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Abstract: This paper contributes to measuring information and communication 
technologies’ (ICT) adoption by students and compares it among different 
countries. A composite index named the students digitalisation index (SDI) is 
built based on the 2018 PISA database and by applying multivariate statistical 
techniques. The index assesses ICT adoption beyond equipment acquisition 
(ICT access) and activities performed by using ICT (ICT use), and includes 
students’ perception of their digital skills and competencies (ICT engagement). 
A digital gap between countries was detected. Statistically significant mean 
differences are observed in terms of type of country, household income, gender, 
grade repetition, and parents’ highest education. There are no other composite 
indexes to compare students’ digitalisation among countries. The SDI index is 
useful to explain the consequences of mass quarantine due to COVID-19 in the 
educational field. Countries with a low SDI are expected to suffer more as they 
are less prepared for virtual education. 

Keywords: digital gap; students’ digitalisation; education; ICT adoption; 
PISA; composite index. 
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1 Introduction 

The ICT role on education has evolved from the relevance of ICT access, to examining 
the ICT type of use and more recently, the perception about the students’ ICT autonomy 
and competences (OECD, 2016). The relevance of these ICT components has become 
evident with the consequences of the pandemic. Education has been roughly 
decentralised into students’ own homes and homeschooling has become a new practice of 
education mediated by technology tools (Williamson et al., 2020). Moreover, many 
parents across countries indicated homeschooling to be a negative experience and 
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differences between countries were generally small (Thorell et al., 2021). In this scenario, 
students from less developed countries are expected to be less prepared to engage in 
online education. This disadvantage position is not only explained by their weak ICT 
access. Their skills or abilities to use ICT are also critical to connect the virtual world; 
and children without those skills will be in a worse position. What will happen with the 
education of children whose parents work outside home during the pandemic? What will 
happen with children without their parents at home and not interested in ICT? Which 
countries will be digitally ready to confront with the consequences of quarantines?. 
Efforts to measure the level of ICT adoption, as an aggregate concept of ICT among 
students, has been done by many international organisms. For instance, PISA has 
included the ICT questionnaire since 2000 and has built some ICT indexes about this 
subject such as the ICT resources at home, ICT resources at school, among others. 
However, the different dimensions related to ICT adoption in education are not yet 
simultaneously considered. 

To measure the digital gap among students at the country level, both first-level and 
second-level gaps should be examined. Most data on ICT adoption refers to availability 
of equipment and devices (PC, internet). However, ICT access is a necessary but not 
sufficient condition to improve education (DiMaggio and Hargittai, 2001). Other 
concerns such as type of ICT uses, whether students use ICT for learning or schooling or 
just for leisure, are also relevant. Besides, the digital skills inherent to each student 
determine their readiness and competences to properly exploit ICT. 

Moreover, inequality of ICT at student level must include other dimension which is 
the ICT engagement. In this vein, we could refer to a third-level digital gap in terms of 
inequalities of ICT engagement, that is, to mainly engage in the ICT usage. This 
dimension considers digital readiness and familiarity with ICT, which depends on 
motivational factors (either external i.e., family or internal, i.e., individual abilities) 
(Juhaňák et al., 2019). 

Recent literature has recognised the critical role of these three components to explain 
the digital gap in education (Chaudron et al., 2018; Hatlevik et al., 2018, 2015; Ryan and 
Deci, 2017). However, there is a lack of a multidimensional international index and of 
studies that explain the digital gap in education by comparing among countries. Which 
are the best and worst positioned countries in terms of students’ digitalisation? Is a proper 
ICT access a sufficient condition for a country to be included in the top of the ranking? 
Although there is no consensus on the benefits of composite indexes, we consider they 
are useful in the educational field to capture attention of more disadvantaged countries 
(and therefore students) and policy makers; especially in times of the pandemic crisis. We 
considered a composite index to be useful to communicate and represent several trends 
and dimensions (Araujo and Pinto da Rocha, 2009). This composite information could be 
suitable for stakeholders and decision makers. Moreover, the controversy in the empirical 
evidence towards the ICT educational outcomes as well as the recent context stricken 
with the pandemic crisis, encourage the study of ICT on education. Some evidence shows 
COVID-19 has increased the digital divide among the students (Mohd Aba Sha’ar et al., 
2023; Guo and Wan, 2022). 

The objective of this paper is building a composite index based on information about 
ICT adoption among students around the world. To achieve this goal, we use PISA 2018 
database for the whole students’ sample. By employing multivariate analysis technique, 
we built the students digitalisation index (SDI). The idea is to remark different and 
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complementary sides of ICT adoption in education in order to describe and compare 
among countries. 

The paper is structured as followed. First of all, a literature revision on the ICT 
incidence on education and ICT effect on the educational performance is presented. Then, 
we explain the relevant factors for a better comprehension of the digital gap in education. 
Moreover, we describe the state of the art on ICT indicators on education for 
international comparison. Next, we built a composite index named SDI based on PISA 
database. Later on, a comparison of SDI means is performed based on different 
independent variables such as type of country, gender, parent’s education, household 
income and grade repetition. We also compare the SDI with other international indexes to 
examine correlation between them. Lastly, final remarks are shared to discuss the 
advantages and disadvantages of the index. 

2 Theoretical framework 

This section begins with a conceptual framework that provides the baselines for the 
selection of the indicators that will be part in the compound index. Due to the multiplicity 
of aspects related to ICT adoption at student level, using simple indicators or variables 
(i.e., internet availability or not, ICT use at school or not) turns the analysis incomplete. 

In the contemporary society, internet access is considered one of the basic human 
rights because of its significance for the development of plenty of human activities 
(United Nations, 2016). Nevertheless, inequality of internet access has become a critical 
barrier to recognising the true impact of IT especially in developing countries (Bradshaw 
et al., 2005). In regions such as Latin America, the digital exclusion is only one of many 
types of exclusions. These environments of high inequality are always steps backwards in 
terms of ICT access and use compared to more developed and equalitarian regions 
(Ullah, 2020; Alderete, 2019; Barrantes Cáceres and Vargas, 2016; Robinson et al., 2015; 
Stewart, 2003). 

While ICT access relates to technology availability, ICT use responds to how and for 
what purposes (Van Deursen and Van Dijk, 2009). Although there is quite consensus 
about the difference between the concepts of ICT access and ICT use, measuring the 
digital divide is not a straightforward issue. The digital divide usually refers to disparity 
in ICT access and/or ICT use at the household or country levels. Therefore, at first place, 
we can distinguish two digital gaps. The first-level digital gap, that represents the divide 
between individuals with and without internet access (NTIA, 1990), and the second-level 
digital gap that focuses on the inequities of internet use. This second gap arises once 
people gain access to internet and it is linked to inequalities in the capacity to properly 
exploit ICT (Robinson et al., 2003; Hargittai, 2003). In this vein, Chen and Wellman 
(2003) had assumed “There is no one digital divide; there are many divides. Indeed, it is 
more accurate to use the plural – digital divides – because the digital divide is 
multifaceted and varies within and between countries, both developed and developing” 
(2003, p.2). 

In the education research field, ICT are considered a critical tool to enhance 
educational outcomes. However, although there is plenty of research on the ICT effect on 
the educational performance, there is still no consensus. Differences arises in terms of the 
ICT variable employed (whether it is ICT access or ICT use), the place of ICT 
availability (at home or at school), the data employed (PISA, TIMMS), among others. 
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During the last decade, many studies have found a positive effect of ICT on education 
(González-Betancor et al., 2021; Fernández-Gutiérrez et al., 2020; Formichella and  
Di Meglio, 2020; Gómez Fernández and Mediavilla, 2018; Mediavilla and Escardíbul, 
2015; Botello and Rincón, 2014; Trucco and Espejo, 2013; Cabras and Tena, 2013; 
Cristia et al., 2012; Tansini and Aguilar, 2011; Jewitt and Parashart, 2011). On the other 
side, other studies have achieved a negative or even null impact of ICT on the educational 
performance (Mora et al., 2018; Santín and Sicilia, 2014; Witte and Rogge, 2014; Muñoz 
and Ortega, 2014; De Melo et al., 2013; Cordero et al., 2012; Malamud and Pop-Eeches, 
2010). 

ICT use, which is one of the dimensions of ICT adoption, can take place in several 
environments and contexts, either in school or out of school. Some recent authors suggest 
that students utilise modern technology more frequently at home than at school (Scherer 
and Hatlevik, 2017; Wastiau et al., 2013). On the other hand, certain evidence shows that 
the positive ICT effects at school (either access or use) on the educational performance 
could be dissipated or even become negative if ICT access at home were not present 
(Alderete et al., 2017; Mediavilla and Escardíbul, 2015; Angrist and Lavy, 2002). A 
possible explanation is that ICT at school without proper educational policies (resources, 
strategies) to attend the initial digital inequalities coming from home, could deepen the 
gap between students (Alderete et al., 2017). These digital inequalities are mainly related 
to digital skills and abilities. 

In fact, one of the critical issues of contemporary society is the development of digital 
literacy and skills (Erstad, 2011; Tsitouridou and Vryzas, 2011; Sefton-Green et al., 
2009; Lankshear and Knobel, 2008). Most literature states that digital literacy can be 
developed as an informal learning process in the home, out of school and among peers 
(Arnseth et al., 2016; Erstad, 2012), beyond the formal learning process at school. In this 
respect, some evidence argues leisure book reading explains the variance in PISA 
Reading scores in Finland (Torppa et al., 2018). 

More importantly, the family background is significantly attached to the students’ 
digital competence (Hatlevik et al., 2018, 2015; Fraillon et al., 2014). ICT access at home 
together with the family background on digital language and experience has been shown 
to be relevant factors for students’ digitalisation (Buckingham, 2006). In fact, Chaudron 
et al. (2018) argue that students use the technology as self-explorers and self-learners 
regardless of their parents many ways to perform the ICT-related activities. In this vein, 
PISA incorporates this approach on the ‘ICT familiarity questionnaire’ in the PISA 2015 
(OECD, 2017a, 2017b; Kuger et al., 2016). By perceived ICT competence it denotes 
students’ tendency to connect digital technology with the skill or ability to use the 
technologies. It resembles a form of evaluation of our own ICT-related skills and 
knowledge, and it is also the basis of many studies (Christoph et al., 2015; Goldhammer 
et al., 2016; Zylka et al., 2015; Aesaert et al., 2015; Litt, 2013). On the other side, 
perceived ICT autonomy shows the perception of control of an individual in terms of ICT 
use and independency in ICT-related activities (Goldhammer et al., 2016) in respect with 
his objectives and interests. 

A large body of research reviewed (Ryan and Deci, 2017; Wehmeyer et al., 2017; Liu 
and Wang, 2016) has demonstrated that digital literacies or skills are positively 
associated with the terms ICT autonomy and competence (Calvani et al., 2012; Erstad, 
2008). Moreover, ICT use has been found to be positively related to ICT competence 
(Hatlevik et al., 2015). This result can have a significant impact not only on the 
development of students’ ICT competence, but also on their autonomy in ICT use. In this 



   

 

   

   
 

   

   

 

   

   320 M.V. Alderete    
 

    
 
 

   

   
 

   

   

 

   

       
 

respect, Juhaňák et al. (2019) offers a review of the literature on the ICT interest, 
competence and autonomy motivational factors. The authors examine the relationship 
between the perceived competence and autonomy in ICT use at the age of fifteen and the 
ICT use at home (both for leisure time activities and for school purposes) and student 
interest in ICT, among others. Based on the results, ICT competence and autonomy are 
mostly due to out-of-school factors. 

Furthermore, a strong positive correlation with ICT use is expected if there is interest 
in ICT. Chen and Hu (2020) obtain a positive relationship between adolescents’ interest 
in ICT and their ICT self-efficacy or competence. On the other side, since ICT interest is 
a strong motivational factor to achieve a higher degree of participation and higher quality 
of the learning process (Ryan and Deci, 2000), students are more prone to develop ICT 
competence and autonomy (Christoph et al., 2015). 

Therefore, ICT interest, ICT competence and autonomy are strongly interrelated. ICT 
competence and ICT autonomy are certainly connected to the skills and abilities of digital 
technology use (Juhaňák et al., 2019). In this respect, Meng et al. (2019) argues that the 
ICT engagement concept is a wider term that involves ICT competence, autonomy and 
interest. The concept was originally defined by Zylka et al. (2015) and later on used by 
PISA. Zylka et al. (2015) provide the theoretical basis of ICT engagement based on the 
motivation and meta-cognition factors. The authors validated an ICT engagement model 
that had five dimensions: Positive ICT self-concept, negative ICT self-concept, social 
exposure to ICT, interest in computers and interest in mobile devices. This ICT 
engagement model was used in the PISA 2015 survey. However, the PISA 2015 ICT 
engagement model embraced only four dimensions: ICT interest, perceived ICT 
competence, perceived autonomy of ICT use, and ICT in social interaction. 

Lastly, Meng et al. (2019) argues ICT engagement as a multidimensional construct 
has been examined as an explanatory factor of students’ achievement. However, since 
researchers have used single or individual aspects or dimensions of the term, they have 
obtained mixed results (Skryabin et al., 2015; Cheema and Zhang, 2013; Lee and Wu, 
2012). While the first two papers find a positive effect, the other two obtain a negative 
one. See Odell et al. (2020) for an extensive revision of the soft predictors of educational 
outcomes. 

3 Methodology 

A composite index is built based on simple indicators or variables that are selected on 
behalf of the theoretical models described in the previous section. The index should 
measure multidimensional factors that cannot be considered under a single indicator 
(OCDE, 2008). On the other side, this composite index takes as a methodological 
framework the ICT development index (IDI) from the International Telecommunication 
Union (ITU). The IDI has been annually published between 2009 and 2017 to stablish a 
benchmark framework of the ICT development at country level. The IDI compares 
among countries and different time periods. The last published version of IDI is based on 
three weighted sub- indexes: Access, Use and ICT skills (ITU, 2017). Nowadays, the IDI 
is under methodological revision and therefore, it is not been published since 2017  
(ITU, 2019). This study, on the contrary, takes the 15-year old students in each country 
tested by PISA as the unit of analysis. 
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By using the factorial analysis technique, we can identify a relatively small number of 
factors from a set of interrelated variables. This analysis provides information to group 
the set of variables into a small number of feasible factors with a clear meaning and 
precise sense. Principal Components Analysis (PCA) is a multivariate statistics technique 
which is mainly descriptive. The method entails a linear combination of all the original 
indicators so that the first principal component is a combination that explains most of the 
sample variance. The second component explains the second largest percentage of the 
cumulative variance, and so on. Besides, the first component is uncorrelated with the 
second component, and so forth. Some requirements to apply the PCA technique are: 

a continuity of variables 

b the number of individuals or cases must be larger than the number of original 
variables. 

Based on PISA 2018 database, especially from the ICT familiarity questionnaire, we 
proceed to search for indicators of ICT adoption. PISA offers information about the 
following variables: 

1 ICTHOME: is an index that represents the availability of ICT at home and if students 
used it for various purposes. 

2 ICTSCH: is an index about the availability of ICT at school. 

3 ENTUSE (leisure activities): is an index about how often digital devices are used 
outside of school for leisure activities. 

4 HOMESCH (for school work outside of school): is an index about how often digital 
devices are used outside of school for school work outside of school. 

5 USESCH (use of ICT at school): is an index about how often digital devices are used 
at school. 

6 INTICT: is and index of students’ ICT interest. 

7 COMPICT: is an index of the perceived competence in ICT usage. 

8 AUTICT: is an index of the perceived autonomy related to ICT usage. 

9 ICTCLASS: s an index of the related use of digital devices during classroom lessons. 

10 ICTOUTSIDE: is an index of the subject-related use of digital devices outside of 
classroom lessons. 

11 SOIAICT: is an index of the degree to which ICT is a part of their daily social life. 

12 ICTRES: this index is based on the student questionnaire. Students reported on the 
availability of 16 household items at their home. PISA built an index on the 
availability of digital devices at home (computer, tablet, e-book, cell phones) 

Based on these indexes, we decide to build a multidimensional index, a latent variable of 
student digitalisation, instead of using PISA’s ICT indexes separately. The idea is to 
remark different and complementary sides of ICT adoption in education: the role of 
access (captured by the availability of ICT resources, devices, connectivity), the role of 
usage (with the different uses of ICT inside and outside school), and the role of 
engagement (related to digital skills and competences). 
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4 Results 

4.1 Building the SDI 

By means of PISA’s ICT individual variables, we build a set of factors or indicators 
through factorial analysis. To test the adequacy of the factorial analysis we observe the 
Kaiser-Meyer-Olkin (KMO) measure and the Barlett test. KMO is a Measure of 
Sampling Adequacy that takes values between 0 and 1, and values nearby 1 are better. A 
minimum threshold for KMO is 0.6. In this case, the measure is 0.716; then we consider 
the factorial analysis to be adequate. On the other side, the Bartlett’s test of sphericity 
tests the null hypothesis that the correlation matrix is an identity matrix. Results from 
Table 1 show we can reject this null hypothesis. Then we consider the Factorial Analysis 
to be useful with the data. 
Table 1 KMO and Bartlett test 

Kaiser-Meyer-Olkin measure of sampling adequacy 0.716 
Bartlett’s test of sphericity Approx. chi-square 67,6730.103 
 Df 45 
 Sig. 0.000 

Source: Own elaboration 

Table 2 Communalities (first step) 

Variables Initial Extraction 
1 ICT as a topic in social interaction (SOIAICT) 1.000 0.564 
2 Perceived autonomy related to ICT use AUTICT 1.000 0.663 
3 Perceived ICT competence COMPICT 1.000 0.670 
4 Subject-related ICT use during lessons ICTCLASS 1.000 0.453 
5 Subject-related ICT use outside of lessons ICTOUTSIDE 1.000 0.495 
6 Use of ICT at school in general USESCH 1.000 0.612 
7 Use of ICT outside of school (for school work activities) HOMESCH 1.000 0.587 
8 ICT use outside of school (leisure) ENTUSE 1.000 0.414 
9 Interest in ICT INTICT 1.000 0.539 
10 ICT available at home ICTHOME 1.000 0.778 
11 ICT available at school ICTSCH 1.000 0.434 
12 ICT resources ICTRES 1.000 0.735 

Note: Extraction method: principal components analysis 
Source: Own elaboration based on PISA 2018 

Table 2 shows the initial variables included to build the index. Since variables ICTSCH 
and ENTUSE have communalities lower than 0.5 (we approximate values higher than 
0.45 by 0.5), we excluded them from the analysis. Values lower than 0.5 indicate that 
these variables can be extracted to describe the components as shown in Table 2. 

In a second step, once we exclude the non-significant variables for FA, we obtain 
communalities in Table 3. In this case, all variables are higher than 0.5. The common 
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factor variances of the ten variables are all greater than 0.5 which indicates that these 
variables can be extracted to describe the components as shown in Table 4. 
Table 3 Communalities (second step) 

  Initial Extraction 
1 Perceived autonomy related to ICT use 1 000 0 687 
2 Perceived ICT competence 1 000 0 706 
3 Subject-related ICT use during lessons 1 000 0 489 
4 Subject-related ICT use outside of lessons 1 000 0 542 
5 Use of ICT at school in general 1 000 0 606 
6 Use of ICT outside of school (for school work activities) 1 000 0 552 
7 Interest in ICT 1 000 0 541 
8 ICT available at home 1 000 0 785 
9 ICT resources 1 000 0 811 
10 ICT as a topic in social interaction 1 000 0 596 

Note: Extraction method: principal components analysis 
Source: Own elaboration based on PISA 2018 

When applying the principal components analysis, we obtain the results in Table 4. This 
table comprises the eigenvalue values for each factor, the proportion of variance 
explained by each extracted factor and the proportion of cumulative variance explained 
by all extracted factors. 

For component 1, the eigenvalue is 3,231; for component 2 is 1,696; and for 
component 3 is 1,389. Therefore, we explain the 10 ICT variables by means of three 
fictitious variables explaining 63,15% of total variance through the PCA technique. 

Table 5 contains the component loadings of each variable over each of the 
components obtained through the CPA. The ten variables can be explained by means of 
three fictitious variables, which are explained by the bold variables. We interpret these 
latent factors as: 

• Component 1: ICT engagement. 

• Component 2: ICT use. 

• Component 3: ICT access. 

Therefore, the SDI can be expressed as a linear combination of these three extracted 
components. Since these components have divergent values, from positive to negative 
ones, their linear combination has also divergent values. Then, we normalise the result to 
obtain a scalar from 0 to 1, using the following formulae: 

SDI CP1 (%CP1 variance/%cumulative variance)
 CP2K (%CP2 variance/ % cumulative variance) 
  + CP3*(% CP3 variance/% cumulative variance)

= ∗
+ ∗  (1) 

where CPI means component i; i = 1, 2 or 3. 

SDI 0.41 Engagement 0.33 Use 0.26 Access= ∗ + ∗ + ∗  (2) 
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Table 4 Total variance explained 
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Table 5 Rotated matrix 

  Component 
  1 2 3 
1 Perceived autonomy related to ICT use 0.820 0.008 0.119 
2 Perceived ICT competence 0.823 0.126 0.112 
3 Subject-related ICT use during lessons –0.067 0.680 0.147 
4 Subject-related ICT use outside of lessons 0.021 0.734 0.056 
5 Use of ICT at school in general 0.214 0.745 0.069 
6 Use of ICT outside of school (for school work activities) 0.312 0.674 0.015 
7 Interest in ICT 0.728 0.064 0.085 
8 ICT available at home 0.077 0.126 0.873 
9 ICT resources 0.098 0.100 0.889 
10 ICT as a topic in social interaction 0.742 0.200 –0.074 

Notes: Extraction method: components principal analysis. Rotation method: varimax with 
kaiser normalisation. 
Rotation has converged in 5 iterations. 

Source: Own elaboration 

4.2 Exploratory analysis 

In this section we pretend to determine the average SDI and average subcomponents by 
country, to analyse the best and worst positioned countries. Besides, we provide 
information about the human development index (HDI) category of each country, from 
medium (M) to high (H) and very high (VH). 
Table 6 Average SDI by country 

 Country HDI Mean N Standard dev 
1 Denmark VH 0.5861 42396 0.08999 
2 Australia VH 0.5645 171152 0.10198 
3 Sweden VH 0.5603 69114 0.10323 
4 New Zealand VH 0.5433 40226 0.09912 
5 USA VH 0.5371 2999760 0.10574 
6 UK VH 0.5350 400741 0.09503 
7 Iceland VH 0.5314 2678 0.10266 
8 Malta VH 0.5304 2836 0.09902 
9 Moscow Region (RUS) VH 0.5219 53305 0.11405 
10 Singapore VH 0.5151 41282 0.10103 
11 Tatarstan (RUS) VH 0.5148 27074 0.10519 
12 France VH 0.5133 563438 0.09900 
13 Poland VH 0.5125 264125 0.09643 
14 Spain VH 0.5121 270879 0.09583 

Source: Own elaboration based on PISA 
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Table 6 Average SDI by country (continued) 

 Country HDI Mean N Standard dev 
15 Lithuania VH 0.5116 18907 0.10834 
16 Russian Federation VH 0.5115 999999 0.11163 
17 Italy VH 0.5056 363189 0.09509 
18 Finland VH 0.5049 44535 0.09217 
19 Bulgaria VH 0.5020 26295 0.12115 
20 Latvia VH 0.5006 13074 0.09268 
21 Luxembourg VH 0.4991 4378 0.10341 
22 Belgium VH 0.4988 81657 0.09099 
23 Israel VH 0.4981 70001 0.11238 
24 Kazakhstan VH 0.4975 161259 0.10766 
25 Estonia VH 0.4974 10021 0.09220 
26 Ireland VH 0.4946 45691 0.09282 
27 Macao VH 0.4932 3670 0.08915 
28 Switzerland VH 0.4927 54108 0.09697 
29 Brunei Darussalam VH 0.4900 4900 0.09349 
30 Croatia VH 0.4889 28913 0.10764 
31 Chile VH 0.4889 135660 0.11088 
32 Hong Kong VH 0.4869 45277 0.09830 
33 Thailand H 0.4864 513856 0.10642 
34 Slovak Republic VH 0.4863 32529 0.09855 
35 Hungary VH 0.4855 71141 0.10229 
36 Slovenia VH 0.4848 13267 0.09756 
37 Uruguay VH 0.4835 18556 0.10864 
38 Greece VH 0.4831 74531 0.10411 
39 Serbia VH 0.4811 36223 0.11553 
40 Albania H 0.4796 24301 0.12207 
41 Costa Rica VH 0.4744 35859 0.12229 
42 Czech Republic VH 0.4736 65064 0.09762 
43 Panama VH 0.4705 13079 0.12201 
44 Mexico H 0.4646 849664 0.12040 
45 Chinese Taipei H 0.4646 212545 0.10325 
46 Brazil H 0.4629 1024400 0.12019 
47 Turkey VH 0.4568 786693 0.12009 
48 Dominican Republic H 0.4494 73300 0.13389 
49 South Korea VH 0.4471 426718 0.10453 
50 Georgia VH 0.4414 20627 0.11251 
51 Morocco M 0.4268 176981 0.12350 
52 Japan VH 0.3812 1020698 0.10389 
 Total  0.4910 12550573 0.11764 

Source: Own elaboration based on PISA 
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The fifth best-positioned countries are Denmark, Australia, Sweden, New Zealand and 
USA. On the other side, Chile is the Latin American best-positioned country in the 
ranking, with a SDI of 0.4889 slightly below the average SDI worldwide of 0.4910. All 
Latin American countries are below the worldwide average. Moreover, most of countries 
included by PISA are from a very high HDI, except for a few cases. Countries at the 
bottom of SDI correspond to the categories High and Medium in the HDI. The average 
SDI for very high HDI countries is higher (0.5048) than for high (0.4817) or medium 
(0.4564) HDI countries; and these differences are statistically significant. 

Table 7 summarises the descriptive statistics of the overall SDI and subcomponents. 
We observe that the ICT access subcomponent has an average value (0.5532) higher than 
the ICT engagement (0.5335) and ICT use (0.4067) subcomponents, respectively. 
Table 7 Descriptive statistics of SDI and subcomponents 

 N Min Max Mean St. dev. 
Engagement 12550573 0.00 1.00 0.5335 0.13633 
Use 12550573 0.00 1.00 0.4067 0.14002 
Access 12550573 0.00 1.00 0.5532 0.13513 
SDI 12550573 0.00 1.00 0.4910 0.11764 

Source: Own elaboration based on PISA 2018 

4.3 Analysis of SDI subcomponents 

In this section, we share the subcomponents’ values obtained for each country for a better 
interpretation of the overall SDI. Table 8 lists the subcomponents values by country. 
Table 8 Average SDI subcomponents by country 

Country Engagement Use Access 
Albania 0.5482 0.4136 0.4923 
Australia 0.5373 0.4773 0.6515 
Belgium 0.5395 0.3506 0.6328 
Brazil 0.5680 0.3727 0.4682 
Brunei Darussalam 0.5506 0.3616 0.5792 
Bulgaria 0.5099 0.4495 0.5664 
Chile 0.5465 0.4112 0.5222 
Chinese Taipei 0.5584 0.3220 0.5497 
Costa Rica 0.5522 0.4178 0.4676 
Croatia 0.5646 0.3630 0.5529 
Czech Republic 0.5107 0.3731 0.5850 
Denmark 0.5160 0.5390 0.6651 
Dominican Republic 0.5586 0.3931 0.4229 
Estonia 0.5260 0.3994 0.5906 
Finland 0.5385 0.3830 0.6107 

Source: Own elaboration based on PISA 2018 
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Table 8 Average SDI subcomponents by country (continued) 

Country Engagement Use Access 
France 0.5773 0.3636 0.5955 
Georgia 0.5088 0.3694 0.5089 
Greece 0.5518 0.3558 0.5667 
Hong Kong 0.5619 0.3599 0.5557 
Hungary 0.5354 0.3739 0.5763 
Iceland 0.5339 0.4253 0.6347 
Ireland 0.5613 0.3171 0.6290 
Israel 0.5328 0.3739 0.6130 
Italy 0.5270 0.4120 0.5950 
Japan 0.4741 0.2354 0.5714 
Kazakhstan 0.5188 0.4779 0.5059 
South Korea 0.5011 0.3484 0.5617 
Latvia 0.5274 0.4248 0.5656 
Lithuania 0.5433 0.4244 0.5697 
Luxembourg 0.5349 0.3548 0.6358 
Macao 0.5501 0.3853 0.5594 
Malta 0.5801 0.3604 0.6393 
Mexico 0.5403 0.4278 0.4484 
Morocco 0.5387 0.3728 0.4201 
Moscow Region (RUS) 0.5237 0.4596 0.5841 
New Zealand 0.5371 0.4591 0.6192 
Panama 0.5615 0.4019 0.4623 
Poland 0.5330 0.4144 0.6005 
Russian Federation 0.5237 0.4593 0.5574 
Serbia 0.5387 0.3792 0.5531 
Singapore 0.5718 0.3837 0.5843 
Slovak Republic 0.4955 0.4154 0.5898 
Slovenia 0.5281 0.3712 0.5892 
Spain 0.5597 0.3716 0.6102 
Sweden 0.5406 0.4768 0.6361 
Switzerland 0.5369 0.3472 0.6252 
Tatarstan (RUS) 0.5157 0.4836 0.5488 
Thailand 0.5396 0.4965 0.4220 
Turkey 0.5264 0.4182 0.4618 
UK 0.5569 0.3989 0.6404 
USA 0.5318 0.4580 0.6126 
Uruguay 0.5393 0.4239 0.5037 
Total 0.5335 0.4067 0.5532 

Source: Own elaboration based on PISA 2018 

Table 9 synthetises information obtained. The best positioned countries in terms of SDI 
are Denmark, Australia, Sweden, New Zealand and USA. Denmark best position is 



   

 

   

   
 

   

   

 

   

    Assessing the students’ digitalisation at country level 329    
 

    
 
 

   

   
 

   

   

 

   

       
 

mainly explained by its best position in ICT access and Use. However, the country loses 
position in terms of engagement. Brazil is the only Latin American country among the 
top of the ranking in respect to ICT engagement. 
Table 9 Best and worst positioned countries by subcomponent and SDI 

 ICT access ICT use ICT engagement SDI 
Best  
positioned 

Denmark Denmark Malta Denmark 
Australia Thailand France Australia 

UK Tatarstan (RUS) Singapore Sweden 
Malta Kazakhstan Brazil New Zealand 

Sweden Australia Croatia USA 
Worst  
positioned 

Turkey South Korea Bulgaria Dominican Republic 
Mexico Switzerland Georgia South Korea 

Dominican Republic Chinese Taipei South Korea Georgia 
Thailand Ireland Slovak Republic Morocco 
Morocco Japan Japan Japan 

Source: Own elaboration 

On the other side, the worst positioned countries in terms of SDI are Dominic Republic, 
South Korea, Georgia, Morocco and Japan. Mexico locates among the worst  
Latin-American countries in ICT access. Moreover, Japan’s worst place is explained by 
its weak position in terms of ICT use and engagement. Japan’s SDI ranking differs with 
other international indexes on ICT development, such as IDI. The IDI 2017 ranking for 
Japan is much better than SDI; Japan is placed among the tenth best IDI positioned 
countries. South Korea is also in a weak position either because of the ICT use and the 
ICT engagement. This result confirms Kim et al.’s (2020) findings about the weak digital 
literacy education in South Korea compared to other OECD countries. This contemporary 
scene is opposed to the mid-90s, when the Korean government set about strategic 
planning to position South Korea among the best knowledge societies (OECD, 2014). 
Based on this information, we can expect the consequences of the quarantine due to covid 
will be worse for students and parents from these countries. There are recent articles that 
explain the disparities caused by covid in the educational system of these countries 
[Iwabuchi et al., (2022) for Japan; Tinmaz and Öztürk (2020) for South Korea; Mounjid 
et al. (2021) for Morocco]. 

4.4 Sensitivity analysis 

The SDI was found to be robust in respect to applying different methodologies of 
weighting, such as: 

1 equal weighting of the subcomponents 

2 assign weights equal to the inverse of the standard deviation of the subcomponents 

3 without weighting of the subcomponents. 

When we apply any of the methodologies listed, we obtain the same ranking for the best 
and worst positioned countries. In the middle, there are just marginal changes on 
countries rankings1. In respect to the worst positioned countries, South Korea is better 
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positioned with these methodologies than with the original one (Table 8) and, therefore, 
Turkey becomes worse and is included in the set of worst positioned countries. 

To sum up, changes in methodology do not alter the ranking of the best positioned 
countries, and there are just marginal changes in the rest of the countries. Table 10 brings 
information about the descriptive statistics of the alternative methodologies. 
Table 10 Descriptive Statistics of SDI with different methodology 

Types of indexes N Min Max Mean St. dev. 
1 SDI_equal_weighting 12550573 0.16 0.84 0.4928 0.07841 
2 SDI_inverse_weighting 12550573 3.52 18.50 10.9086 1.73146 
3 SDI_without_weighting 12550573 0.48 2.54 1.4935 0.23759 

Source: Own elaboration 

4.5 Correlation between IDI, NRI and SDI 

We can compared the SDI with other international indexes at country level related to the 
ICT topic, such as the ICT development index (IDI) and the network readiness index 
(NRI). 

The IDI is a composite index about the access and use of ICTs for households and 
individuals (while SDI is for students). The index, which is published by ITU, is based on 
indicators grouped by three sub-indices: access, usage and skills. Access refers to 
availability of ICT infrastructure and individuals’ access to basic ICT. Usage captures 
ICT intensity and use. The subcomponent ‘ICT skills’ includes data on gross secondary 
and tertiary enrolment ratios (ITU, 2017). 
Table 11 Correlation matrix 

  IDI SDI NRI 
IDI Pearson correlation 1 0.569** 0.912** 

Sig. (bilateral)  0.000 0.000 
N 48 48 46 

SDI Pearson correlation 0.569** 1 0.596** 
Sig. (bilateral) 0.000  0.000 

N 48 52 47 
NRI Pearson correlation 0.912** 0.596** 1 

Sig. (bilateral) 0.000 0.000  
N 46 47 47 

Notes: **Correlation is significant at 1% level (bilateral) 
Source: Own elaboration 

On the other side, the NRI is a composite index that has been constructed on the basis of 
a multi-dimensional concept of ICT impact. The index was built by a group of experts at 
the World Economic Forum (WEF). The index is compound of different levels. The first 
level entails four pillars that represent the main dimensions of network readiness: 
technology, people, governance, and impact (Portulans Institute, 2019). 
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Analysis of the correlation between the SDI and IDI suggests that students’ 
digitalisation is significantly related with countries ICT development level. In other 
words, students ICT adoption is linearly related with countries ICT development level. 
Since correlation is positive, IDI increases as SDI increases. Same results arise when  
we correlate SDI with the NRI, students ICT adoption is highly correlated with the 
network-based readiness of each country. 

4.6 Relationship between SDI and some PISA’s variables 

In this section we compare the average SDI by type of country, whether the country 
belongs to OECD or not, students’ gender, grade repetition, parents education and annual 
household income. Students from OECD countries have a higher SDI than non-OECD 
countries. This SDI difference is statically significant based on ANOVA (Table 12). The 
average SDI in OECD countries is higher than in non-OECD countries. Then, we reject 
the hypothesis that the average SDI is equal. 
Table 12 Average SDI by PISA’s variables 

PISA variables Mean N St. dev ANOVA 
OECD country Yes 0.4942 9006035 0.11791 F = 23,562.01*** 

No 0.4829 3544538 0.11655 
Total 0.4910 12550573 0.11764 

Gender Male 0.5048 6212468 0.12253 F = 171,403.01*** 
Female 0.4775 6338105 0.11099 
Total 0.4910 12550573 0.11764 

Repetition Did not repeat a grade 0.5038 10389572 0.11171 F = 79,856.19*** 
Repeated a grade 0.4718 1108053 0.12771 

Total 0.5007 11497625 0.11374 
Highest  
education of  
parents  
(ISCED) 

None 0.4037 141702 0.12372 F = 103,336.38*** 
ISCED 1 0.4213 446055 0.11711 
ISCED 2 0.4558 1025454 0.11423 

ISCED 3B. C 0.4745 460615 0.11353 
ISCED 3A. ISCED 4 0.4770 2763263 0.11645 

ISCED 5B 0.4892 1936184 0.11368 
ISCED 5A. 6 0.5139 5673256 0.11403 

Total 0.4911 12446529 0.11756 
Annual  
household  
income 

Less than $A 0.4433 1018524 0.11877 F = 13,357.22*** 
$A or more but less than $B 0.4682 444978 0.11057 
$B or more but less than $C 0.4830 207546 0.11159 
$C or more but less than $D 0.4795 142252 0.10532 
$D or more but less than $E 0.4832 130771 0.11249 

$E or more 0.4943 297600 0.11111 
Total 0.4633 2241670 0.11602 

Note: ***Statistically significant at 1% level 
Source: Own elaboration based on PISA 2018 



   

 

   

   
 

   

   

 

   

   332 M.V. Alderete    
 

    
 
 

   

   
 

   

   

 

   

       
 

In respect to gender, male students achieve a higher SDI than female on average. This 
difference of means is also significant at a 1% level. In terms of grade repetition, the 
mean SDI is significantly higher in students that did not repeat a grade than in students 
that repeated a grade. When we analyse the parents’ education variable, we observe that 
the higher the education level, the higher the average SDI achieved is. Being this 
difference statistically significant based on ANOVA. Lastly, we study the relationship 
between SDI and the average household income. Results show that the higher the 
household income, the higher the SDI level is. 

5 Discussion 

The SDI is aligned with the literature on the subject that recognises the key role the three 
subcomponents (ICT access, ICT use and ICT engagement) played to better understand 
the digital gap in education (Juhaňák et al., 2019; Chaudron et al., 2018; Hatlevik et al., 
2018). Countries below the average SDI are from developing countries, especially Latin 
American countries. This finding indorses the differences in terms of ICT access and use 
between more developed and equalitarian regions and LA unequal environment (Ullah, 
2020; Author, 2019; Barrantes Cáceres and Vargas, 2016). 

It is worth noting that ICT engagement is the second best subcomponent after ICT use 
in terms of communalities (Table 3) and average values (Table 7). These results confirm 
the relevance of the motivational factors to achieve familiarity with ICT, and therefore 
digital readiness (Juhaňák et al., 2019). Moreover, this subcomponent mainly explains the 
worse position of South Korea compared to other OECD countries and corroborates Kim 
et al. (2020) about the weak digital literacy education in that country. 

In respect to methodology, the decision to name the PCA first component as ICT 
engagement emerges from the significance of the ´Perceived autonomy related to ICT 
use´, ´Perceived ICT competence´ and ‘Interest in ICT´ items. As it is explained in the 
theoretical framework, they are relevant to define the concept of ICT engagement  
(Meng et al., 2019; Zylka et al., 2015). From an empirical perspective, their linkage is 
based on the argument that digital skills are positively related with the ICT autonomy and 
competence (Ryan and Deci, 2017; Wehmeyer et al., 2017; Liu and Wang, 2016) and 
ICT interest (Chen and Hu, 2020). 

SDI can easily be replicated for further years because the methodology and data 
source used are transparent and replicable. Although the SDI is based on data from 2018, 
the methodology applied to build the index could be replicated to more recent years. In 
fact, since the SDI was found to be robust in respect to applying different methodologies 
of weighting, we can suppose that using equation (2) as a baseline expression of the SDI 
formulae could be acceptable. 

Moreover, due to the COVID-19 pandemic we can suppose that the ICT use 
subcomponent will be overestimated. During those years of covid social distancing, 
students needed ICT for schooling and learning at home. Moreover, ICT access at home 
emerged as the main reason for explaining the digital gap between students who could 
access and those who could not (Mohd Aba Sha’ar et al., 2023; Guo and Wan, 2022). 
These digital gap was likely wider in developing countries where students could not 
assist to schools (caused by covid quarantine, social isolation), and therefore could not 
have access to ICT at school. On the other side, ICT autonomy and competence could 
become a critical barrier for students without digital skills. 
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6 Conclusions 

The main objectives of this paper are to measure students’ digitalisation at the country 
level and compare it by discussing the key factors involved in the definition of students’ 
digitalisation. Although literature has explored the ICT adoption among students, there is 
a lack of a multidimensional index. In this respect, it is of concern if perception factors 
should be considered for assessing the digitalisation level of a student. 

This paper proposes a composite index of student digitalisation named SDI. A 
factorial analysis based on PISA database for 2018 was conducted to build the SDI. The 
SDI synthetises students’ information about ICT access (devices and connectivity, either 
available at home or at school), ICT use (internet frequency of use), and ICT engagement 
(students perception based on their experience with ICT); thus, overcoming the available 
PISA indexes. Results show that the index is robust to changes in the methodology of 
weighting. Best positioned countries are developed countries. Besides, the study observes 
there is a significant correlation between SDI and some international ICT indexes at 
country level such as the IDI and NRI. 

From the explanatory analysis, the SDI is described and compared in relation to some 
variables such as being an OECD country, household income, gender, grade repetition, 
and parents’ highest educational level. As a result, the average SDI achieves a higher 
value if data corresponds to an OECD country, if students are male, if the student has not 
repeated any grade. Moreover, the higher the household income or the parents’ 
educational level is, the higher the SDI will be. 

As any composite index, SDI has the advantage of synthetising the complex 
information the students digitalisation concept entails. In fact, different and 
complementary sides of ICT adoption in education are included in a single index in order 
to describe and compare among countries. Without a composite index, comparison 
among countries in the digital divide will be more difficult. Moreover, the use of indexes 
is useful for a country to offer a basis for enhanced internal performance. At the moment, 
we have not find any research building a student digitalisation index based on PISA data. 

The SDI provides information as a policy tool in encouraging students’ digitalisation. 
Countries with a low SDI level should develop strategies to enhance their position. The 
subcomponents levels (Access, Use and Engagement) bring information to a country 
about the explanatory factors of the SDI level. Since the SDI adds objective and 
subjective data, we consider this composite index to be a complete measure of students´ 
digitalisation. Countries at the bottom of the ranking could examine the profile and 
policies applied in countries at the top of the ranking. Measuring students’ digitalisation 
is also needed to improve their performance to ensure adequate funding and grants for 
ICT in education. The worst positioned countries in terms of SDI are Dominic Republic, 
South Korea, Georgia, Morocco and Japan. Based on this information, we can expect the 
consequences of the quarantine due to covid will be worse for students and parents from 
these countries. 

The proposed index does not pretend to criticise PISA’s methodology. On the 
contrary, the index uses PISA database to build complementary information that could be 
useful for assessing public policy at the country level. By only looking at the existent 
sub-indexes, which are applied to different subjects (students, households, and schools) 
would make the description and comparison among countries a difficult task. Moreover, 
the index is useful to explain the consequences in the educational field of mass quarantine 
due to the covid. Less developed countries in terms of students’ digitalisation are 
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expected to suffer more as they are less prepared to engage in online education. This 
disadvantage position is not only explained by their weak ICT access. Students’ tendency 
to connect digital technology also depends on the skill or ability to use the technologies. 
Children without those skills are also in a worse position, and this situation gets worse if 
their parents work outside home during the pandemic. 

Some of the limitations of the paper are linked to the disadvantages of using 
composite indexes such as the problems of interpreting and failure to know the distinct 
contribution of each component. Moreover, there are many different weighting methods 
that could be used to build the index. 

To conclude, the SDI could be a foundation for an appropriate framework for ranking 
different countries based on the students’ digitalisation. SDI is based on multiple 
indicators and is not affected by any expert opinion or subjective bias. In this sense, the 
obtained results could be easily utilised for decision making not only of government but 
also other stakeholders as technological companies. 

References 
Aesaert, K., Van Nijlen, D., Vanderlinde, R., Tondeur, J., Devlieger, I. and van Braak, J. (2015) 

‘The contribution of pupil, classroom and school level characteristics to primary school 
pupils’ ICT competences: a performance-based approach’, Computers & Education, Vol. 7, 
pp.55–69. 

Alderete, M.V. (2019) ‘Examining the drivers of internet use among the poor: the case of Bahía 
Blanca city in Argentina’, Technology in Society, Vol. 59, p.101179.  

Alderete, M.V., Di Meglio, G. and Formichella, M.M. (2017) ‘Acceso a las TIC y rendimiento 
educativo: ¿una relación potenciada por su uso? Un análisis para España’, Revista de 
educación, Vol. 377, pp.54–81. 

Angrist, J. and Lavy, V. (2002) ‘New evidence on classroom computers and pupil learning’,  
The Economic Journal, Vol. 112, No. 482, pp.735–765. 

Araujo, E. and Pinto da Rocha, E. (2009) ‘Trajetória da Sociedade da Informação no Brasil: 
Proposta de Mensuração por Meio de um Indicador Sintético’, Ciencia da Informacao,  
Vol. 38, No. 3, pp.9–20. 

Arnseth, H.C., Erstad, O., Juhaňák, L. and Zounek, J. (2016) ‘Pedagogika a nové výzvy výzkumu 
ICT: Role digitálních technologií v každodenním životě a učení mládeže [Pedagogy and new 
challenges in ICT research: on the role of digital technologies in everyday life and youth 
learning]’, Studia Paedagogica, Vol. 21, pp.87–110, https://doi.org/10.5817/SP2016-1-5. 

Barrantes Cáceres, R. and Vargas, E. (2016) ‘Detrás de las diferencias en la Riqueza Informacional: 
Análisis del acceso y la apropiación diferenciada de Internet en tres metrópolis de LAC’, CPR 
LATAM Conference, México, 22–23 June 2016 in conjunction with CLT2016. 

Botello, A.L.H. and Rincón, G.A. (2014) ‘La influencia de las TIC en el desempeño académico de 
los estudiantes en América Latina: Evidencia de la prueba PISA 2012’, Revista Academia y 
Virtualidad, Vol. 7, No. 2, pp.15–26. 

Bradshaw, Y., Fallon, K.M. and Viterna, J. (2005) ‘Writing the world: access to information 
technology and development in poor countries’, Research in Social Stratification and 
Mobility, Vol. 23, pp.369–392. 

Buckingham, D. (2006), ‘Defining digital literacy’, Nordic Journal of Digital Literacy, Vol. 4,  
No. 1, pp.263–276. 

Cabras, S. and Tena, J. (2013) ‘Estimación del efecto causal del uso de ordenadores en los 
resultados de los estudiantes en el test PISA 2012’, in INEE (Ed.): PISA 2012: Programa para 
la evaluación internacional de los alumnos. Informe español, Volume II: Análisis secundario 
(Madrid, INEE), pp.67–87. 



   

 

   

   
 

   

   

 

   

    Assessing the students’ digitalisation at country level 335    
 

    
 
 

   

   
 

   

   

 

   

       
 

Calvani, A., Fini, A., Ranieri, M. and Picci, P. (2012), ‘Are young generations in secondary school 
digitally competent? A study on Italian teenagers’, Computers & Education, Vol. 58,  
pp.797–807. 

Chaudron, S., Di Gioia, R. and Gemo, M. (2018) ‘Young Children (0–8) and Digital Technology:  
A Qualitative Study Across Europe, Publications Office of the European Union, Luxembourg. 

Chen, W. and Wellman, B. (2003) Charting Digital Divides: Comparing Socioeconomic, Gender, 
Life Stage, and Rural-Urban Internet Access and Use in Eight Countries, Centre for Urban 
and Community Studies, University of Toronto, Toronto. 

Chen, X. and Hu, J. (2020) ‘ICT-related behavioral factors mediate the relationship between 
adolescents’ ICT interest and their ICT self-efficacy: evidence from 30 countries’, Computers 
and Education, Vol. 159, p.104004. doi:10.1016/j.compedu.2020.104004. 

Christoph, G., Goldhammer, F., Zylka, J. and Hartig J. (2015) ‘Adolescents’ computer 
performance: the role of self-concept and motivational aspects’, Computers and Education,  
Vol. 81, pp.1–12, https://doi.org/10.1016/j.compedu.2014.09.004. 

Cordero, J., Manchón, C. and Simancas, R. (2012) ‘Análisis de los condicionantes del rendimiento 
educativo de los alumnos españoles en PISA 2009 mediante técnicas multinivel’, Presupuesto 
y Gasto Público, Vol. 67, pp.71–96. 

Cristia, J.P., Ibarrarán, P., Cueto, S., Santiago, A. and Severín, E. (2012) Technology and Child 
Development: Evidence from the One Laptop Per Child Program, IDB Working Paper Series 
No. IDB-WP-304, Inter-American Development Bank, Washington, DC. 

De Melo, G., Machado, A., Miranda, A. and Viera, M. (2013) Profundizando en los efectos del 
Plan Ceibal, Serie Documentos de Trabajo, DT 12/2013. Instituto de Economía, Facultad de 
Ciencias Económicas y Administración, Universidad de la República, Uruguay. 

DiMaggio, P. and Hargittai, E. (2001) From the ‘Digital Divide’ to ‘Digital Inequality’: Studying 
Internet Use as Penetration Increases, Princeton University, Center for Arts and Cultural 
Policy Studies. 

Erstad, O. (2008) ‘Changing assessment practice and the role of it’, in Voogt, J. and Knezek, G. 
(Eds.): International Handbook of Information Technology in Primary and Secondary 
Education, pp.181–194, Springer, New York. 

Erstad, O. (2010) ‘Educating the digital generation: exploring media literacy for the 21st century’, 
Nordic Journal of Digital Literacy, Vol. 5, No. 3, pp.56–71. 

Erstad, O. (2011) ‘Weaving the context of digital literacy. In S. R. Ludvigsen, A. Lund, I. 
Rasmussen, and R. Säljö (Eds. ) ‘Learning across sites: New tools, infrastructures and 
practices (pp. 295–310) ‘Cambridge: Cambridge University PRess. 

Erstad, O. (2012) ‘The learning lives of digital youth—beyond the formal and informal. Oxford 
Review of Education, 38, 25–43. https://doi.org/10.1080/03054985.2011.577940. 

Fernández-Gutiérrez, M., Giménez, G. and Calero, J. (2020) ‘Is the use of ICT in education leading 
to higher student outcomes? Analysis from the Spanish autonomous communities’, Computers 
and Education, Vol. 157, pp.1–15. 

Formichella, M.M. and Di Meglio, G.A. (2020) ‘New technologies in households: is there an 
educational payoff? Evidence from Argentina’, Education in The Knowledge Society (EKS), 
Vol. 21, No. 18, pp.1–14. 

Fraillon, J., Ainley, J., Schulz, W., Friedman, T. and Gebhardt, E. (2014) Preparing for Life in a 
Digital Age: The IEA International Computer and Information Literacy Study International 
Report, p.308, Springer Nature. 

Goldhammer, F., Gniewosz, G. and Zylka, J. (2016) ‘ICT engagement in learning environments’, 
in Kuger, S., Klieme, E., Jude, N. and Kaplan, D. (Eds.): Assessing Contexts of Learning:  
An International Perspective, pp.331–351, Springer International Publishing, Cham. 

Gómez Fernández, N. and Mediavilla, M. (2018) Do Information and Communication 
Technologies (ICT) Improve Educational Outcomes? Evidence for Spain in PISA 2015, 
Working Paper IEB 2018/20, Institut d’Economia de Barcelona [online] https://bit.ly/2CIcglK. 



   

 

   

   
 

   

   

 

   

   336 M.V. Alderete    
 

    
 
 

   

   
 

   

   

 

   

       
 

González-Betancor, S.M., López-Puig, A.J. Cardenal, M.E. (2021) ‘Digital inequality at home. The 
school as compensatory agents’, Computers and Education, Vol. 168, p.104195. 

Guo, C. and Wan, B. (2022) ‘The digital divide in online learning in China during the COVID-19 
pandemic’, Technology in Society, Vol. 71, p.102122. 

Hargittai, E. (2003) ‘The digital divide and what to do about it’, in Jones, C. (Ed.): New Economy 
Handbook, pp.821–39, Elsevier, New York. 

Hatlevik, O.E., Ottestad, G. and Throndsen, I. (2015) ‘Predictors of digital competence in 7th 
grade: a multilevel analysis’, Journal of Computer Assisted Learning, Vol. 31, pp.220–231, 
https://doi.org/10.1111/jcal.12065. 

Hatlevik, O.E., Throndsen, I., Loi, M. and Gudmundsdottir, G.B. (2018) ‘Students’ ICT  
self-efficacy and computer and information literacy: determinants and relationships’, 
Computers and Education, Vol. 118, pp.107–119, https://doi.org/10.1016/j.compedu.2017.11. 
011. 

ITU (2017) Measuring the Information Society Report 2017, International Telecommunication 
Union. Place des Nation, Geneva Switzerland. 

ITU (2019) [online] https://www.itu.int/en/ITU-D/Statistics/Documents/IDI2019consultation/ 
BDT_Cir_026_DKH_IDA_E.pdf. 

Iwabuchi K., Hodama K., Onishi Y., Miyazaki S., Nakae S. and Suzuki K.H. (2022) ‘Covid-19 and 
education on the front lines in Japan: what caused learning disparities and how did the 
government and schools take initiative?’, in Reimers, F.M. (Eds.): Primary and Secondary 
Education During Covid-19, Springer, Cham, https://doi.org/10.1007/978-3-030-81500-4_5. 

Jewitt, C. and Parashart, U. (2011) ‘Technology and learning at home: findings for the evaluation 
of the home access programme pilot’, Journal of Computer Assisted Learning, Vol. 27, No. 4, 
pp.303–313. 

Juhaňák, L., Zounek, J., Záleská, K., Bárta, O. and Vlčková, K. (2019) ‘The relationship between 
the age at first computer use and students’ perceived competence and autonomy in ICT usage: 
a mediation analysis’, Computers and Education, Vol. 141, p.103614. 

Kim, K., Koo, D., Kim, S. et al. (2020) ‘Development a standard curriculum model of  
next-generation software education’, Journal of the Korean Association of Information 
Education, Vol. 24, pp.337–367, DOI: 10.14352/jkaie.2020.24.4.337. 

Kuger, S., Jude, N., Klieme, E. and Kaplan, D. (2016) ‘An introduction to the PISA 2015 
questionnaire field trial: study design and analysis procedures’, Assessing Contexts of 
Learning: An International Perspective, pp.75–113. 

Lankshear, C. and Knobel, M. (Eds.) (2008) Digital Literacies: Concepts, Policies and Practices 
(New Literacies and Digital Epistemologies), 1st., Peter Lang Inc., International Academic 
Publishers, New York. 

Litt, E. (2013) ‘Measuring users’ internet skills: a review of past assessments and a look toward the 
future’, New Media and Society, Vol. 15, No. 4, pp.612–630. 

Liu, J.C.K. and Wang, R.M. (2016) Ryan Building Autonomous Learners: Perspectives from 
Research and Practice Using Self-Determination Theory, Springer, Singapore. 

Malamud, O. and Pop-Eeches, C. (2010) ‘Home computer and the development of human capital’, 
The Quarterly Journal of Economics, May 2011, Vol. 126, No. 2, pp.987–1027. 

Mediavilla, M. and Escardíbul, J. O. (2015) ‘El efecto de las TIC en la adquisición de 
competencias’, Un análisis de género y titularidad de centro en las evaluaciones por 
ordenador PISA 2012, Informe Español, Madrid. 

Meng, L., Qiu, C. and Boyd-Willson, B. (2019) ‘Measurement invariance of the ICT engagement 
construct and its association with students’ performance in China and Germany: evidence 
from PISA 2015 data’, British Journal of Educational Technology, Vol. 50, No. 6,  
pp.3233–3251. 

Mohd Aba Sha’ar, Y., Singhasuwan, P., Buddharat, C. and Markphan, P. (2023) ‘Investigating 
Thai lecturers’ perceptions about factors undermined the reliability of summative assessment 
during COVID-19’, International Journal of Education Economics and Development, Vol. 14, 
No. 1, pp.123–141. 



   

 

   

   
 

   

   

 

   

    Assessing the students’ digitalisation at country level 337    
 

    
 
 

   

   
 

   

   

 

   

       
 

Mora, T., Escardíbul, J.O. and Di Pietro, G. (2018) ‘Computers and students’ achievement:  
an analysis of the one laptop per child program in Catalonia’, International Journal of 
Educational Research, Vol. 92, pp.145–157. 

Mounjid, B., El Hilali, E., Amrani, F. and Moubtassime, M. (2021), ‘Teachers’ perceptions and the 
challenges of online teaching/learning in morocco during Covid-19 crisis’, Arab World 
English Journal (AWEJ) Special Issue on CALL, No. 7. 

Muñoz, R. and Ortega, J. (2014) ‘Tienen la banda ancha y las TICs un impacto positivo sobre  
el rendimiento escolar? Evidencia para Chile’, El trimestre económico, Vol. 82, No. 325, 
pp.53–87. 

National Telecommunications and Information Administration (NTIA) (1990) Falling through 
Then Net: A Survey of the ‘have Nots’ in Rural and Urban America, Department of 
Commerce, Washington, DC, USA [online] https://www.ntia.gov/page/falling-through-net-
survey-have-nots-rural-and-urban-america (accessed 20 November 2021). 

OCDE (2008) Handbook on Constructing Composite Indicators: Methodology and User Guide, 
OECD publications, París. 

Odell, B., Cutumisu, M. and Gierl, M. (2020) ‘A scoping review of the relationship between 
students’ ICT and performance in mathematics and science in the PISA data’, Social 
Psychology of Education, Vol. 23, pp.1449–1481. 

OECD (2014) Education at a Glance 2014 OECD Indicators [online] https://www.oecd.org/ 
education/Education-at-a-Glance-2014.pdf. 

OECD (2016) PISA 2015 Results, Vol. 1, http://dx.doi.org/10.1787/9789264266490-en. 
OECD (2017a) PISA 2015 Technical Report, OECD Publishing, Paris. 
OECD (2017b) PISA 2015 Results (Volume III): Students’ Well-Being, OECD Publishing, Paris. 
Portulans Institute (2019) The Network Readiness Index 2019: Towards a Future-Ready Society, 

Washington D.C., USA. 
Robinson, J.P., DiMaggio, P. and Hargittai, E. (2003) ‘New Social Survey Perspectives on the 

Digital Divide. IT y Society 1 (5), 1-22. 
Robinson, L., Cotten, S.R., Ono, H., Quan-Haase, A., Mesch, G., Chen, W. and Stern, M.J. (2015) 

‘Digital inequalities and why they matter’, Information Communication and Society, Vol. 18,  
No. 5, pp.569–582. 

Ryan, R.M. and Deci, E.L. (2000), ‘Intrinsic and extrinsic motivations: classic definitions and new 
directions’, Contemporary Educational Psychology, Vol. 25, pp.54–67. 

Ryan, R.M. and Deci, E.L. (2017) Self-determination Theory: Basic Psychological Needs in 
Motivation, Development, and Wellness, Guilford, New York, NY. 

Santín, D. and Sicilia, G. (2014) Evaluar para mejorar: Hacia el seguimiento y la evaluación 
sistemática de las políticas educativas. Reflexiones sobre el sistema educativo español, 
Fundación Europea Sociedad y Educación, España. 

Scherer, R. and Hatlevik, O.E. (2017) ‘‘Sore eyes and distracted’ or ‘excited and confident’? – The 
role of perceived negative consequences of using ICT for perceived usefulness and  
self-efficacy’, Computers & Education, Vol. 115, pp.188–200. 

Sefton-Green, J., Nixon, H. and Erstad, O. (2009) ‘Reviewing approaches and perspectives on 
“digital literacy”‘, Pedagogies: International Journal, Vol. 4, pp.107–125, https://doi.org/ 
10.1080/15544800902741556. 

Skryabin, M., Zhang, J., Liu, L. and Zhang, D. (2015) ‘How the ICT development level and usage 
influence student achievement in reading, mathematics, and science’, Computers and 
Education, Vol. 85, pp.49–58. 

Stewart, F. (2003) ‘Horizontal inequalities: a neglected dimension of development’, in Wider 
Perspectives on Global Development. Studies in Development Economics and Policy, Palgrave 
Macmillan, London, https://doi.org/10.1057/9780230501850_5. 



   

 

   

   
 

   

   

 

   

   338 M.V. Alderete    
 

    
 
 

   

   
 

   

   

 

   

       
 

Tansini, R. and Aguilar, R. (2011) Computers at Home and Schoolchildren’s Outcome in Uruguay, 
Trabajo presentado en Latin American and Caribbean Economic Association (LACEA) y 
Latin American Meeting of the Econometric Society (LAMES), http://www.webmeets.com/ 
lacealames/2011/prog/viewpaper.asp?pid = 18. 

Thorell, L.B., Skoglund, C., de la Peña, A.G. et al. (2021) ‘Parental experiences of homeschooling 
during the COVID-19 pandemic: differences between seven European countries and between 
children with and without mental health conditions’, European Child Adolescent Psychiatry, 
https://doi.org/10.1007/s00787-020-01706-1. 

Tınmaz, H. and Öztürk, Y. E. (2020) ‘An overview of South Korea’s k-12 education during  
COVID-19 pandemic. Milli Eğitim Dergisi’, Salgin Sürecinde Türkiye’de Ve Dünyada Eğitim,  
Vol. 49, No. 1, pp.1033–1058, DOI: 10.37669/milliegitim.757775. 

Torppa, M., Eklund, K., Sulkunen, S., Niemi, P. and Ahonen, T. (2018) ‘Why do boys and girls 
perform differently on PISA Reading in Finland? The effects of reading fluency, achievement 
behaviour, leisure reading and homework activity’, Journal of Research in Reading, Vol. 41, 
No. 1, pp.122–139. 

Trucco, D. and Espejo, A. (2013) Principales determinantes de la integración de las TIC en el uso 
educativo. El caso del Plan Ceibal del Uruguay, CEPAL. Serie políticas sociales Nº177. 

Tsitouridou, M. and Vryzas, K. (2011) ‘Digital literacies: definitions, concepts and educational 
implications’, in Stergioulas, L.K. and Drenoyianni, H. (Eds.): Pursuing Digital Literacy in 
Compulsory Education, pp.3–46, Peter Lang, New York. 

Ullah, M.S. (2020) ‘ICTs, power prejudice and empowerment: digital exclusion of the poor in rural 
Bangladesh’, in Ragnedda, M. and Gladkova, A. (Eds.): Digital Inequalities in the Global 
South. Global Transformations in Media and Communication Research, A Palgrave and 
IAMCR Series,. Palgrave Macmillan, Cham, https://doi.org/10.1007/978-3-030-32706-4_6. 

United Nations (2016) General Assembly ORAL REVISIONS of 30 June [online] 
https://www.article19.org/data/files/Internet_Statement_Adopted.pdf (accessed 20 August 
2020). 

Van Deursen, A. and Van Dijk, J. (2009) ‘Using the internet: skill related problems in users’ online 
behavior’, Interacting with Computers, Vol. 21, Nos. 5–6, pp.393–402. 

Wastiau, P., Blamire, R., Kearney, C., Quittre, V., Van de Gaer, E. and Monseur, C. (2013) ‘The 
use of ICT in education: A survey of schools in Europe. European Journal of Education, 48, 
11–27. https://doi.org/10.1111/ejed.12020. 

Wehmeyer, M.L., Shogren, K.A., Little, T.D. and Lopez. S.J. (2017) ‘Development of  
Self-determination through the Life-course, Springer, Dordrecht, The Netherlands. 

Williamson, B., Eynon, R. and Potter, J. (2020) ‘Pandemic politics, pedagogies and practices: 
digital technologies and distance education during the coronavirus emergency’, Learning, 
Media and Technology, Vol. 45, No. 2, pp.107–114. 

Witte, K. and Rogge, N. (2014) ‘Does ICT matter for effectiveness and efficiency in mathematics 
education?’, Computers and Education, Vol. 75, pp.173–84. 

Zylka, J., Christoph, G.., Kroehne, U., Hartig, J. and Goldhammer. F. (2015) ‘Moving beyond 
cognitive elements of ICT literacy: First evidence on the structure of ICT engagement’, 
Computers in Human Behavior, Vol. 53, pp.149–160. 

Notes 
1 Authors can provide this information in case of interest. 


