 1.

On the other hand, DERI varies from O to co and permits the measurement of digital
exclusion in relative terms, compared with the average level of all categories of persons.
When it is equal to 1, it indicates a situation of exclusion of the category quite similar to
that of the whole sample; when its value is greater than 1, it indicates that exclusion is
more widespread in that category rather than in the overall sample. Conversely, the lower
the value (less than 1 and close to 0), the more that category of persons is included.

3.2 Digital Exclusion: Method and Results

The Digital Exclusion Absolute Index (DEAI) for each of the categories of persons over
the span of the 13 years in question shows that the trend of exclusion for all categories of
subjects has been declining, although with very different rates, as shown in Fig. 2.

This result seems to exclude the existence of the “absolute” Matthew effect in the
Italian digital context, because all categories show more extensive digital inclusion, and
there is no dynamic by which the rich become increasingly richer and the poor become
increasingly poorer.
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Fig. 2 Digital Exclusion Absolute Index by monovariate categories of persons (2001-2013). Source: Based
on the ISTAT “Aspects of daily life” database, 2001-2013

Figure 2 shows the status quo model of digital inequalities: most of the lines are
relatively parallel since the digital gap between many categories of persons remains the
same over the time of this study.

As shown in Table 2, average DEAI decreased from 0.77 in 2001 to 0.44 in 2013, and
the median fell from 0.78 to 0.41. At the same time, however, the data in Fig. 2 shows that
the gaps between the most excluded categories (those with a low level of education and
those over the age of 64) and the most included categories (students, graduates and Ph.Ds)
persist and appear to have increased over the time period in question. In Table 2, DEAI
range, standard deviation and coefficient of variation (CV) increased: in particular, the
latter rose from 20.74 in 2001 to 54.00 in 2013. This is a preliminary clue of the existence
of the “relative” Matthew effect.

This dynamic is made more evident by Fig. 3, which shows the trend of the Digital
Exclusion Relative Index (DERI) for each of the categories of persons over the age of 13 in
question. The graph shows that from 2001 to 2013 the distances between the most excluded

Table 2 DEAI—descriptive
statistics. Source: Based on the
ISTAT “Aspects of daily life”

DEAI 2001 DEAI 2005 DEAI 2009 DEAI 2013

database, 2001-2013 No. 20 20 20 20
Mean  0.77* 0.72 0.57 0.44%
Median  0.78 0.72 0.55 0.41
SD 0.16 0.19 0.23 0.24
cv 20.74 26.09 40.67 54.00
Min 0.45 035 0.17 0.09
Max 098 0.99 0.96 0.92

* Two tails p < 0.0001
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Fig. 3 Digital Exclusion Relative Index by monovariate categories of persons (2001-2013). Source: Based
on the ISTAT “Aspects of daily life” database, 2001-2013

and the most included continued to increase, as revealed by the coefficients of variation
(CV) of the distributions per year, which increased from 20.22 in 2001 to 52.63 in 2013
(Table 3).

Furthermore, despite average DERI remaining almost unchanged over time (from 0.99
in 2001 to 1.02 in 2013, as shown in Table 3), Fig. 3 shows that the values of the indices of
the “poorest” categories are always greater than 1 (the watershed that identifies the sample
mean in that year); while those in the “richest” categories (with values <1) increasingly
tend to move away from this threshold value. Thus, in a scenario in which the Internet is
spreading among the population in absolute terms, the gaps between rich and poor tend to
increase rather than decrease over time.

Thus, while the DEAI trend shown above excluded the existence of the absolute
Matthew effect, these results, which were obtained by considering only the base indicator
that discriminates between users and non-users, are a clear indication of the existence of

Table 3 DERI—descriptive
statistics. Source: Based on the
ISTAT “Aspects of daily life”

DERI_2001 DERI_2005 DERI_2009 DERI 2013

database, 2001-2013 No. 20 20 20 20
Mean  0.99% 1.00 1.00 1.02%
Median  1.00 1.01 0.98 0.94
SD 0.20 025 0.40 0.54
cv 20.22 25.43 39.64 52.63
Min 0.59 0.49 0.30 0.20
Max 127 1.37 1.69 211

* Two tails p > 0.05
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relative Matthew effect applied to the digital context on which the subsequent analyses will
focus.

If one scrolls through the position of the categories of persons in Fig. 3, from those most
excluded to those most included, the usual features that distinguish those at greater risk of
social exclusion can be found: for example, the elderly, housewives, the retired/disabled,
individuals with a low level of education, residents of Southern Italy and women.

The categories of persons observed take into account only one variable at a time (for
example, gender or age or employment status or education), but it is plausible to assume
that the cumulative effect of some conditions of disadvantage can accentuate the situations
of digital marginalisation of subjects. To that end, 46 more specific sociodemographic
categories were studied (see “Appendix”). These were obtained by jointly considering
three further explanatory variables of use/non-use of the network—namely age, gender and
educational level—and the DERI for the year being analysed was calculated for each of
them.

A hierarchical cluster analysis (Centroid method) was applied to the matrix comprising
these 46 sociodemographic categories of persons and the DERI indices for 2001, 2005,
2009 and 2013, in order to identify a typology of categories of persons based on levels of
digital exclusion/inclusion over time.

Four groups were identified, taking into account the following criteria:

e the inspection of the dendrogram (Fig. 4), which highlighted different partitions. The
partition with three clusters met the criterion of “maximum jump” between the levels
of distance for which the aggregation occurred. However, this solution seems
insufficient from an informative point of view. On the other hand, the partition with
four clusters seemed more appropriate for describing the differences between
sociodemographic categories;

e the Duda—Hart stopping-rule (Duda et al. 1973) for finding one of the largest Je(2)/Je(1)
values that corresponds to a low pseudo-T-squared, which indicates more distinctive
clustering.® This condition occurs in relation to four groups (Table 4).

6 Je(2) is the sum of squared errors in resulting subgroups, while Je(1) is the sum of squared errors in the
group that is to be divided.
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Table 4 Cluster analysis—

Duda-Hart stopping rule No. of clusters Je(2)Je(1) Pseudo T-squared
1 0.3328 88.20
2 0.2531 85.58
3 0.2288 47.19
4 0.3080 29.21
5 0.2805 33.35

Table 5 Cluster analysis: cross-tabulation of the four clusters obtained with different algorithms

Centroid method Total
Increasingly Newly Persistently Increasingly
included included excluded excluded
Ward’s method
1 15 0 0 0 15
2 0 7 0 0 7
3 0 0 9 0 9
4 0 0 0 15 15
Total 15 7 9 15 46
Average Linkage (between groups)
1 15 0 0 0 15
2 0 7 0 0
3 0 0 9 0
4 0 0 0 15 15
Total 15 7 9 15 46

The cross-tabulation of the four clusters, obtained with three different algorithms (Cen-
troid, Average Linkage and Ward’s methods), confirms the robustness of the partitioning
obtained: the level of overlapping clusters is always 100% (Table 5). Moreover, the values
of Eta squared, computed between the DERI indices and the “cluster membership”
variable, are always greater than 0.86 (Table 6). This indicates that a considerable pro-
portion of the variance of each relative digital exclusion index is accounted for by the
aggregation of the 46 sociodemographic categories in four groups.

The four groups, which were different on the basis of the DERI indices in the years in
question (Table 7), can be labelled and described as follows:

1.

Increasingly included (15 subject categories): characterised by indices of relative
exclusion always less than 1 and decreasing over time (0.65 in 2001 to 0.28 in 2103).
These are subjects historically characterised by inclusion: categories with high levels
of education, and in working age (20-64 years) or younger (14-19 years), regardless

of educational level.

Newly included (7 subject categories): characterised by indices of exclusion greater
than 1 in 2001 but decreasing over time (1.04 in 2001 to 0.66 in 2013). These
categories changed their condition of exclusion in the decade in question compared
with the average situation: younger persons with a low level of education, but also
adults with a medium-high or high level of education, mainly women.
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Table 6 Typology with four

clusters and DERI indices—Eta Eta Eta squares
Eta squares
and Bta squares DERI 2001 x Clusters_4 0.928 0.862
DERI 2005 x Clusters_4 0.950 0.903
DERI 2009 x Clusters_4 0.979 0.958
DERI 2013 x Clusters_4 0.976 0.952

3. Persistently excluded (9 subject categories of subjects): characterised by indices of
exclusion always greater than 1 and a slight increase over time (from 1.16 in 2001 to
1.18 in 2013). These categories maintain a level of exclusion just above the average:
young adults with a low level of education and the elderly with medium-high
educational qualifications.

4. Increasingly excluded (15 subject categories): characterised by indices of exclusion
always greater than 1 and consistently increasing over time (from 1.25 in 2001 to 1.93
in 2013). The prevalent characteristic of these categories is the low level of education,
but also a medium—low level if accompanied by an age over 46, or a high level of
education if associated with an age over 64.

Figure 5, which represents DERI indices by different types of categories of persons,
shows that the gap between those who have an accumulation of conditions at risk of
exclusion (low level of education and older age) and conversely those that are in privileged
conditions (high level of education and younger age) tends to increase over time. The
results show the existence of two opposing groups—increasingly included and increasingly
excluded—which move apart rather than come closer. The model of accumulation of
advantages and disadvantages typical of the Matthew effect seems to have occurred in its
relative version: i.e. a generalised growth of Internet access in which the gaps between rich
and poor are widening consistently over time.

4 Second-Level Digital Divide: Indicators and Index of Digital
Marginality

Digital inequalities (second-level digital divide) were investigated by focusing only on
Internet users (weak and strong, leaving out non-users) and considering three years, 2005,
2009 and 2013, because the indicators relating to the skills and uses of the network have
been recorded since 2005. The growing interest of statistical sources about these new
aspects of the digital divide confirms the continuous transformation of the concept due to
the increasing diffusion of ICTs in the population.

According to Eurostat, ISTAT has changed the variables in different surveys over the
years to take into consideration the dynamism and nuances of the concept of digital
inequalities. The second-level digital divide was investigated following the dimensions of
access, digital skills and activities that users perform on the Internet.

4.1 Internet Access
The first aspect was operationalised using the “frequency of Internet use in the last

12 months” variable. Given that we consider Internet users only, this dichotomous variable
distinguishes between strong and weak users: the former are individuals who use the
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Fig. 5 Digital Exclusion Relative Index by typology of subjects (2001-2013). Source: Based on the ISTAT
“Aspects of daily life” database, 2001-2013

Table 8 Weak and strong users (% of internet users). Source: Based on the ISTAT “Aspects of daily life”
database, 2005-2009-2013

2005 2009 2013
Internet users (N) 10,878 16,003 19,909
Strong users 43.60 56.8 66.80
Weak users 56.40 43.2 33.20

Internet every day, the latter are those who use the Internet only once a week. Over time,
the share of weak users fell by about 23%, indicating a gradual process of presence of the
Internet in habitual media: those who use the Internet do so daily (Table 8).

4.2 Digital Skills

According to functional Eurostat rules, the different variables regarding e-skills identified
in the three surveys (2005-2009-2013) were considered (Table 9).

They are detected by asking respondents if they are able to perform some activities
related to the use of computers and the Internet.” This approach presents various problems,
as discussed above (see Sect. 1), but the principal is the overlap between the domain of
e-skills and the domain of Internet use (van Deursen and van Dijk 2010).

We choose to analyse a collection of skills without any distinction between them,
because we believe that they are the tools needed to operate the internet regardless of the
type of purpose that allows each of them to perform.

Considering the three surveys, this permits us to take account of the relativity of the
phenomenon and the changes in the indicators used for the detection of e-skills in different
years. It concerns dichotomous variables (yes/no) which were summarised by counting the

7 In 2009 the Internet skills were not detected.
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Table 9 Digital skills indicators (2005-2009-2013). Source: Based on the ISTAT “Aspects of daily life”
questionnaire, 2005, 2009 and 2013

2005

2009

2013

1. Using a mouse to launch
programs

2. Copying or moving a file or
folder

3. Using basic arithmetic
formulae in a spreadsheet

4. Compressing (or zipping)
files

5. Connecting and installing
new devices (e.g. a modem)

6. Writing a computer program
using a specialised
programming language

7. Using a search engine to
find information

8. Sending an e-mail with
attached files

9. Posting messages to chat
rooms, newsgroups or an
online discussion forum

10. Using the Internet to make
phone calls

11. Using peer-to-peer file
sharing for exchanging films,
music, etc.

12. Creating a web page

1. Using copy and past to
duplicate or move
information

2. Copying or moving a file
or folder

3. Using basic arithmetic
formulae in a spreadsheet

4. Compressing (or zipping)
files

5. Connecting and installing
new devices (e.g. a
modem)

6. Writing a computer
program using a specialised
programming language

1. Using copy and paste to duplicate or
move information

2. Copying or moving a file or folder

3. Using basic arithmetic formulae in a
spreadsheet

4. Compressing (or zipping) files

5. Connecting and installing new devices
(e.g. a modem)

6. Writing a computer program using a
specialised programming language

7. Using a search engine to find
information

8. Sending an e-mail with attached files

9. Posting messages to chat rooms,
newsgroups or an online discussion
forum

10. Using the Internet to make phone calls

11. Using peer-to-peer file sharing for
exchanging films, music, etc.

12. Creating a web page

13. Uploading text, games, images, films
or music to websites (e.g. to websites
for social networking)

14. Modifying the security settings of
Internet browsers

15. Transferring files between computers
and other devices

16. Modifying or verifying the
configuration parameters of software
applications (except Internet browsers)

17. Creating electronic presentations with
presentation software (e.g. slides)

18. Installing a new or replacing an old
operating system

total number of digital skills for each individual with respect to the maximum number of
skills detected in that year. It was decided not to adopt allocation of weights to preserve the
replicability of the survey over time and due to the possibility of further changes in the
indicators used to detect the possession of e-skills in the population. In addition, although
the decision to build a synthetic individual index based merely on adding up the number of
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skills possessed may at first appear simplistic and limited, the cumulative nature of the
skills should not be forgotten (Bracciale and Mingo 2009).

The Digital Skills Individual Index, at time t for the individual ith, can be described as
follows:

with i=1...n j=1..p; VS=1

where n is the sample size in year t; p is the number of digital skills detected in year t; and
S;i¢ is the jth digital skill present in the individual i in year t.

The means of this index decreased over the time (Table 10), but the variability
increased (CV 0.297 in 2005, 0.417 in 2009, 0.458 in 2013), marking an increase in the
period of the heterogeneity of Internet users concerning the digital skills possessed.

For each year, the synthetic index helped to identify the “Users deprived of digital
skills”, i.e. those individuals who have an Index C;; lower than or equal to the value of the
first quartile of the distribution for each year in question. This made it possible to always
relate any value to the distribution of the reference year in order to simultaneously take into
account the changed technological context.

4.3 Internet Activities

Based on the indicators available in the ISTAT dataset, this work considered it appropriate
to make a distinction between relational and instrumental activities (Table 11) in order to
take into account the dynamism and relative nature of the concept on the one hand, and the
“general” reasons that guide network use, on the other.

In relation to these two ‘axes’, the dichotomous variables (yes/no) that detect network
uses were summarised by counting the total number of instrumental and relational activ-
ities performed by each individual on the Internet related to the maximum number of
activities detected in that year. For digital skills, it was decided not to resort to allocation of
weights to preserve the replicability of the survey over time.

Two different Digital Activity Individual Indices were calculated (Table 12): the
Relational Activities index R; and the Instrumental Activities index S;. Both activity
indices were related to the maximum number of digital activities detected in the sample, in
order to take account of the different number of items in the different years of detection:

Zj) Fijt
P

R; = with i=1...n j=1..p; Vr=1

2y i

- y Gyt

Sy ==
1%

with i=1...n y=1..v; Va=1
where n is the sample size in year t; p and v are the number of relational and instrumental
activities detected in year t, respectively; rj; and a;y, are the jth relational digital activity
and the yth instrumental digital activity performed in the individual i in year t, respectively.
During the period in question, the mean of the two indices increased over time, while
the relative dispersion (CV) decreased slightly: on average, therefore, Internet users in Italy
increasingly perform network activities and their heterogeneity with regard to these
activities is diminishing (Table 12).
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Table 10 Digital skills individ-

ual index Cao0s Ca009 Cao13
N
Valid 10,878 16,003 19,909
Missing 0.000 0.000 0.000
Mean 0.634* 0.621* 0.547*
SD 0.188 0.259 0.251
CvV 0.297 0.417 0.458
Min 0.000 0.000 0.000
Max 1.000 1.000 1.000
Percentiles
25 0.500 0.500 0.333
50 0.667 0.657 0.556
* Differences between each pair 75 0.750 0.833 0.722

of means: two tailed p < 0.0001

For each of the years in question, with regard to relational/instrumental activities per-
formed on the Internet, marginal users are individuals who have, respectively, indices R;; and
Sir, which are lower than or equal to the value of the first quartile of each distribution in time t.

4.4 Marginal Users in Italy

The different shares of marginal users (i.e. those that rank in the first quartile of the four
indices) with respect to the three areas identified (frequency of Internet use, digital skills
and types of activities performed on the Internet) (see Sect. 4.1-4.3) enable the identifi-
cation of changes in the spread of digital marginalisation for the period in question. Except
for instrumental activities (for which there were no major changes), in 2013 compared with
2009 and 2005 the situation appears to have improved significantly, in terms of the
decrease in weak users and of the shares of marginal users concerning relational network
activities (Fig. 6).

Regard the digital skills, there was an improvement from 2005 to 2013; the 2009
figure should be read carefully given that the Internet skills have not been detected in that
year. Figure 6 shows an increase in digital inclusion considering the total sample, but it
does not give any information on specific sociodemographic categories. In order to capture
the differences among categories of persons, it is necessary to break down indices within
these categories. The main purpose of this analysis is to detect whether the relative
Matthew effect also exists in the second-level digital divide.

4.5 Digital Inequalities: Indices by Categories of Persons

In order to capture digital inequalities over time among various Internet users, depending
on their sociodemographic category as above, four Digital Marginality Relative Indices
(DMRI;) were calculated for each aspect of marginality for each year and for each category
of persons, using the following formula:

ijt

" with i=1...q j=12..4, t=1..p YU#O

.Q|§

DMRI; =

SIF|
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Table 11 Internet activity indicators (2005, 2009, 2013). Source: Based on the ISTAT “Aspects of daily
life” questionnaire, 2005, 2009 and 2013

2005

2009

2013

Relational activities

1. Sending/receiving e-mails

2. Telephoning,
videoconferencing

3. Other communication uses
(chat sites, etc.)

4. Downloading/listening to/
watching/playing music,
films and/or games

Instrumental activities

1. Job search or sending an
application

2. Travel and accommodation
services

3. Finding information about
goods and services

4. Downloading software

5. Reading/downloading
online newspapers/news

6. Internet banking

7. Purchasing/ordering goods
or services (excl. shares,
financial services)

8. Selling goods or services

9. Obtaining information from
public authorities” websites

10. Downloading official
forms from public
authorities

11. Submitting completed
forms to public authorities

12. Seeking health
information

13. Formalised educational
activities

14. Other educational courses
related to employment
opportunities

15. Other educational
activities

1. Sending/receiving e-mails

2. Telephoning via Internet
3. Video calls

4. Posting messages to blog,
forum

5. Posting messages to instant
messaging

6. Downloading/listening to/
watching/playing music,
films and/or games

7. Sharing contents

1. Job search or sending an
application

2. Travel and accommodation
services

3. Finding information about
goods and services

4. Downloading software

5. Reading/downloading
online newspapers/news

6. Internet banking

7. Purchasing/ordering goods
or services (excl. shares,
financial services)

8. Selling goods or services
9. Obtaining information from
public authorities” websites

10. Downloading official
forms from public
authorities

11. Submitting completed
forms to public authorities

12. Seeking health
information

13. Looking for information
on education, training or
course offers

14. Taking an online course

15. Consulting Internet to
obtain knowledge on any
subject)

1. Sending/receiving e-mails

2. Telephoning or video calls

3. Posting messages to social media sites
or instant messaging

4. Taking part in online consultations or
voting to define civic or political issues
(e.g. urban planning, signing a petition)

5. Reading and posting opinions on civic
or political issues via websites

1. Job search or sending an application
2. Travel and accommodation services

3. Finding information about goods and
services

4. Downloading software

5. Reading/downloading online
newspapers/news

6. Internet banking

7. Purchasing/ordering goods or services
(excl. shares, financial services)

8. Selling goods or services

9. Obtaining information from public
authorities” websites

10. Downloading official forms from
public authorities

11. Submitting completed forms to public
authorities

12. Seeking health information

13. Looking for information on education,
training or course offers

14. Taking an online course

15. Consulting wikis (to obtain knowledge
on any subject)
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Table 11 continued

2005 2009 2013

16. Seeking medical advice 16. Subscribing to news 16. Participating in social or professional
online from a practitioner services or products to networks

receive them regularly

17. Making an appointment 17. Reading or downloading a book or
with a practitioner via a e-book
website

18. Requesting a prescription 18. Subscribing to news services or
online from a practitioner products to receive them regularly

19. Financial services

Table 12 Digital activities indi-

. L R R R S S S
vidual indices 2005 2009 2013 2005 2009 2013

N
Valid 10,878 16,003 19,909 10,878 16,003 19,909
Missing 0.000  0.000  0.000 0.000 0.000  0.000

Mean 0.337*  0.373*%  0.434* 0.233* 0.298*%  0.309*
SD 0225 0245 0271 0.164 0199  0.204
cv 0.668  0.657 0.625 0707 0.667  0.663
Min 0.000  0.000 0.000 0.000 0.000  0.000
Max 1.000  1.000  1.000 1.000  1.000  1.000
Percentiles
25 0200 0125 0167 0.111 0.187  0.167
50 0200 0315 0333 0222 0269 0278
* Differences between each pair 75 0400 0625 0667 0333 0437 0444

of means: two-tailed p < 0.0001

where Mjj, is the number of the jth type of marginal user of the ith category of persons in
year t; U, is the size of the sub-sample for the ith class of users in year t; “M” t is the
number of marginal users in year t; and U, is the dimension of users in year t. Also in this
case, a value lower than 1 and close to O indicates a condition of “lower digital
marginality” with respect to the overall sample.

4.6 Digital Inequalities: Method and Results

Based on the results obtained in the analysis of the first-level digital divide in its relative
form, for the second-level digital divide we also expect to observe a deepening of digital
inequalities among sociodemographic categories, according to a cumulative model of
advantages and disadvantages; i.e. the Matthew effect.

Considering the descriptive analysis performed in 2009, which has shown the same
trend, the multivariate analysis of digital inequalities, focused on Internet users aggregated
in sociodemographic categories and DRM]; indices, regards both years 2005 and 2013, in
order to better highlight the changes during this period of about ten years and to make more
immediate the interpretation of the results.

The sociodemographic categories were defined based on the level of education (four
modalities), age group (six modalities) and gender (two modalities) of respondents. Of the
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m2013 =2009 =m2005

33.20%

43.20%

Weak users

56.40%

25.60%

Users with a lower level of digital skills 31.50%

30.20%

33.50%
Users with a lower level of instrumental activities 33.20%

33.30%

31.50%

Users with a lower level of relational activities 41.70%

53.40%

% people aged 14-74

Fig. 6 Marginal users in Italy by type of digital marginality (% of people aged 14-74; years 2005, 2009,
2013). Source: Based on the ISTAT “Aspects of daily life” database, 2005, 2009, 2013

48 theoretical categories obtained, the empty categories were eliminated, while categories
with few numbers lower than 25 were merged into broader categories. For example,
Internet users with a low level of education who were not very numerous, especially in
2005, were merged into three age groups (14-34; 35-54; 55-75) and were not broken
down by gender. Thus, 34 different sociodemographic categories were obtained (see
“Appendix”), which formed the units on which the following analysis was based.

The matrix under analysis is of the type:

X={xx} with i=1.34; j=1.4; k=12

where i refers to the units under analysis (34 sociodemographic categories), j to the four
DRMJ indices, and k to occasions (the survey years in question—2005 and 2013). This
concerns a “data volume” to which a multiway-type approach can be applied, making it
possible to outline changes in inter-unit variability on the different “occasions” in ques-
tion, and trace trajectories of statistical units over time: Multiple Factor Analysis (MFA)®
(Escofier and Pages 1988).

Given the presence of quantitative variables, the analysis was based on a weighted PCA
of the Xjj matrix, obtained by comparing the two Xj; matrices—one for each year of the
survey—with the following objectives:

1. Global or average structural analysis; i.e. the identification of relations among all the
variables in question. The aim was to identify whether a common structure of the
second-level digital divide exists over time. In this case, the main purpose was to
evaluate the changes in different sociodemographic categories in the period in
question. These changes can be outlined by projecting the homologous points of each

8 The analysis was conducted using SPAD-TM software.
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Xy into the common factorial space and tracing their trajectories over time. This
analysis enables us to answer the following questions: how did the position of
sociodemographic categories change with regard to the second-level relative digital
divide from 2005 to 2013? Is the hypothesis concerning the growing relative digital
marginalisation of the weakest categories empirically founded?

2. Partial structural analysis, according to each occasion, permits detailed analysis of
changes in the structure of the Xy sub-matrices. The aim was to identify the pattern of
second-level digital divide in each “occasion”. Our questions were: did the structure
of relative digital marginalisation change over time? If so, how?

Starting with the partial analysis, in which the algorithm calculates a PCA for each “oc-
casion”, the results show that for each of the two years in question the first two factorial
axes explain high percentage variance and that these percentages have increased over time
(from 89.63% in 2005 to 96.00% in 2013) (Table 13).

This means that for each occasion, all DRMI; indices are correlated and converge into
two factors that synthesise the data.

In particular:

1. The first factor is correlated with all variables being analysed for both occasions (its
factor loadings range from 0.30 to 0.86 in 2005 and from 0.76 to 0.97 in 2013; see
Table 14). This factor can be interpreted as a synthesised dimension of digital
marginalisation, based on the frequency of Internet use, the e-skills and the Internet
activities. The increasing factor loadings indicate that the relationship between the
various aspects of digital marginality, synthesised by the first factor, become stronger
over time.

2. The second factor is correlated specifically with the variables concerning a low level
of Instrumental and Relational Activities (DMRI2 0.92 in 2005, 0.52 in 2013; DMRI3
—0.40 in 2005, —0.63 in 2013). This factor seems to synthesise only some aspects of
digital inequalities, namely those concerning the different types of activities carried
out on the Internet.

These results indicate that the structure of second-level digital divide expressed by the
DMRY]j indices has partly changed: in fact, the first factor explains a percentage of variance
increasing over time (from 51.89 to 78.78%), while the second factor loses importance
(from 37.74 to 17.22%). This means that the differences in digital marginality among
sociodemographic categories, synthesised by the first factor, increased in the period
analysed: the gap between categories of persons increased over time. On the other hand,
the differences synthesised by the second factor concerning the types of Internet activities
diminished (Table 14).

Thus, digital inequalities persist and are amplified, confirming the existence of the
relative Matthew effect. At the same time, with the differences between types of Internet
activities decreasing, probably because of the spread of “apps” and mobile devices with
friendly interfaces, the difference between instrumental and relational activities tends to
fade.

The global or average analysis was conducted using a PCA of the entire X matrix, in
which each jk column was weighted by its weight (1/v/A1;) where A was the first
eigenvalue of the PCA conducted on group k. This produces common factors or general
variables Z of the MFA (Table 15).
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Table 13 Digital marginalisation partial analysis—summary of eigenvalues

Occasion Eigenvalues Percentage of variance Cumulated percentages

Axis 1 Axis 2 Axis 1 Axis 1 Axis 2
2005 2.076 1.509 51.889 51.889 89.627
2013 3.152 0.681 78.782 78.782 96.002
Table 14 Digital marginalisation partial analysis—loadings of active variables
Label variable 2005 2013

Axis 1 Axis 2 Axis 1 Axis 2

DMRI1 0.77 —0.47 0.97 —0.07
DMRI2 0.30 0.92 0.83 0.52
DMRI3 0.86 —0.40 0.76 —0.63
DMRI4 0.81 0.53 0.97 0.12

DMRII weak use, DMRI2 low level of relational activities, DMRI3 low level of instrumental activities,
DMRI4 low level of digital skills

For the global analysis, the first two factors also explain a significant share of total
variance (86.94%) and can be interpreted by analysing the coordinates, contributions and
squared cosines of the occasions and variables in question (Table 16).

Table 16 shows that:

1. The first factor is correlated with all DMRY]; indices. For this reason, in the global
analysis it can also be interpreted as a synthesised dimension of relative digital
marginalisation.

a.

The variables that have the higher contributions are those concerning digital skills
(respectively 23.67 and 15.02; coord. 0.94 and 0.93). Thus, it is e-skills in
particular that mark digital inequality among sociodemographic categories over
time. Some scholars have pointed to the importance of skills as key to inclusion in
the information society (van Dijk and van Deursen 2014) and highlight the

Table 15 Digital marginalisa-
tion—global analysis—
eigenvalues

Number Eigenvalue Percent Cumul. percent
1 1.816 56.803 56.803

2 0.963 30.133 86.936

3 0.257 8.042 94.977

4 0.063 1.957 96.934

5 0.045 1.408 98.342

6 0.034 1.049 99.392

7 0.014 0.451 99.843

8 0.005 0.157 100.00
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existence of a virtuous circle: the more one is skilled, the more varied the online
media diet will be; the more one’s skills increase, the more diversified network
uses will be, as well as the outcomes achieved in offline status, which then again
influences digital inclusion factors (van Deursen and Helsper 2015).

b. In addition, differences between the two years are highlighted: in 2013, the factor
is also strongly correlated with weak use (DMR1 coord = 0.93) and with a low
level of relational and instrumental activities (DMRI2 coord = 0.78 and DMRI3
coord = 0.78). On the other hand, in 2005, correlations with these variables were
weaker (respectively 0.43; 0.56 and 0.67). These results indicate that in 2013,
more than in 2005, digital marginalisation is associated with sporadic network use
and a limited number of Internet activities. This result is coherent with the black
side of the above-mentioned hypothesis of virtuous circle.

2. The second factor represents the distinction among different types of Internet
activities: the low level of relational activities (0.74 and 0.54) and that of instrumental
activities (—0.70 and —0.52). This distinction among types of activities (relational/
instrumental) appears to be mainly a feature of 2005, and it has faded over time: the
contributions of the variables in 2013 for the factor are lower than those of the
variables in 2005. This means that the type of activities (relational/instrumental) in
which the users are engaged online become less important to understand the
marginalities than the skills. This findings support the work of Helsper et al. (2016),
which showed that skills become more important for the translation of activities into
tangible outcomes rather than the activities that people undertake online.

Once the common (global) structure has been identified, it is possible to project the points
concerning the different sociodemographic categories and the respective partial coordi-
nates for each year in question onto the first factorial plane. Analysis of these coordinates
allows us to determine which sociodemographic categories have had the most pronounced
transformations with respect to digital inequalities over time, and to verify the presence of
the relative Matthew effect.

Table 16 Digital marginalisation—global analysis: coordinates, contributions and squared cosines of
active variables

Variables Coordinates Contributions Squared cosines
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2

DMRI1_2005 0.427 —0.718 4.827 25.756 0.183 0.515
DMRI2_2005 0.563 0.736 8.414 27.094 0.317 0.542
DMRI3_2005 0.674 —0.705 12.049 24.829 0.454 0.496
DMRI4_2005 0.944 0.172 23.663 1.474 0.892 0.029
DMRI1_2013 0.925 0.076 14.954 0.188 0.856 0.006
DMRI2_2013 0.775 0.544 10.495 9.757 0.601 0.296
DMRI3_2013 0.778 —0.522 10.577 8.969 0.605 0.272
DMRI4_2013 0.927 0.242 15.021 1.936 0.859 0.059

DMRII weak use, DMRI2 low level of relational activities, DMRI3 low level of instrumental activities,
DMRI4 low level of digital skills
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Table 17 Sociodemographic categories with the greatest intra-inertia. Source: Based on the ISTAT
“Aspects of daily life” database, 2005 and 2013

Inertia 2005 coordinates 2013 coordinates Digital marginalisation

Axis 1: Digital marginalisation

UM * A (17-19) *F 14.541 —0.025 —1.736 Decrease

LM * A (14-19) *F 14437 0.881 —0.825 Decrease

H* A (55-64) * F 8.445 1.337 0.032 Decrease

L * A (14-34) * MF 3.577 1.728 0.879 Decrease

H* A (35-45) *F 2.931 —0.496 —1.265 Decrease

LM * A (55-64) * F 10.848 0.752 2.231 Increase

LM * A (55-64) * M 6.158 0.438 1.552 Increase

L * A (35-54) * MF 4.568 1.348 2.308 Increase

LM * A (46-54) * F 3.662 0.792 1.652 Increase

Axis 2: Low level of activities

LM * A (14-19) * F 19.263 —4.144 —0.967 Instrumental activities improve
LM * A (14-19) *M  11.673 —3.420 —0.946 Instrumental activities improve
UM * A (17-19) * F 5438 —2.359 —0.672 Instrumental activities improve
L * A (14-34) * MF 11.363 1.728 0.879 Relational activities improve
H*A (3545 *M 5.345 1.642 —0.032 Relational activities improve
H* A (20-34) * M 5.045 1.126 —0.325 Relational activities improve
H * A (644+) * MF 4.501 1.959 0.423 Relational activities improve
H* A (20-34) * F 4.017 1.126 —0.325 Relational activities improve
H * A (46-54) * M 3.896 1.216 0.419 Relational activities improve

Education (L low, LM lower middle, UM upper middle, H higher); A age; Gender (M male, F female)

Table 17 shows the categories which have a higher intra-inertia (Escofier and Pages
1988) and therefore are characterised by greater dynamism than the others’: among them
we find six categories with a low and medium-low level of education and four categories
with a high level of education. The trajectory of each of these sociodemographic categories
of subjects outlines the increase or decrease in digital marginalisation or in the level of
instrumental/relational Internet activities.

Level of education seems to be the key variable: the categories that showed an increase
in marginalisation are characterised by low or medium—low levels of education, with the
exception of young people aged between 14 and 19 probably because they are still in
education (Table 17). For the categories of persons with a high level of education, there is
instead an improvement in the condition of digital inclusion. As noted in other contexts, the
differences in the level of education make a decisive contribution to digital marginalisation
if other factors, such as age, do not intervene to mitigate inequalities (van Deursen and van
Dijk 2014). These trajectories verify the dynamics of impoverishment of the “poor” and
the existence of the relative Matthew effect.

With reference to Internet activities, the category that has witnessed the most obvious
changes, increasing instrumental activities, is that of young people (Table 17). It could be

° These are the homologous partial points which are more distant on the first factorial common plane.
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argued that the youth of about 10 years ago performed less instrumental activities than
those of today. On the other hand, for some categories of persons with a high level of
education, the dynamics appear to show an increase in relational activities: this means that
graduates in 2005 were less orientated towards performing relational-type network activity
than those of today. Obviously, the changed socio-technological context clearly affects the
choices of use. New applications are being produced which are typical of the “participatory
web”—just think of social network sites such as Facebook—and new services are being
offered by companies and public and private bodies, such as the possibility to send doc-
uments to public administrations or expansion of the e-commerce offer.

5 Conclusions

This paper has focused on the distinction between first-level (Norris 2001; NTIA 1999) and
second-level (DiMaggio and Hargittai 2001; DiMaggio et al. 2004) digital divides, and on
the differentiation between absolute and relative Matthew effect (Rigney 2010). Using
extensive data from official statistical sources harmonised at European level, albeit in the
absence of longitudinal data, indicators, indices and analyses have been proposed that
permit both capturing the mobility of the concept of exclusion and digital marginalisation,
and outlining absolute and relative changes over a period of about a decade. The aggre-
gation of microdata, in which the unit of analysis is not the individual but the sociode-
mographic category to which he/she belongs, has allowed us to make a diachronic research
on digital inequalities.

Although applied to the Italian case, the indices proposed by setting shared indicators
used in periodical extensive surveys are easily replicable in other contexts and in new,
especially European, lines of research, in which harmonised surveys similar to the one used
in this paper are conducted. Thus, it is possible to monitor the existence and persistence of
first- and second-level digital divide over time and carry out comparative analyses, as
proposed in the first research question. This is one of the most innovative aspects of this
work.

However, in terms of problems related to the study, it should be stressed that the
aggregation of microdata by categories built on the basis of given criteria involves a
simplification of the conditions of subjects (for example, women aged 65 with lower
educational qualifications may have very different characteristics on the basis of other
variables). It would therefore be better to implement harmonised surveys at European level
with longitudinal designs that enable the analysis of individual trajectories over time and
more in-depth analysis of digital exclusion, similar to what can be done today with social
exclusion based on EU-SILC surveys.

Regarding the second research question, at a substantive level the analysis of ISTAT
microdata showed that in the Italian digital context there appears to be a relative-type
Matthew effect. In fact, even in the face of a higher level of diffusion of technology over
time, that confirms the absence of an absolute Matthew effect, digital exclusion curves
appear to draw a model of progressive divergence among social groups. Rarely and only
under some conditions, network effects are ameliorative of inequalities, more often they
end up exacerbating disparities between various social groups (DiMaggio and Garipp
2012). In this manner, the strength of network effects is stronger for people who start from
a situation of advantage in terms of availability of resources. The poor chase those who are
richer in cultural and socioeconomic capital, registering increasing distances. Thus, those
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excluded from the network society are left alone in the “fourth world”, made up of
multiple black holes of social exclusion (Castells 2000).

The results of the analysis show that for the first- and second-level digital divide, the
gaps between the poorer categories (e.g. those with a low level of education and those over
the age of 64) and the richer categories (e.g. students, young people aged between 14 and
19) were on the increase from 2001 to 2013.

The hypothesis guiding this work—that despite the general increase in the spread of
technologies there is a strong relative Matthew effect in Italy—is empirically verified by
using the relative indices proposed. We found a widening of the existing gaps, and a
progressive impoverishment of the weakest sectors of the population. This is another
innovative aspect of this analysis.

The Matthew effect could be tested within other contexts to check for hidden digital
inequalities among different segments of the population, which are not detectable by the
digital divide absolute measurements.

The Internet thus shows itself to be not only an active reproducer of social inequality but
also a potential accelerator (Witte and Mannon 2010), which increases the opportunities of
empowerment for those who are already in an advantageous position in society and
weakens improvements in the quality of life for those already at risk of social exclusion
before digital marginalisation (Blank and Groselj 2014; Blank 2013; van Deursen et al.
2015).

This effect is closely linked to the nature of technological innovation itself, which
moves the skills bar needed to exploit the mechanisms of empowerment fostered by the
Internet higher and higher, and ends up benefiting the “richest”. This therefore concerns
the causes of digital inequalities linked to the classic dimensions of social inequalities such
as education, race, income, age, marital status and gender (Norris 2001; van Dijk 2005;
Warschauer 2003; Wasserman and Richmond-Abbott 2005), as well as to the cultural
characteristics of different contexts (Drori and Jang 2003) and individual lifestyle and life
stage (Anderson and Tracey 2002).

Digital and social inclusions are related, and “the influence of offline exclusion fields on
digital exclusion fields is mediated by access, skills and attitudinal or motivational aspects.
On the other hand, the relevance, quality, ownership and sustainability of engagement with
different digital resources is said to mediate the influence of engagement on offline
exclusion” (Helsper 2012, p. 403). Further research should consider the “third-level digital
divide”, regarding the offline outcomes that Internet use produce (Helsper 2012; Helsper
et al. 2016, van Deursen and Helsper 2015). In effect, the findings of this research highlight
a less central role of the different activities so as to explain the digital marginalities. The
digital skills thus become more and more important than the activities carried out by
users “to translate engagement with an online activity into a tangible outcome” (Helsper
et al. 2015, p. 55).

With the synthetic indices it proposes, this paper did not investigate the causes of these
inequalities but set itself the goal of identifying simple and easily comparable measure-
ments of first and second-level digital divide in order to highlight the persistence—and
indeed worsening—of inequalities produced by the Matthew effect. These measurements
should be useful to show how—contrary to what one might think due to the increasing
diffusion of ICTs among the population—inequalities not only continue to exist, but
increase among different social groups over time. This empirical evidence is needed to
help policy-makers focus on the problem of the progressive impoverishment of part of the
population and implement ad hoc policies aimed at reducing the gaps.
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Appendix: Sociodemographic Categories

A: Cluster analysis
H* A (20-34) * M
H* A (20-34) * F
H* A (3545) *M
H* A (3545) *F
H* A (46-54) * M
H* A (46-54) * F
H* A (55-64) * M
H* A (55-64) * F
H*A (64+) *M
H* A (64+) *F
UM * A (17-19) * M
UM * A (17-19) * F
UM * A (20-34) * M
UM * A (20-34) * F
UM * A (35-45) * M
UM * A (35-45) *F
UM * A (46-54) * M
UM * A (46-54) * F
UM * A (55-64) * M
UM * A (55-64) * F
UM * A (644+) * M
UM * A (64+) * F
LM * A (14-19) * M
B: Multiple factorial analysis
H* A (20-34) *M
H* A (20-34) *F
H* A (35-45) * M
H* A (35-45) *F
H* A (46-54) * M
H* A (46-54) * F
H* A (55-64) * M
H* A (55-64) * F

H * A (64+) * MF
UM * A (17-19) * M
UM * A (17-19) * F
UM * A (20-34) * M
UM * A (20-34) * F
UM * A (35-45) * M
UM * A (35-45) * F
UM * A (46-54) * M
UM * A (46-54) * F

LM * A (14-19) * F
LM * A (20-34) * M
LM * A (20-34) * F
LM * A (35-45) * M
LM * A (35-45) * F
LM * A (46-54) * M
LM * A (46-54) * F
LM * A (55-64) * M
LM * A (55-64) * F
LM * A (64+) * M
LM * A (64+) * F
L* A (14-19) * M
L* A (14-19) *F

L * A (20-34) * M
L * A (20-34) * F

L * A (35-45) * M
L * A (35-45) * F

L * A (46-54) * M
L * A (46-54) * F

L * A (55-64) * M
L * A (55-64) * F
L* A (644) * M
L* A (64+) * F

UM * A (55-64) * M
UM * A (55-64) * F
UM * A (64+) * MF
LM * A (14-19) * M
LM * A (14-19) * F
LM * A (20-34) * M
LM * A (20-34) * F
LM * A (35-45) * M
LM * A (35-45) * F
LM * A (46-54) * M
LM * A (46-54) * F
LM * A (55-64) * M
LM * A (55-64) * F
LM * A (64+) * MF
L * A (14-34) * MF
L * A (35-54) * MF
L * A (55-74) * MF

Education (L low, LM lower middle, UM upper middle, H higher); A age; Gender (M male, F female)
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