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Abstract

We investigate gender, migration and social-background disparities in digital
reading and navigation skills using PISA 2012 computer-based data from 16
European countries. In comparison to the extant research on information skills
disparities, we provide three main improvements. First, we rely on objective
measures of navigation skills taken from the log files of the digital reading computer
tests. Second, we distinguish a mere quantitative measure of browsing behavior
from a more qualitative one which includes individuals' evaluative skills. Third, we
compare print and paper-based reading scores, this allowing to assess social
disparities in digital competences net of traditional skills and thus providing
conservative estimates of the digital gaps. Our results point to the key importance
of traditional competences in accounting for the observed digital gaps. Yet, the
interplay between digitalization and education inequality is heterogeneous. Boys
and girls show markedly different approaches to online navigation: the former show
more operational familiarity with technology and 'trial and error' approaches and
girls being more prone to 'think and then click' approaches. Concerning the
migrant/native gaps, the picture is one in which children of immigrants
underperform on the digital reading test, but catch up with natives when traditional
reading competences are held equal. Immigrants' children show slightly higher
navigation skills that may be employed to compensate their linguistic difficulties.
Finally, youths from privileged social backgrounds show higher digital skills that
persist even net of traditional competences pointing out the possible existence of
a cumulative effect of traditional and digital inequalities.

Keywords: digital divide; digital reading; education inequality; information literacy;
log files; navigation skills
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The second digital divide in Europe. A cross-
national study on students’ digital reading and
navigation skills

1. Introduction

In the information age, equal access and use of information and communication technologies
(ICTs) have become major policy objectives in most industrialized countries. Following years
of considerable digital expansion, the “first digital divide’—i.e., the socioeconomic gap in
physical access to ICTs— is nowadays considered as being shrinking almost everywhere or
deemed to be closed in the nearest future (Castells 2001, Attewell 2001, Di Maggio et al.
2004; Van Dijk and Hacker 2003, Mossberger et al. 2003, OECD 2015a). The same holds
true for gender disparities (Liff et al. 2004) and even more so when the focus is restricted to
the younger generations (Livingstone e Helsper 2007), who have benefited from the digital
expansion more than the adults.

Major concerns are now posed by the so called “second digital divide—i.e., the
socioeconomic gap in use and ability to take full advantage of ICTs (Attewell 2001). Given
the increasing centrality of ICTs and the pervasiveness of digital information, proficiency in
using new technologies has become a key asset for a full and active participation in
economic, social and civic life (Di Maggio et al. 2004). Contrary to a popular belief that
increased access to the Internet and related digital technology would lead per se to an
improved access to information for all, the more mature the digital expansion, the more
digital inequality becomes a matter of concern (Di Maggio et al. 2004, Hargittai 2010). Higher
social classes may implement capital enhancing strategies to maintain or reinforce their
advantaged position (Zillien and Hargittai 2009). If a reduction of access inequality is not
accompanied by a reduction of inequality on how ICTs are used, digitalization could
exacerbate inequality instead of reducing it (Attewell 2001, Di Maggio and Hargittai 2001,
Van Deursen and Van Dijk 2014).

This paper aims at shedding light on the intersection between digital competences and
educational inequality by focusing on youths’ information literacy (Carrettero et al. 2017).}
More precisely, the paper investigates youths’ disparities in digital reading proficiency and
online navigation skills. A number of recent studies have pointed out social disparities with
respect to the frequency and the modalities in which young people use of the Internet and
computers (OECD 2015a, Livingstone and Helsper, 2007, Notten et al. 2009, Ono and
Zavodny 2007). Not much is known instead on the existence of disparities in young people’s
competences to fully exploit new technologies and the Internet to retrieve and process digital
information (Van Dijk 2005, Warscharuer 2005, Gui 2007). As argued by Gui and Argentin
(2011), studies in this field often lack standardized measurements and are based on small,
local samples reducing the generalizability of the results. The few studies that attempt to
investigate deeper the existence of social disparities on standardized measures of
information skills show that having higher educated parents is positively associated with
higher skills (Hargittai 2002, Gui and Argentin 2011). Gender differences on digital skills are
found to be less pronounced (Hargittai and Schaffer 2006, Gui 2007), while very little is
known on migrant/native digital literacy gap. Hargittai (2010) for example finds that students
of Hispanic origin and African Americans in the US exhibit lower levels of knowledge of the
Internet. One of the biggest shortcomings in existing studies is the impossibility of taking
traditional reading skills under control when analyzing digital skills. The former vary

1 We use competence, skill, proficiency as equivalent terms.
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substantially across groups (OECD 2010) hence possibly leading to an overestimation of the
digital skill gap, as the competences needed to read and understand texts are intrinsically
linked to the competences needed to retrieve and process information online (OECD 2015a).

With this paper, we provide a cross-national analysis of the second digital divide with a
specific focus on youths’ digital reading and online navigation skills. We use 2012 data from
the Programme for International Student Assessment — Computer Based Assessment
(hereafter also PISA-CBA 2012) relative to 16 European countries. Beyond the wide
geographical coverage and the large sample size, this data allows us to contribute to the
literature with respect to at least three other important points. First, the data provides
objective measures of pupils’ online navigation behaviors that were taken while students
filled in the digital reading computer tests and that are summarized in two indices of quantity
and quality of the online browsing activity (OECD 2015a). Second, PISA-CBA 2012 also
provides individual measures of students’ standard print reading competences, this allowing
an assessment of digital reading and navigation skills gaps keeping ‘standard’ reading
competences under control. Third, we consider multiple forms of inequality. Beyond gender
and social origins (as measured by parental education and occupation), we also look at the
role played by migration background. The number of children of immigrants in European
schools has been growing steadily in the past years, yet not much is known on their digital
literacy.

The main empirical results of our analysis can be summarized as follows. First, we document
the existence of inequality in digital competences along the lines of gender, migration
background and social origins. Males, children of immigrants and children coming from less
privileged family backgrounds exhibit lower digital reading competences. Second, we show
that, net of print reading competences, the four individual attributes considered (gender,
migration background, parental education and occupation) play a small role on students’
digital reading, although in some countries differences due to social background are
noticeable. Hence, inequality in digital reading is greatly attributable to students’
development of standard reading competences and not to digital ones. Nonetheless, some
significant disparities in digital reading persist across groups even net of print reading skills,
this pointing to the existence of “digital-specific’ gaps. Third, we highlight the possible
existence of three distinct mechanisms to account for the relationship between digital skills
and educational inequality. Regarding gender, boys show significantly higher navigation
activity levels than girls, but when considering the quality of navigation, they fall behind them.
This result point to the existence of gendered approaches to ICTs and the Internet, with boys
appearing more technically capable to interact with computers but at the same time being
more unfocused (“trial and error” approach), while girls appear to be more reflective (“think
and then click” approach). These gendered approaches can be rooted in exposure to ICT at
home and purposes of use. Boys start using computers at earlier ages, live in technology-
richer households and use the Internet for gaming more than girls, who instead use ICTs at
home more frequently for school-related tasks. Concerning the migrant/native gaps, the
picture is one in which children of immigrants underperform natives in digital reading, but
catch up with natives when traditional reading competences are held equal. Also, immigrants'
children show slightly higher navigation skills that may be employed to compensate their
linguistic difficulties. Finally, when analyzing social-background disparities, we find that these
persists even after holding print reading competences fixed. This suggests that, contrary to
the previous cases, traditional and new forms of social inequality cumulate, as more
educated and affluent families can provide their children with technology-richer environments
and a better supervision when using ICTs.



2. Literature review

In nearly all domains, today information is increasingly produced and spread by the means of
technological devices rather than printed documents. This technological innovation demands
changes in the set of skills needed to adequately retrieving and processing such information.
Some authors refer to “informational skills” to define those skills needed to navigate, select,
evaluate and reuse digital information (Warschauer 2002, van Dijk 2005, Gui 2007).
Carretero and colleagues (2017) identify three sets of competences related to “information
and data literacy”: (i) browsing, searching and filtering data, information and digital content;
(ii) evaluating data, information and digital content; and (iii) managing data, information and
digital content.

Possessing standard reading competences may not be enough to make individuals prepared
for mastering digital information. Reading online texts requires new competences that go
beyond traditional competences needed for printed documents (Noyes and Garland 2003,
Mangen et al. 2013, OECD 2015a). First, online texts are characterized by a combination of
text, images, animations, videos, etc. Also, hyper-links are often embedded in online texts,
this creating non-sequential page structures. This complex configuration requires readers to
possess adequate text-processing skills and ability to navigate through different texts (OECD
2015a). Second, web pages also require organisational and spatial skills, such as the ability
to construct a mental representation of the structure of a website in order to move confidently
across the different pages (OECD 2015a). Third, evaluative skills are also particularly
important for online text forms. Individuals have to assess the relevance of information and
the credibility of sources by using their prior experience and hints provided by the web pages
(e.g., layout, poor grammar and spelling, link names, etc.). Hence, the use of digital
information requires individuals to develop a set of specific competences that range from
knowing the sources of information, knowing how to search and find the relevant information,
being able to critically examining and assessing Internet information sources. In sum, digital
reading competences involve both print reading skills and a set of new digital competences
that can be labelled as “navigation skills” (OECD 2015a).

Disparities in access to ICT have been documented since the Eighties between genders,
immigrant and social backgrounds both in the US and in Europe (Attewell 2001, Van Dijk and
Hacker 2003, Di Maggio at al. 2004, OECD 2015a). In spite of the evidence that higher-
status people use higher-quality digital equipment (Zillien 2006), the social gap in access to
ICTs is no longer considered a major concern and it is expected to shrink significantly in the
future, if only for the effects of digital saturation. However, social disparities in how ICTs are
used are found in several contexts. In the US, for example, the patterns of ICTs use vary
substantially across social classes, with children coming from less privileged social strata
employing more time in unsupervised playing games at home, while affluent children enjoy
educationally richer environments (Attewell 2001). Notten and colleagues (2009) using PISA
2003 data from 30 countries find that children of parents with higher education and
occupational status use the Internet more often for informational and less often for
entertainment purposes than less well educated adolescents. A similar conclusion is reached
by Gui (2015) who, relying on a series of local surveys carried out on students in Northern
Italy, finds that children of high-educated parents use the Internet more often to search
information and are more likely to be supervised by their parents when using new
technologies. Moreover, they run lower risk of excessive Internet consumption, which could
have disruptive consequences on social activities and learning. Such systematic social
disparities in how computers and the Internet are used could reflect ‘capital-enhancing’
strategies implemented by privileged groups to gain more benefits from digitalization (Di
Maggio and Hargittai, Zilien and Hargittai 2009). It is well known that the family environment
shape young people's resources and habits (Bourdieu 1984, Lareau 2003). High-educated
parents are likely more experienced user of new technologies than less-educated and their
homes are likely to be more equipped with ICT. Moreover, high-status parents can have
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more positive attitudes and be able to better supervise their children in the use of computer
and the Internet than low-status parents with poor digital competences (Livingstone and
Helsper 2007).

Beyond social disparities, a large humber of studies also point out recurrently the existence
of gendered patterns in the use of ICT. Boys are found to start using the computer at earlier
ages relative to girls (OCED 2015a). The former also show higher use of the Internet and
higher likelihood of using it for gaming or informational purposes (Livingstone and Helsper
2007, Notten et al. 2009). Concerning the role of migrant or ethnic minority status, instead,
there is some evidence that non-native young people may show even higher and more
diversified Internet and computer use than natives. Hargittai (2010) studies the web activities
of a class of first-year college students and finds that Asian students engage in more
activities on the Web regardless of available resources and experience. Gui (2015) finds that
immigrant students use the Internet for a wider range of purposes and produce more digital
content online than natives in Italy.

When shifting our attention from digital use to digital competences, our knowledge on social
disparities is weaker. As pointed out by Gui and Argentin (2011), social disparities shall be
more pronounced when it comes to ‘informational’ skills, as the latter depend more on
family’s cultural background, than simply operational skills needed to use a computer and
software (van Dijk 2005). Empirical studies provide consistent evidence that education level
appears to be the most relevant factor connected to differences in digital skills such as skills
in solving search tasks online (Hargittai 2002, Gui 2007). Hargittai (2010) finds that higher
levels of parental education, being a male, and being white or Asian American are
associated with higher levels of Web-use skill, while students of Hispanic origin, and African
Americans exhibit lower levels of knowledge of the Internet. Gender differences appear
relatively small on online task tests while seem to be larger when it comes to attitudes or self-
perceived skills (Hargittai 2002, Hargittai and Shafer 2006).

3. Data and methods

3.1 Data

We use PISA 2012 data relative to 16 European countries. The dataset comprises different
archives. The most relevant to our purposes are: (i) the paper-based assessment (PBA) file
from which we derived individuals' scores on the paper-based reading test; (ii) the student
guestionnaire file containing information on pupils’ background, attitudes, behaviors, as well
as several items on ICT access and use, both at home and at school; (iii) the computer-
based assessment (CBA) file containing the digital reading test scores (DRA); and (iv) the
PISA-CBA "Log files" which track students’ navigation behaviors when taking the CBA-DRA
test.

PISA 2012 was administered differently in the participating countries. While all countries
administered the PBA, only a subset of countries (44) administered the CBA, and among the
latter only some countries (32) administered the CBA-DRA module. Moreover, within these
32 countries, not all students took all the three CBA tests (i.e., in addition to DRA, the two
other computer tests were on mathematics and problem solving), but these were randomly
administered to different subsamples of students.?

Our analysis includes 15 European Union (EU) countries (Austria, Belgium, Germany,
Denmark, Spain, Estonia, France, Hungary, Ireland, Italy, Poland, Portugal, Slovakia,
Slovenia, Sweden), and Norway. The remaining European countries are not included in the
analysis as they did not administer the digital reading tests. More precisely, seven countries
(Luxembourg, Latvia, Lithuania, Romania, Cyprus, Greece, and Malta) did not take part to

2 See OECD (2014) for further details on the survey design.
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the PISA-CBA tests; and six other countries (Bulgaria, Czech Republic, Finland, Great
Britain, Croatia, and the Netherlands) administered only the problem-solving module. The
analyses presented in this report are based on the “log files” sample - i.e. 24,851 students
who took the DRA test and for those the information on navigation skills is available.®

3.2 Variables

Our main dependent variables are digital reading scores and navigation skills. For the digital
reading score, as well as for the print reading one, the values are standardized across all
countries in the first year when the test is administered as a major subject (the pooled OECD
mean score is 500, with a standard deviation of 100), making cross-country and cross-test
comparisons more meaningful.

Students' online navigation skills are captured by two distinct indices that measure pupils'
behaviors when taking the PISA computer-based digital reading test. The CBA system
collected behavioral data such as time spent on task, sequence of pages visited, and use of
stimulus elements like ‘drop down’ menus. The CBA log files contain a measure of the
“length of navigation sequences” (i.e., number of movements/steps between different pages)
as well as qualitative information of each step taken: task-relevant step (from and to a
relevant page); misstep (from a relevant to a non-relevant page); correction (from a non-
relevant to a relevant page); task-irrelevant step (from and to a non-relevant page). This
information was used to construct the two indices used in the analysis: (i) the index of overall
browsing activity: given by the total number of steps; (ii) the index of targeted navigation:
given by the total number of task-relevant steps subtracted by missteps and task-irrelevant
steps. Since the first index reports a quantitative measure of students' browsing in during the
examination, it could not only indicate digital proficiency but also unfocused reading and
inefficiency. The second index instead provides a measure of the quality of students'
navigation. By taking “right” and “wrong” steps into account, this index captures students’
reflective behavior and evaluative skills in answering the computer tests (“think, then click”
approach) (OECD, 2015a). The values of the two indices range between 0 and 100—with O
indicating no (targeted) activity and 100 indicating maximum (or, maximally targeted)
activity—and, to account for the different difficulty levels, reflect the percentile score given by
the rank of the student among all students who were administered the same digital reading
guestions.

As for the main independent variables employed in the analyses, they were coded as follows.
Gender takes value 1 for males and O for females. Migrant background takes value 1 for
those students whose both parents were born abroad and 0 otherwise. Parental education
takes value 1 for students who have at least one parent with ISCED5 (tertiary) education and
0 otherwise. Parental social position is measured by means of ISEl (International Socio-
Economic Index of Occupational Status) scores. ISEI is a standardized measure of the level
of social prestige associated to every occupation listed in the 1988 version of the
International Standard Classification of Occupation (ISCO88). In the analyses, the ISEI index
is recoded as a dummy variable taking value 1 for students with one parent scored in the
ISEI index equal or above the 75" percentile and 0 for their counterparts with both parents’
ISEI score below the 75" percentile. The percentile distribution is computed country by
country to reflect individuals' relative position within her country. A number of other variables
concerning pupils’ access to and use of ICTs at home and at school are also considered and
described in section 5.

3 Missing values on three of the four main independent variables (i.e., immigrant background, parental
education and occupation) range between 4 and 5% of the sample. These observations are included
in all analyses as 'missing categories’.



3.3 Methods

The analyses are based on a series of linear regression models which include the five
plausible values of the paper and digital reading scores. To account for the survey design, all
analyses are estimated using final student weights and the 80 replicate weights provided by
PISA to retrieve correct estimates of standard errors. More precisely, we apply the balanced
repeated replication (BRR method with a Fay adjustment factor of 0.5. We use the STATA
routine repest developed by Avvisati and Keslair (2016).

4. Gaps in digital reading

In this section, we investigate how gender, migration background and social origins
contribute to disparities in digital reading competences and whether these gaps persist even
holding print reading skills constant across groups. Table 2 shows mean differences in paper
and digital reading scores across groups. The “gender gap” is given by boys’ average score
minus the girls’ scores, hence the negative values indicate boys underperforming girls. The
migrant background gap is obtained subtracting natives’ scores from the children of
immigrants’ ones, with negative values indicating children of immigrants performing worse
than natives. The parental education (occupation) gap is the difference between the score of
students whose parents are highly educated (employed in socio-economically higher ranked
occupations) and those whose parents are lower educated (have lower ranked occupations):
positive values on these two gap estimates indicate that students with more privileged family
backgrounds perform better. Table 2 shows that gender- and migration-background gaps are
smaller in digital vs print reading. This is particularly true for the gender gap, which drops
from more than 41 points (two fifths of a standard deviation) to 25 points. When considering
the two indicators of social origins instead, it appears that the gaps are substantially and
statistically equivalent on the two tests.

Table 2 Comparison of the gap estimates on print and digital reading tests (N=24,851)

Print Reading Digital Reading
Gap 95% Cl 95% Cl
off — —  Diff —
Low Up Low Up
Gender -41.7 -45.7 -37.7 -25.1 -29.0 -21.3
(Boys — Girls)
Migrant background -37.1 -443 -299 -249 -31.6 -183
(Non-natives - natives)
Parental education 349 295 403 36.2 317 407
(Higher — lower educated)
Parental occupation 599 545 654 558 51.3 604

(Higher — lower ISEI score)
Source: Own elaborations based on PISA-CBA 2012 data.
Note: Linear regression estimates obtained using the five plausible values, the final student weights and the 80
replicate weights. Observations with missing values on the variables migration background, parental education
and ISEI score are included in the analysis as 'missing category' but not shown.




Figure 1 Gross and net (of print reading skills) digital reading gaps (N=24,851)
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numbers of children of immigrants in the sample.



To investigate deeper into the digital reading gaps, a series of linear regression models is
estimated both on the pooled set of countries and within each distinct country. The results
are presented in Figure 1, which shows gross mean differences (grey bars) on digital reading
and the net mean differences (black circles)—the latter estimated after making “print” reading
skills equal across groups. The vertical lines indicate the 95% confidence intervals around
the estimates.

The overall picture provided by Figure 1 suggests that net differences are much smaller than
gross ones (the circles are always closer to the “zero line”). This means that most of the
differences observed in digital reading skills are due to group differences in print reading.
However, there are important variations in the results depending on the specific ascriptive
factors considered.

When considering gender, males are clearly underperforming girls on the digital reading test
in all countries. However, this gap is reversed, with boys outperforming girls, when holding
pure reading skills constant across genders. This points to a key role played by digital skills
in accounting for gender gaps in online reading. This pattern holds true for nearly all
countries. In some countries net gender gaps are virtually zero, while in no country do boys
underperform girls once print reading skills are controlled for.

Turning now to migration background, children of immigrants underperform natives on the
digital reading test, but once pure reading skills are held fixed, the gap vanishes. This result
holds true for almost all countries. In some countries, however, a migrant ‘penalty’ persists
(Belgium, Denmark, Estonia, and Norway), suggesting that immigrants’ children face a
double disadvantage: not only in host-country language acquisition but also in digital skills’
development.

Finally, in all countries children of high-educated parents and parents with high occupational
status show higher performance on the digital reading test relative to their counterparts with
lower educated and less socio-economically advantaged parents. This pronounced social-
background gap in digital reading is almost entirely explained by print reading skills. Overall,
digital reading gaps between social groups are reduced by 80-90% when print reading skills
are modelled, suggesting that social inequality is more pronounced on basic traditional
competences than on new digital competences. However, even if small, residual significant
gaps persist in many countries (Austria, Denmark, France, Hungary, Norway, Poland,
Portugal, Spain, Sweden, Slovenia, Slovakia), suggesting that the “advantage” of children of
more privileged social backgrounds is not always limited to standard competences but also
extends to digital ones.

5. Gaps in navigation skills

After establishing the extent to which gender, migration background and social origins affect
students' digital reading proficiency, this section investigates the role played by the same
characteristics with respect to students’ ability in navigating the web to answer the digital
reading test questions. Figures 2 and 3 show the results obtained with a series of linear
regressions aimed at testing the existence of these gaps on the two indices (overall browsing
activity index and targeted navigation index) net of print reading skills. Results show that
boys clearly outperform girls on the overall browsing activity index, while they underperform
them on the targeted navigation index. This result suggests that boys are more active and
quick in taking action when answering digital reading tasks than girls (“trial and error
approach”) while girls are more reflective and read more carefully before taking action (“think
before clicking approach”). Results are fairly consistent across countries: in a number of
countries, gender differences are not statistically significant, but "opposite" effects are never
detected. In no country do girls show higher browsing activity or lower targeted navigation
than boys.



Figure 2 Overall Browsing Activity Gaps, net of print reading skills (N=24,851)
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for Poland and Hungary because of too small numbers of children of immigrants in the sample.



Figure 3 Targeted Navigation Gaps, net of print reading skills (N=24,851)
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I I I I I I I I I I I I I I I I I
AT  BE DE DK EE ES FR HU IE IT NO PL PT SE Sl SK  TOT

Source: Own elaborations based on PISA-CBA 2012 data and CBA log files.

Note: Linear regression estimates obtained using the five plausible values, the final student weights and the 80
replicate weights. Lines are 95% confidence intervals. All models control for students’ print reading skills.
Observations with missing values on the variables migration background, parental education and ISEI score are
included in the analysis as 'missing category' but not shown. Migration background gap estimates are not shown
for Poland and Hungary because of too small numbers of children of immigrants in the sample.
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In regard to migrant/native differences, evidence is weaker, partly as a consequence of the
small number of observations for students with an immigrant background. If any, a small
advantage of children of immigrants is detected with respect to the targeted navigation index.
But, overall, migrant/native differences in navigation behaviors are close to zero in nearly all
countries.

With respect to the role played by social background, Figures 2 and 3 report substantially
small positive effects of parental education and parental occupation. In many countries,
differences between groups are not significantly different from zero, but when significant,
they always point to a positive association between parental education and parental
occupation on both indices. In none of the considered countries do students from lower
social backgrounds outperform their counterparts from more privileged backgrounds on the
digital skills indices considered. Hence, students from poorer social backgrounds show lower
navigation skills even net of print reading skills.

The digital skills gaps presented in Figures 2 and 3 could be partially related to group
differences with respect to students’ familiarity with ICTs, which could arise as a
consequence of different ages of ICT first exposure, variation in home availability of ICTs, as
well as different patterns and intensity of use of ICTs and the Internet. Table 3 shows a
comparison of several indicators across genders, migration and social backgrounds.

In support of the interpretation of the results presented so far, boys happen to have been
exposed earlier than girls to ICTs: 80% of boys used the computer or the internet before the
age of 9, while only 73% of girls do so. Also, males state that they have more ICT resources
at home and use ICTs for doing homework less frequently than girls while using the Internet
more often for searching information and gaming. All together, these figures support the
hypothesis that boys have more operational skills to use digital resources and this could
account for their higher browsing activity when taking the PISA digital reading tests.
Interestingly, boys also display more negative attitudes towards the use of ICTs in their
education, and this could be reflected in lower performance on the reading test.

Overall weaker differences exist between immigrants' children and native students, although
the former are exposed later to ICTs; use less the Internet for gaming and have more
negative attitudes with respect to the role of ICTs in education. When looking at social
background, a clear and systematic divide comes up, with students from parents with higher
education and occupational status having been exposed earlier to ICTs and living in homes
that are better technologically equipped. Also, they report using ICTs and the Internet more
for doing homework and keeping up to date with news and less for gaming. Furthermore,
they show more positive attitudes towards the use of ICT in education. In sum, it seems that
children of more privileged backgrounds enjoy a technology-richer environment as well as a
family context in which children use less often ICTs in a completely unsupervised way.
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Table 3 Access and use of ICT and the internet and attitudes toward ICTs, by gender,
migration background and social origins

Used ICT Use Internet Limitation
ICT at Home Internet s of the
ICTs S Internet  use for
availability  for use for . Computer
before h 3 hool . ' usefor social |
the age of At home # School-gaming ® o\ a's networks 25 & TOO
9° (%) e related d ad  for School
tasks 2 Learning @
Gender
Females 73 -.04 .02 -54 -.16 -.04 -13
Males .80 .18 -.03 41 .02 -.01 <-.01
Migration background
Natives .78 .06 <.01 -.05 -.06 -.02 -.08
Non natives 73 A1 -.02 -12 -13 -.01 .02
Parental
education
Up to secondary .73 -.05 -.04 -.05 -.10 -.02 -.02
Tertiary .82 .23 .07 -.08 -.02 -.02 -12
Parental occupation
Low ISEI score .76 .04 -.02 -.04 -.09 <-.01 -.03
High ISEI score .83 .21 .08 -.13 .04 -.09 -.18

Source: Own elaborations based on PISA-CBA 2012 data.

Note: Estimates are obtained using the five plausible values, the final student weights and the 80 replicate
weights. Statistically significant differences (p<.05) in bold. Observations with missing values on the
variables migration background, parental education and ISEI score are included in the analysis as 'missing
category' but not shown. 2 Average value of an Index with mean 0 and standard deviation 1 (at the OECD
level). ® The age of nine is chosen for it is a critical period in childhood, when the majority of children make
the transition from “learning to read” to “reading to learn”. ¢ The index measures households’ possession of
different objects such as a desktop or portable computer, an internet connection, a printer, a cell phone,
etc. 9 In France, this information was not collected.

Finally, individual and school-level determinants of students’ development of navigation skills
are jointly investigated by the means of a series of multiple linear regression models
estimated on the pooled set of countries (Table 4). The first model (M1) includes the four
students’ characteristics (i.e., immigrant background, sex, parental education and
occupation). Model 2 (M2) includes ICT access and use indicators examined in Table 3.
Model 3 (M3) includes indicators of the school quality (such as student-teacher ratio and
school average print reading score) and the school’s availability and use of ICTs (such as the
PC-student ratio in the school and an index measuring the intensity to which internet is used
in schoolwork, as reported by school principals). Model 4 (M4) adds individual score in print
reading and the grade attended relative to the country modal grade attended by same-aged
students. To account for factors that vary across countries, all models include country fixed
effects.

The results of Model 1 inform about the fact that boys, migrants and young people from lower
social status have lower navigation skills. This result holds true for both indices, although the
gender gap, in line with what discussed above, is more pronounced on the second one
(targeted navigation skills).
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Table 4 Individual and school level determinants of student navigation skills (N=18,247)

Overall browsing activity Targeted navigation
M1 M2 M3 M4 M1 M2 M3 M4
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.

Non native (ref. native) 285 106 276 104  -076 099 155 100 303 085 297 085  -1.07  0.80 117 o081
Male (ref. female) 193 069 282 070  -196 067 1.62 065 576 071  -611 074  -530 067  -1.66  0.69
High-educated parents (ref. low/medium) ;g5 081  2.89 0.83 100 082 036 08 209 069 208 070 031l 072 032 075
High-ISEI parents (ref. Low) 6.06 0.79 5.81 0.79 2.02 075 001 078 7.08 0.81 6.85 0.80 3.25 0.80 1.23 0.84
Used ICTs before the age of 9 3.02 0.93 1.82 0.90 0.48 0.89 3.30 0.81 2.15 0.80 0.79 0.78
ICT availability at home -1.55 0.43 -1.46 0.41 -0.69 0.40 -0.98 0.41 -0.89 0.36 -0.09 0.35
ICT Use at Home for School-related tasks -0.81 0.47 -1.21 0.41 -0.31 0.37 -0.98 0.40 -1.32 0.35 -0.39 0.32
Internet use for gaming 0.62 0.37 1.28 0.38 1.02 0.36 0.02 038 064 0.37 038 036
Internet use for news 1901 0.41 1.29 0.39 0.43 0.39 1.26 044 065 042 022 041
Internet use for social networks 027 037 005 034 004 032 0.11 034 034 0.34 043 032
Student-teacher ratio 0.04 0.11 0.05 0.12 008 010 006 0.0
PC-student ratio 072 048 065 050 102 059 096 061
Index of internet use in school 010 047 002 045 067 039 056 038
School average print reading score 0.14 0.01 0.04 0.01 0.14 0.01 0.04 0.01
Print reading score 0.11 0.01 0.11 0.00
Grade (relative to country mode) 294 0.65 143 0.56
R-squared 0.07 0.08 0.16 0.24 0.05 0.06 0.13 0.21

Source: Own elaborations based on PISA-CBA 2012 data. Note: Linear regression estimates obtained using the five plausible values, the final student weights and the 80
replicate weights. All models control for country fixed effects. Statistically significant (p <.05) coefficients in bold. Missing information on the use of ICT and the Internet are
dropped. France is entirely dropped from the analysis because of missing information on ICT and internet use questions. Observations with missing values on the variables
migration background, parental education and ISEI score are included in the analysis as 'missing category' but not shown.
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M2 adds individual information on the degree to which pupils have access to (and use) digital
technologies. The inclusion of these variables hardly changes the coefficients estimated with
ML1. If any, a slight—yet statistically insignificant—increase in the gender gap is detected.
This may be explained by the fact that boys have earlier access to ICTs than girls and use
the Internet more often, especially for retrieving information and for gaming-related purposes
(as shown in Table 3). Early access to ICT is indeed strongly and positively correlated with
both indices. Interestingly, the index of home digital equipment is negatively correlated with
both navigation scores, suggesting that once family background is controlled for, the mere
possession of technological devices at home is not conductive of higher digital
competences.*

M3 adds school-level controls. PC-student ratio and Internet use at school do not seem to be
relevant for students’ development of navigation skills, net of individual characteristics.
However, the “quality” of the school attended (measured with the school’s average print
reading score) is positively and significantly correlated with both indices. Hence, students
attending good quality schools are also more likely to exhibit better digital skills. This could
explain the reduction in the social origin and immigrant background gaps and point to the
salience of unequal sorting of students into schools based on ascriptive characteristics or
residential segregation.

M4 adds the individual standard reading score and the relative grade attended. The two
variables, paper reading especially, are strongly and positively associated with the two
indices and the regressions’ goodness of fit (R-squared statistics) improves substantially,
confirming the importance of basic standard skills for developing information skills. The
inclusion of these variables also change the gap estimates of models M1-3. Boys perform
better on the first index and worse on the targeted navigation one and children from more
privileged social backgrounds show no advantage over their counterparts from lower social
strata. Concerning the role of the different ICT uses, the only still significant indicator is the
one related to gaming when considering overall browsing activity. This suggesting that
gaming could increase youths' skills in operating the computer over and beyond standard
competences.

In sum, net of all individual and school factors, only the gender gap persists significant,
confirming boys' higher navigation activity and girls' more focused navigation behavior. In
turn, immigrant- and social background gaps are accounted for by individual and school
characteristics.

6. Discussion and conclusions

Access to information and the possession of the adequate information competence have
become key assets in economic and social life and may give rise to a new source of
stratification in the society. The “knowledge gap” is far from being a new concept (Tichenor,
Donohue, and Olien 1970), but it may achieve increased importance in the digital era
(Bonfadelli 2002). The pervasiveness of digital technology and ICTs has reached
unprecedented levels in human life history. Information is more and more accessible on the
Internet and digital devices. According to most studies, the so called first digital divide (i.e.,
the socioeconomic gap in access to technology) is decreasing and deemed to disappear
alongside the maturation of the digitalization process. Yet, despite the popular assumption
that digitalization and the Internet would lead to an overall and equal increase of knowledge
in the population, recent empirical evidence points to substantial social disparities in how

4 Additional analyses including a quadratic term of the ICT possession index to capture possible
nonlinearities in the relationship with navigation skills partly confirm this interpretation, as the negative
association is only detected at high values of the index. Too much technology around in the home
environment does not translate into better use and higher skills.
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people use new information technologies (the so called second digital divide). Searching,
processing and evaluating information in a digital world requires a new set of skills (i.e.,
information skills). Higher social classes may employ their higher resources and cultural
capital to take more advantage from new technologies and hence achieve faster and better
access to information.

This paper provides a comparative analysis of digital reading and navigation skill gaps
across gender, migration background and social origins in 16 European countries. In addition
to most studies on the topic, it uses objective measures of navigation skills, which allow
investigating both a quantitative measure of browsing behavior and a qualitative index, which
includes an evaluative component in browsing activity. Also, it provide estimates of digital
reading and navigation skills gaps, net of print standard reading competences, which has
rarely been done in the literature, and that provides digital gaps estimates which are less
affected by omitted variable bias.

The novel contribution of this study lies in the finding that the largest part of these digital
reading gaps is due to differences in print reading skills. Hence, inequality in digital reading
competences is strongly attributable to students’ development of standard competences and
not to digital ones. Yet, some significant gaps in digital reading persist across groups even
net of print reading skills and highlight the possible existence of three distinct mechanisms
underlying digital inequality. The case of gender differences is remarkable. Boys
underperform girls on the digital reading test but, when print reading skills are equalized
across genders, their “disadvantage” turns into an “advantage”, suggesting that they are
more proficient than girls with computers and ICTs. Boys do indeed show significantly higher
navigation activity levels than girls, but when considering the quality of navigation, they fall
behind them. The latter result points to the possible existence of gendered approaches to
ICTs and the Internet, with boys being, on average, more “technically” capable to interact
with computers but at the same time being also less focused when navigating; whereas girls
appear to be more reflective. In other words, boys seem to be more prone to a “trial and
error” approach while girls are more keen to a “think, then click” one. These gaps may arise
from the existence of gender differences in ICT familiarity, which this report has documented
on several factors like age of first exposure to ICT, frequency and patterns of use of
computers and the internet, as well as attitudes towards the use of ICT in education.

Digital reading gaps between natives and children of immigrants are close to zero. However,
the fact that migrant/native gaps are smaller when reading tests are digitally administered
rather than on paper leads to the hypothesis that children of immigrants deploy their
navigation skills to compensate, at least partially, for their lower mastery of the host country
language. More studies are needed to shed further light on the factors that produce or
alleviate the reported digital reading gaps across genders, migration- and social
backgrounds.

When considering social background gaps in digital reading, these are strongly attributable to
print reading competences. However, in some countries there is evidence of a small
advantage of children of more privileged social backgrounds that is not limited to standard
competences but that also includes digital ones. Moreover, children of more affluent or more
educated families also show higher navigation skills. Hence, digital skills might represent a
further area of concern for educational inequality, which might cumulate on traditional
aspects.

All together, these results add to the debate on the link between digitalization and
educational inequality. While there is an abundant literature on social inequality with respect
to traditional measures of educational performance (e.g., reading and mathematics skills
above all), our knowledge on the existence of social disparities on digital and information
skills is still scarce. The broader question is whether the widespread use of technology in
teaching and the increased number of competence domains that require an intense use of
ICTs amplify or reduce educational inequalities. Answering to such a question is beyond the
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scope of this paper, but the findings presented here seem to suggest that the answer
depends on the specific source of inequality taken into consideration. When it comes to
gender and migration background gaps, disparities tend to be larger in traditional
competences and less relevant in digital ones. However, when looking at social background
inequality, it seems that the digitalization does not reduce disparities and, if any, it increase
them, pointing to a cumulative effect of traditional and new forms of educational inequality.
More research is needed to investigate further this point as well as to shed light on the
mechanisms underlying the transmission of these skills.
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