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Abstract 

As children spend more and more time on electronic devices and social networks, there 
is a growing concern about the influence that these activities may have on their 
development and social well-being. In this context, the present research is aimed at 
analysing the influence that Internet use may have on 6th grade primary school students’ 
academic performance in Spain. In order to do so, we have employed a methodological 
approach that combines econometric and interval multiobjective programming 
techniques, which has let us identify the traits and Internet use patterns that allow students 
to maximise their academic performance in terms of scores in four competences. Our 
results show that, while daily use of the Internet to listen to music or search for 
information about other topics of interest can favour the maximization of educational 
outcomes, the use of social networks should be limited as much as possible to avoid 
hindering the educational process. 
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1. Introduction 

The Internet has become an indispensable tool, particularly for young people. For 
those who have been surrounded by digital technology since birth, it is not only an 
information tool, but a major innovation that has conditioned how they spend their leisure 
time and engage in non-leisure activities. The Internet has been fundamental in society’s 
development; it created a new dimension for digital natives (Prensky, 2001) and has also 
made it possible to digitise social and paperwork structures that were traditionally 
“physical” by promoting “virtual mobility” and allowing certain daily activities to be 
carried out through telework, telehealth and e-learning (Mouratidis & Papagiannakis, 
2021). 

In this context, the Internet has not only enabled young people around the world 
to stay in touch with each other, but has also provided them with new learning 
opportunities, as it is an endless source of information that can speed up the educational 
process. It allows the creation of “educational environments” that complement the 
traditional system and fill educational gaps that may be left by face-to-face education. 
The Internet can even promote an active and independent type of learning adapted to 
students’ characteristics and their own learning pace (O’Flaherty & Phillips, 2015). 

In addition to learning, the Internet is a means of entertainment and 
communication (Zhang et al., 2018) that has enabled young people around the world to 
develop and nurture relationships while strengthening their sense of community (Pendry 
& Salvatore, 2015) and social well-being (Castellacci & Tveito, 2018; Alivernini et 
al., 2019). Furthermore, using different mobile devices from an early age enables the 
acquisition of so-called digital skills, such as the ability to search for and evaluate 
information (Van Deursen & Van Dijk, 2008), which can be extremely useful when 
writing reports or completing assignments (Pagani et al., 2016). 

The Internet has become indispensable in teenagers’ lives, but its excessive or 
inappropriate use also has undesirable consequences for young people, especially if we 
consider that they are more likely to develop a certain degree of Internet addiction than 
adults (Ko et al., 2012; Fineberg et al., 2018). Excessive use can lead to withdrawal and 
weaker social skills as well as mental health and family problems (Twenge, 2017; Song 
et al., 2019; O’Day & Heimberg, 2021). Besides, such dependence can negatively 
interfere with the educational process and consequently reduce academic performance 
(Sengupta et al., 2018; Kates et al., 2018; Wammes et al., 2019; Azizi et al., 2019; Koca 
& Berk, 2019). 

Given the relevance of the Internet in our lives, it seems reasonable to question 
whether its use from an early age can negatively affect a person’s psycho-emotional 
educational and professional development and, specially, if we take into account that late 
childhood and adolescence are critical stages in human life, as teenagers are supposed not 
only to develop educational and career goals, but also to ask themselves who they are and 
who they want to be (Verhoeven et al., 2019). 

Therefore, the aim of our study is to identify the profile of students who are able 
to maximise their academic performance in reading, mathematics, science and English 
given the different ways in which they can use the Internet. That said, we focus on Spain, 
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where 91.4% of households had a fixed or mobile broadband Internet connection and 
92.9% (INE, 2019) of children aged 10-15 use it in 2019, with the average time spent on 
the Internet being 3 or more hours per day in 2019 (Qustodio, 2019). Particularly, within 
Spain, we will use a recent database from the Spanish region of the Canary Islands which 
collected the census of primary school students in 6th grade in 2018-2019. 

We have to bear in mind that, according to the latest Programme for International 
Student Assessment (PISA) report (2018), the Canary Islands are at the bottom of the 
Spanish educational ranking. For instance, Canarian students scored 19 points below the 
OECD average in science and 13 points below Spain (MEPF, 2018). In this sense, given 
the increase in both poor academic results and Internet use by the younger generations, 
in our study we seek to analyse the influence that Internet use can have on academic 
performance. To do so, we will make use of interval multiobjective programming, 
specifically the algorithm proposed in Henriques et al. (2019). This methodology has been 
used in applications to analyse workers’ well-being (Henriques et al., 2020; Henriques et 
al., 2021) and in the educational context (Prieto-Latorre et al., 2021). 

In short, this study aims to enrich the existing literature in, at least, three aspects. 
Firstly, it assesses how social networks (and additionally WhatsApp) influence on 
students’ academic performance in different cognitive domains in late childhood, while 
studies usually focus on secondary school and university students. Secondly, we provide 
up-to-date evidence for Spain, to the extent that previous literature is limited and the 
databases used are outdated. Thirdly, by using interval multiobjective programming, we 
offer a potentially useful tool in the design of educational policies and parental guidance. 

The article is structured as follows. First, we provide a brief review of the relevant 
literature on the influence of Internet use on academic performance. Then, we present the 
main characteristics of the dataset. Sections 4 and 5 describe the methodology employed 
and the results obtained. Finally, we discuss and present the main findings, including 
implications for socio-economic policies. 

2. Literature review 

The digital dependency and the effect it may have on young people’s academic 
performance and personal development has sparked an increased interest among 
researchers. Specifically, some studies have shown how using the Internet can improve 
academic performance (Zhu et al., 2011; Gil, 2012; Chen et al., 2014; Naqshbandi et 
al., 2017; Çebi & Güyer 2020; Hou et al., 2021). On the one hand, Chen et al. (2014) 
analysed the relationship between Internet information seeking, academic performance 
and academic self-efficacy, with the latter being the mediator between the first two. The 
authors distinguished between educational and leisure-oriented Internet use, concluding 
that both types had a positive impact on twelfth-grade students’ academic self-efficacy, 
indirectly improving their academic performance. On the other hand, Hou et al. (2021) 
examined the impact that the Chinese social network, WeChat, may have on university 
students’ academic performance. The authors concluded that the impact of using WeChat 
was largely due to students’ self-control, with the effect of sharing information through 
the application being positive when students had high self-control. 

Likewise, researchers have found a positive relationship between ICT use and 
academic performance (Mo et al., 2014; Cabras & Tena, 2016; Gubbels et al., 2020; Lei 
et al., 2021). In particular, Cabras and Tena (2016), using data provided by PISA 2012, 
found a causal effect of ICT use on Spanish students’ mathematics performance, with the 
effect being stronger for lower-income students. Recently, Gubbels et al. (2020) showed 
that moderate ICT use was positively related to the reading achievement of 15-year-old 
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Dutch students, with a negative impact when ICT was overused. Similarly, Machin et al. 
(2007) highlight that the increase of ICT investment at schools in England caused a 
positive impact on reading competence and science, but it had no significant influence in 
mathematics, while Villafuerte and Romero (2017) found that watching videos and using 
social networks help to improve English skills, as motivation and engagement facilitate 
English learning, both in writing and listening skills. This result is opposed to most 
empirical evidence, which usually finds a negative effect of social networks on 
educational attainment (see meta-analysis by Liu et al., 2017). 

However, far from reaching the same conclusion, other studies have found a 
negative relationship between Internet/ICT use and academic performance (Karpinski et 
al., 2013; Vigdor et al., 2014; Junco, 2015; Michikyan et al., 2015; Kim et al., 2017; 
Sengupta et al., 2018; Hsiao et al., 2017; Azizi et al., 2019; Koca & Berk, 2019; Chang 
et al., 2019). Particularly, Kim et al. (2017) considered confounding factors such as 
gender, drug use or parental education level, and found that using the Internet for general 
purposes was negatively correlated with higher school performance, in contrast to when 
the Internet was used for study. 

Finally, some studies point to the lack of significant effect of Internet and ICT on 
educational outcomes (Woessmann & Fuchs, 2004; Leuven et al., 2007; Mbaeze et al., 
2010; Spiezia, 2011; Raines, 2012; Fairlie & Robinson, 2013; Cristia et al., 2017). 

The influence that the Internet has on the teaching-learning process may depend 
on the type of analysis conducted, the potential existence of selection bias (Bulman & 
Fairlie, 2016), how it is used and whether it is more or less academically oriented (Gil, 
2012; Torres-Díaz et al., 2016; Kim et al., 2017; Lau, 2017; Chang et al., 2019). In 
particular, while online information seeking tools and word processing are associated 
with higher academic performance in 15-year-old students (Gil, 2012), video games or 
streaming entertainment hinder the educational process (Rideout et al., 2010; Lopez-
Agudo & Marcenaro-Gutierrez, 2020). 

In this regard, it seems that the problem lies in excessive or inappropriate use of 
the Internet (Zhou et al., 2020) resulting in situations where users are unable to control 
the time they spend on online activities and neglect their daily activities (Wąsiński & 
Tomczyk, 2015). This “addiction”, which some studies refer to as “Internet use disorder” 
(Sha et al., 2019; Peterka-Bonetta et al., 2019), can lead to socioemotional problems 
among young people (Pontes et al., 2015), as well as negatively affect their academic 
performance (Flisher, 2010; Siciliano et al., 2015; Berte et al., 2021) by reducing 
academic engagement and increasing disaffection with learning activities (Karpinski et 
al., 2013; Zhang et al., 2018; Feng et al., 2019). 

 Focusing on Spain, the studies that have analysed this issue are limited (García-
Martín & Cantón-Mayo, 2019; Fernández-Gutiérrez et al. 2020; Gómez-Fernández & 
Mediavilla, 2021). For instance, García-Martín and Cantón-Mayo (2019) assessed how 
different types of Internet use might affect academic skills, concluding that each type of 
Internet use was associated with different cognitive domains. Fernández-Gutiérrez et al. 
(2020) employ PISA data from three waves (2009, 2012 and 2015) to evaluate the use of 
ICT at secondary school, finding significant effects in students’ outcomes in science, but 
not in reading and mathematics. Particularly relevant is the study carried out by Prieto-
Latorre et al. (2021), in which they analysed the effect that Internet use may have on 
school grades (content-based knowledge) and test scores (competences) of a cohort of 8th 
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grade students in 2011-20125. The authors concluded that using the internet academically 
and for hobbies should be prioritised over continued use of social networks.  

In any case, the evidence in Spain is still scarce and further up-to-date research is 
needed, as the use of the Internet and new technologies is increasing among young people. 

3. Data and institutional background 

In recent years, the Spanish education system has adopted a formative assessment 
model in line with European standards that aims to promote lifelong learning and to move 
away from an exam-centred educational culture. To implement this formative assessment 
scheme, in addition to a continuous assessment throughout the academic year, Spanish 
students take an individual assessment test at the end of each educational stage. 
Specifically, for primary education, Spanish students take the test at the end of 3rd 
(LOMCE, art. 20.3; BOE, 2013) and 6th grades (LOMCE, art. 21; BOE, 2013). These 
tests are designed to assess students’ numeracy skills, as well as their oral and written 
comprehension skills, in order to provide them with individualised attention according to 
their needs and to prevent them from failing at a later stage of their education. 

In this study we have used the data collected by the Canarian Agency for 
University Quality and Educational Assessment. Specifically, as mentioned above, we 
have used data from the cohort of 6th grade students in 2018-2019 (in the Autonomous 
Community of the Canary Islands). In total, our sample collects data from 13,296 students 
who completed tests in reading, mathematics, science and English. In addition, to avoid 
losing observations, we have introduced a set of missing flag variables. 

In the database under scrutiny, to facilitate comparison with other research studies 
and between different measures of educational performance, the variables regarding test 
scores in the different competences have been standardised (through statistical 
normalisation) to have mean 0 and standard deviation 1 and, consequently, the results can 
be interpreted as effect sizes. Along with educational competences, by having both a 
student questionnaire and a parent questionnaire, we have information about parents’ 
educational level, income and occupation, among other variables. Moreover, to capture 
the students’ socio-economic level, the Canarian Agency provides us with an indicator of 
socio-economic and cultural status (ESCS). This index, which is a continuous variable, 
has also been standardised to facilitate comparisons. 

Since our goal is to analyse how Internet use influences academic performance, 
this analysis is mainly based on the information collected by the student questionnaire. 
Concretely, we have based our analysis on the following question: 

“How often do you use the Internet for the following activities? 

a) Searching for information for your studies (Google, Wikipedia, etc.). 
b) Searching for information about games or playing games. 
c) Searching for information about sports. 
d) Searching for information about music or movies (YouTube, Spotify, etc.). 
e) Searching for information on other topics that interest you. 
f) Communicating with other people (WhatsApp, Telegram, Hangout, etc.). 
g) For using social networks (Facebook, Twitter, Instagram, Musically, etc.). 

For these 7 Internet-related variables, the answer is one of the following options: 
“never or almost never”, “once or twice a month”, “once or twice a week”, “every day or 

                                                            
5 The database used dates from around 10 years ago, which limits the results obtained considerably to the 
extent that the Internet use in 2011 has nothing to do with internet use today. 
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almost every day”. Descriptive statistics regarding these variables are shown in Table A1 
(Appendix). We can observe that 6th grade students mainly use the Internet to 
communicate with others through applications such as WhatsApp, with 40% of students 
using it every day. This appears to be consistent with new trends, as the younger 
generation represents the new wave of users of these applications which can be broadly 
considered as social networks. Similarly, 32.9% of students use applications such as 
YouTube or Spotify on a daily basis, while they use the Internet for other topics of interest 
and to play games once or twice a week (36.1% and 24.1%, respectively). This underlines 
the aim of our analysis, as younger students tend to use the Internet more for non-
academic purposes. 

Since WhatsApp or Telegram can be considered social networks, we only include 
the variables related to social network use as a category that encompasses not only 
Facebook or Instagram, but also other communication channels. This will help us to avoid 
multicollinearity problems. However, as we will show below, the estimates 
corresponding to the model including the variables related to WhatsApp use have been 
run as a robustness check. 

4. Methodology 

The main goal of our analysis is to explore the influence that Internet use during 
late childhood may have on students’ academic performance. In doing so, we aim to 
provide a student profile that combines both academic and non-academic Internet use to 
maximise academic achievement. To this end, we will combine econometric analysis with 
multi-objective programming techniques. 

The econometric analysis is based on the estimation by ordinary least squares 
(OLS) of different regression models in which academic performance is regressed on a 
set of variables. In these variables we include both a set of control variables and those 
relating to Internet use. Therefore, our base model would be defined as: 

 𝑍௞ሺ𝑖ሻ ൌ 𝛽መ଴ሺ𝑖ሻ ൅ 𝛽መଵ௞𝑥ଵሺ𝑖ሻ ൅ 𝛽መଶ௞𝑥ଶሺ𝑖ሻ ൅ 𝛽መଷ௞𝑥ଷሺ𝑖ሻ ൅ ⋯ ൅ 𝛽መଶଷ௞𝑥ଶଷሺ𝑖ሻ ൅ 𝜀௞ሺ𝑖ሻ (1) 

where 𝑍 is the standardised academic performance, 𝑖 is the student, 𝑘 ൌ 1,2,3,4 
represents reading, mathematics, science and English, respectively; 𝑥ଵ to 𝑥ସ represent 
student characteristics; 𝑥ହ is a school characteristic; 𝑥଺ to 𝑥ଶଷ indicate Internet use (see 
Table A2, Appendix); 𝜀௞ is the error term; 𝛽መ௝ represents estimated regression coefficients 
for the 𝑗 ൌ 1, … , 23 variables. Since this is a point estimate of the influence that each 
independent variable has on the dependent variable, there is a margin of error and, 
therefore, we have estimated the lower and upper bounds of the estimated coefficients at 
the 99% confidence level as follows: 

 ൣ𝛽መ௅, 𝛽መ௎൧ ൌ ሾ𝛽መ െ 𝑡௡ି௞ିଵ,ഀ
మ
𝑆𝐸൫𝛽መ൯, 𝛽መ ൅ 𝑡௡ି௞ିଵ,ഀ

మ
𝑆𝐸൫𝛽መ൯ሿ (2) 

where 𝛽መ  is the estimated average coefficient; 𝑆𝐸 is the standard error; 𝑛 is the 
number of observations; 𝑘 is the number of conditioning variables; 𝛼 is the significance 
level and 𝑡 are the probability values of the t-distribution. 

Table 1 shows the lower and upper bounds of estimated coefficients for each of 
the educational outcomes, i.e. reading, mathematics, science and English6. Those 
coefficients that are not statistically significant, at least at 10%, are shown as “0”. 

                                                            
6 Alternatively, Table 1 estimations have been replicated adding school fixed-effects and results are pretty 
similar. These results are presented in Table A3 (Appendix). 
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-Insert Table 1 here- 

The results obtained show that females perform better than males in reading and 
English, but perform worse in mathematics. Specifically, girls obtain on average 0.27 
standard deviations (SD) and 0.19 SD more in reading and English, respectively, than 
boys, while their mathematics performance drops by 0.08 SD. Far from being surprising, 
these findings are consistent with the evidence collected in the literature. On the one hand, 
females tend to perform better in reading; the Progress in International Reading Literacy 
Study (PIRLS) 2016 showed that, in 48 of the 50 participating countries, female students’ 
reading achievement was higher than boys’ and this female dominance has persisted since 
this assessment was implemented (Mullis et al., 2016). This gender gap in favour of 
females can be the result of certain gender stereotypes attributing greater mathematical 
ability to males (Spencer et al., 1999; Cvencek et al., 2011; Plante et al., 2013; Spencer 
et al., 2016). The corollary of this is that girls tend to have a higher linguistic self-concept 
than boys (Wigfield et al., 1997; Jacobs et al., 2002; Heyder et al., 2017) and to value 
reading highly, which favours their academic performance in this competence. On the 
other hand, females’ higher achievement in English is closely linked to reading skills 
(Grabe, 2010; Oxford, 2011), as developed skills in interpreting texts and processing 
information enable females to learn a foreign language more quickly (Wightman, 2020). 

Similarly, we find that students’ socio-economic status is positively associated 
with their academic performance. This relationship has been strongly supported by the 
literature (Martins & Veiga, 2010; Hanushek & Woessmann, 2011; Cedeño et al., 2016; 
von Stumm, 2017; Kim et al., 2019; Liu et al., 2020) and is explained by the fact that 
students from disadvantaged backgrounds are constrained by their economic resources 
and cannot access tutoring and other educational resources that help to improve their 
educational outcomes (Crosnoe & Cooper 2010; Lareau, 2011). In contrast, the 
proportion of poor students in school has a negative influence on academic performance. 
Children from poor socio-economic backgrounds are more likely to develop behavioural 
problems (Piotrowska et al., 2015; Hendriks et al., 2020; Peverill et al., 2021); this can 
negatively affect classroom climate and academic performance via peer effects (Busching 
& Krahé, 2020; Jerrim et al., 2021).  

Regarding Internet use, we observe that using the Internet to study and complete 
school tasks positively correlates with academic performance in all four subjects. In 
contrast, using the Internet to play video games is negatively related to reading 
performance. This negative influence goes from 0.05 SD, on average, when the frequency 
of use is once or twice a month, to 0.10 SD, on average, when it is used every day. This 
pattern seems to be in line with previous literature (Lopez-Agudo & Marcenaro-
Gutierrez, 2020).  

Similarly, using the Internet to search for information on sports is negatively 
related to reading, mathematics, science and English performance, with the influence also 
being greater as the frequency of use increases. In contrast, using apps like YouTube or 
Spotify seems to have a positive influence on academic performance. However, the 
average influence in mathematics is lower than in the other disciplines. For example, daily 
use of these apps is positively related to mathematics performance (0.12 SD), while the 
association is 0.18 SD and 0.16 SD in science and English, respectively. Since using 
music with lyrics or certain genres can be more distracting (Avila et al., 2012; Perham & 
Currie, 2014) the level of concentration required for mathematics tasks may not be 
achieved.  



8 
 

Meanwhile, using social networks has a negative influence on academic 
performance, with the greater the frequency of use, the greater this correlation. In this 
sense, its overuse can cause students to adopt less efficient and more superficial study 
techniques, given a greater number of distractions (Alt, 2018). 

Following the econometric analysis, our study is carried out on the basis of 
interval multiobjective programming. This methodology has been applied because, as we 
know, there are many factors involved in the educational process that are not always 
controllable and that can affect students’ academic performance. Consequently, results 
cannot be interpreted as causal effects, but rather as conditional associations. In this 
context, using interval multiobjective programming models is particularly useful. Interval 
multiobjective programming and, specifically, the algorithm proposed in Henriques et al. 
(2019) and applied in Henriques et al. (2020; 2021) will allow us to overcome the 
uncertainty inherent to the coefficients in multiobjective problems. This methodology, 
which solves Multiobjective Linear Problems (MOLP), combines the reference-point 
approach with the concept of interval programming (Oliveira & Antunes, 2009) and 
allows us to use objective functions that take into account the confidence intervals of the 
regression coefficients. Therefore, by using this methodological approach, we will be able 
to analyse the potential trade-offs between different students outcomes while obtaining 
robust results. 

That said, we start from a maximisation problem of educational outcomes subject 
to constraints: 

 𝑀𝑎𝑥 𝑍ሺ𝑥ሻ ൌ ൫𝑍ଵሺ𝑥ሻ, 𝑍ଶሺ𝑥ሻ, 𝑍ଷሺ𝑥ሻ, 𝑍ସሺ𝑥ሻ൯ (3) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝒙  𝑋 

where each 𝑍௞ stands for: 

 𝑍௞ሺxሻ ൌ ൣ𝛽መ௞଴
௅ , 𝛽መ௞଴

௎ ൧ ൅ ൣ𝛽መ௞ଵ
௅ , 𝛽መ௞ଵ

௎ ൧𝑥ଵ ൅ ൣ𝛽መ௞ଶ
௅ , 𝛽መ௞ଶ

௎ ൧𝑥ଶ ൅ ⋯ ൅ ൣ𝛽መ௞ଶଷ
௅ , 𝛽መ௞ଶଷ

௎ ൧𝑥ଶଷ (4) 

𝑍௞ሺ𝑥ሻ are the objective functions to be maximized; 𝒙 ൌ ሺ𝑥ଵ, … , 𝑥௡ሻ் is the vector 
of decision variables; 𝒙  𝑋 is the feasible region;  𝛽መ௞௝

௅  and 𝛽መ௞௝
௎  are the lower and upper 

bounds of the estimated coefficients, respectively. 

In this sense, the estimated coefficients will be given by the correlation 
coefficients in Table 1 and our objective functions will be defined as follows: 

1. Competences in reading. 

𝑍ଵ ൌ ሾെ0.502, െ0.172ሿ ൅ ሾ0.219, 0.33 ሿ𝑥ଵ ൅ ሾ0.155, 0.211ሿ𝑥ଶ ൅ ⋯
൅ ሾെ0.191, െ0.02 ሿ𝑥ଶଷ 

2. Competences in mathematics. 

𝑍ଶ ൌ ሾ0, 0ሿ ൅ ሾെ0.129, െ0.03ሿ𝑥ଵ ൅ ሾ0.191, 0.246ሿ𝑥ଶ ൅ ⋯ ൅ ሾ0, 0ሿ𝑥ଶଷ 

3. Competences in science. 

𝑍ଷ ൌ ሾ0, 0ሿ ൅ ሾ0, 0ሿ𝑥ଵ ൅ ሾ0.207,0.263 ሿ𝑥ଶ ൅ ⋯ ൅ ሾെ0.183, െ0.017ሿ𝑥ଶଷ 

4. Competences in English. 

𝑍ସ ൌ ሾ0,0ሿ ൅ ሾ0.145,0.241 ሿ𝑥ଵ ൅ ሾ0.289,0.341ሿ𝑥ଶ ൅ ⋯ ൅ ሾ0,0 ሿ𝑥ଶଷ 

In order to obtain realistic solutions, a set of technical constraints have been 
defined for Internet use variables. These constraints will guarantee that the solutions are 
not simultaneously 1 for all binary variables in a group: 
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1. Using the Internet to study (Google, Wikipedia, etc.). 

 𝑥଺ ൅ 𝑥଻ ൅ 𝑥଼ ൑ 1  (C1) 

2. Using the Internet to play games. 

 𝑥ଽ ൅ 𝑥ଵ଴ ൅ 𝑥ଵଵ ൑ 1  (C2) 

3. Using the Internet to search for information about sports. 

 𝑥ଵଶ ൅ 𝑥ଵଷ ൅ 𝑥ଵସ ൑ 1  (C3) 

4. Using the Internet to search for information about music or cinema (YouTube, 
Spotify, etc.). 

 𝑥ଵହ ൅ 𝑥ଵ଺ ൅ 𝑥ଵ଻ ൑ 1  (C4) 

5. Using the Internet to search for information about hobbies. 

 𝑥ଵ଼ ൅ 𝑥ଵଽ ൅ 𝑥ଶ଴ ൑ 1  (C5) 

6. Using social networks (Facebook, Twitter, Instagram, Musically, etc.) 

 𝑥ଶଵ ൅ 𝑥ଶଶ ൅ 𝑥ଶଷ ൑ 1 (C6) 

Besides the technical constraints, we define another set of constraints reflecting 
the relationships between those independent variables that have significantly stronger 
associations. To illustrate the creation of these restrictions, an example is given below 
using the variables “Proportion of poor students” (𝑥ହ) and “Immigrant status” (𝑥ଷ): 

Dependence between the two variables is defined as: 

 𝑥ହ ൌ 𝑎𝑥ଷ ൅ 𝑏 (5) 

To incorporate this linear regression into the model, we use 99% confidence 
intervals for each parameter as follows: 

𝑎 ∈ ሾ𝑎௅, 𝑎௎ሿ ൌ ሾ0.011, 0.064ሿ , and 𝑏 ∈ ሾ𝑏௅, 𝑏௎ሿ ൌ ሾ0.210, 0.260ሿ 

which implies: 

 𝑎௅𝑥ଷ ൅ 𝑏௅  ൑ 𝑥ହ ൑ 𝑎௎𝑥ଷ  ൅ 𝑏௎  (6) 

This expression can be broken down into two inequalities: 

 𝑎௅ 𝑥ଷ െ 𝑥ହ ൑ െ𝑏௅  (7) 

 െ𝑎௎ 𝑥ଷ൅ 𝑥ହ ൑ 𝑏௎   (8) 

By following this procedure, we can obtain the set of constraints: 

7. Relationship between proportion of poor students (1st quartile ESCS) and 
students’ ESCS.  

 െ0.091𝑥ଶ െ 𝑥ହ ൑ െ0.224 (C7) 

 0.070𝑥ଶ ൅ 𝑥ହ ൑  0.260 (C8) 

8. Relationship between proportion of poor students (1st quartile ESCS) and 
immigrant status. 

  0.011𝑥ଷ െ 𝑥ହ ൑ െ0.210  (C9) 

 െ0.064𝑥ଷ ൅ 𝑥ହ ൑ 0.257  (C10) 
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9. Relationship between proportion of poor students (1st quartile ESCS) and 
repeater. 

  0.072𝑥ସ െ 𝑥ହ ൑ െ0.211 (C11) 

 െ0.131𝑥ସ ൅ 𝑥ହ ൑  0.257  (C12) 

10. Relationship between students’ ESCS and immigrant status. 

  െ0.261𝑥ଷ െ 𝑥ଶ ൑ 0.014 (C13) 

 0.0814𝑥ଷ ൅ 𝑥ଶ ൑ 0.149 (C14) 

11. Relationship between students’ ESCS and repeater. 

  െ0.953𝑥ସ െ 𝑥ଶ ൑ െ0.001 (C15) 

 0.705𝑥ସ ൅ 𝑥ଶ ൑ 0.156 (C16) 

12. Relationship between students’ ESCS and using the Internet to find 
information for study (Google, Wikipedia, etc.). 

 0.052𝑥଺ ൅ 0.001𝑥଻ െ 0.018𝑥଼ െ 𝑥ଶ ൑ 0 (C17) 

 െ0.337 െ 0.233𝑥଻ െ 0.198𝑥଼ ൅ 𝑥ଶ ൑  0 (C18) 

13. Relationship between students’ ESCS and using the Internet to search for 
information about other topics. 

 0.046𝑥ଵ଼ ൅ 0.085𝑥ଵଽ ൅ 0.023𝑥ଶ଴ െ 𝑥ଶ ൑ 0  (C19) 

 െ0.220𝑥ଵ଼ െ 0.248𝑥ଵଽ െ 0.181𝑥ଶ଴ ൅ 𝑥ଶ ൑  0 (C20) 

14. Relationship between students’ ESCS and using social networks (Facebook, 
Twitter, Instagram, Musically, etc.) 

 െ0.338𝑥ଶଵ െ 0.246𝑥ଶଶ െ 0.226𝑥ଶଷ െ 𝑥ଶ ൑ െ0.071 (C21) 

 0.185𝑥ଶଵ ൅ 0.102𝑥ଶଶ ൅ 0.043𝑥ଶଷ ൅ 𝑥ଶ ൑  0.247 (C22) 

Therefore, our multiobjective problem has 23 decision variables (binary and 
continuous), 4 objective functions and 22 constraints. The type of variables and their 
bounds (which are considered as constraints of the multiobjective problem) are specified 
in Table A2 (Appendix). 

In order to solve our interval multiobjective problem we must first solve each one 
of the problems for the objective functions individually. In this way, we will obtain the 
individual optimal values (Chinneck & Ramadan, 2000) and we will be able to check 
whether there are trade-offs between the four educational competences. 

 𝑀𝑎𝑥 𝑍௞
௎ሺ𝐱ሻ ൌ ∑ 𝛽௞௝

௎  𝑥௝௝ , 𝑘 ൌ 1, … , 𝑝, 

 𝑠. 𝑡. : ∑ 𝑎௖௝𝑥௝௝ ൑ 𝑏௖, 𝑐 ൌ 1, … , 𝑚, (9) 

 𝑥௝ ൒ 0  𝑗 ൌ 1, … , 𝑛.  

and 

 𝑀𝑎𝑥 𝑍௞
௅ሺ𝐱ሻ ൌ ∑ 𝛽௞௝

௅  𝑥௝௝ ,  𝑘 ൌ 1, … , 𝑝, 

 𝑠. 𝑡. : ∑ 𝑎௖௝𝑥௝௝ ൑ 𝑏௖, 𝑐 ൌ 1, … , 𝑚,  (10) 

 𝑥௝ ൒ 0  𝑗 ൌ 1, … , 𝑛. 
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where 𝑘 is the number of objective functions; 𝑐 is the number of constraints; 𝑗 is the 
number of decision variables. Consequently, the optimal solution of our multiobjective 
problem will be somewhere between the ideal solutions of the upper and lower bounds 
𝑍௞

∗ ൌ ሾ 𝑍௞
௎∗, 𝑍௞

௅∗ሿ , where 𝑍௞
௎∗ ൌ 𝑍௞

௎ሺx௞
௎∗ሻ and 𝑍௞

௅∗ ൌ 𝑍௞
௅ሺx௞

௅∗ሻ. 

Then, and to obtain the solution of the interval multiobjective problem, we use the 
following surrogate scalarizing problem proposed in Henriques et al. (2019): 

min 𝑣 ൅ 𝜌 ∑ ቀ𝜇௞
௅൫𝑍௞

௅∗ െ ∑ 𝛽௞௝
௅  𝑥௝௝ ൯ ൅ 𝜇௞

௎ ൫𝑍௞
௎∗ െ ∑ 𝛽௞௝

௎  𝑥௝௝ ൯ቁ௞  

 s.t. 𝜇௞
௅ ൫𝑍௞

௅∗ െ ∑ 𝛽௞௝
௅  𝑥௝௝ ൯ ൅ 𝜇௞

௎ ൫𝑍௞
௎∗ െ ∑ 𝛽௞௝

௎  𝑥௝௝ ൯ ൑ 𝑣,  𝑘 ൌ 1, … 𝑝, 

 ∑ 𝑎௖௝𝑥௝௝ ൑ 𝑏௖, 𝑐 ൌ 1, … , 𝑚, 

 𝑥௝ ൒ 0, 𝑗 ൌ 1, … 𝑛 (11) 
where the term 𝜌 ൐ 0 is an augmentation coefficient that guarantees the uniqueness of 
the obtained solution; 𝑘 is the number of objective functions; 𝑐 is the number of 
constraints; 𝑗 is the number of decision variables.  

This approach considers the Tchebychev distance to the interval ideal values 𝑍௞
௅∗ 

and 𝑍௞
௎∗, as well as the relevance of each objective function to reach these values through 

the weights 𝜇௞
௅, 𝜇௞

௎ ൐ 0 for all 𝑘 ൌ 1, … , 𝑝. In addition, it provides “possibly” efficient 
solutions, which implies that the solution will be efficient for a linear combination of the 
parameters 𝛽̅௞௝ ∈ ൣ𝛽௞௝

௅ , 𝛽௞௝
௎ ൧. 

On the other hand, the algorithm proposed in Henriques et al. (2019) assumes that 
𝜇௞

௅ ൅ 𝜇௞
௎ ൌ 1 for all 𝑘 ൌ 1, … , 𝑝, which enables to assign different importance to upper 

or lower bounds and, therefore, the decision maker (DM) will be able to define the 
importance of achieving each objective function according to their preferences. However, 
in our analysis we have considered the same importance for reaching each corresponding 
ideal solution. 

5. Results 

5.1. Main Results 

First, we have obtained the individual optimal values for each function. To 
simplify the interpretation of the results, Table 2 shows the optimal values (𝑍௞

∗) for each 
function instead of the ideal solutions of the upper and lower bounds (𝑍௞

௅∗ and 𝑍௞
௎∗). 

-Insert Table 2 here- 

The last row of Table 2 shows the optimal values in terms of standardised scores. 
In this sense, the optimal value for English is higher than for the rest of the subjects, with 
0.644 SD, compared to 0.549 and 0.472 SD for science and reading, respectively. 
Meanwhile, the optimal value in mathematics is 0.339 SD. 

Along with the individual optimal values, Table 2 shows the profile of the student 
that maximises their performance in each one of the competences. As we can see, there 
is a certain trade-off between the different objective functions. Firstly, female students 
are the highest achievers in reading and English. In contrast, male students are the ones 
who maximise their performance in science and mathematics. This is hardly surprising 
and is consistent with the existing literature, as these are male-dominated fields (Spencer 
et al., 1999; Spencer et al., 2016). 
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Regarding students’ socio-economic level we observe that, in order to maximise 
students’ academic performance, the ESCS index should not be particularly high, 
although higher than the sample average value. Specifically, students’ socio-economic 
index should be 0.149 if they want to maximise their performance in reading, mathematics 
and science, and 0.068 when it comes to English. This is – to some extent – unexpected, 
as students’ socio-economic status is positively related to their academic performance. 
However, given that students interact with peers from diverse socio-economic 
backgrounds, it seems that academic achievement is maximised when students from low 
socio-economic backgrounds are surrounded by a higher proportion of poor students. This 
proportion of poor students will be 23.6% for reading and 22.11% for English 
performance. In mathematics and science this proportion will be slightly lower (21.11%). 

On the other hand, performance in all four subjects is maximised for those students 
who are not repeaters, while immigrant students are more likely to maximise their 
performance in English, which may be explained by their language background. 

In terms of the Internet use, we can observe a more marked trade-off between the 
different objective functions. Specifically, students maximise their mathematics 
performance by continuously using the Internet to study, while it must be limited for the 
other academic competences. In addition, Internet use for gaming should be limited to 
once or twice a month to maximise students’ performance in mathematics, science and 
English, and reduced as much as possible to maximise their reading achievement. In the 
same vein, using the Internet to search for information on sports should be reduced to 
zero if students want to maximise their academic performance. 

Alike, using the Internet for listening to music or for other hobbies daily 
contributes to maximise their performance in reading, science and English. In contrast, 
they should reduce these uses to once or twice a week to perform well in mathematics. 

Finally, regarding social networks, we see that students should keep their use to 
the barest minimum. Given that using social networks can lead to addiction, especially in 
late childhood and adolescence, students should practically not use them if they want to 
ensure their academic performance. 

Once the individual optimal values have been obtained, we have run the algorithm 
considering equal importance to reach each objective function and obtain “possibly” 
efficient solutions, presenting these results in Table 3. This table shows that the range of 
variation of the achieved value in science is larger (between -0.009 and 0.922 points) than 
in the other subjects. In contrast, the range of variation in mathematics is the smallest 
(between -0.115 and 0.602 points), with the maximum value being much smaller than that 
achieved in the other 3 competences.  

-Insert Table 3 here- 

As we can see, the profile of the student who maximises her academic 
performance is female, non-immigrant and has not repeated before 6th grade. Moreover, 
as in the mono-objective problem, it appears that academic performance is maximised 
when students from a low socio-economic background are surrounded by a higher 
proportion of poor students, with students’ socio-economic index being 0.149 and the 
proportion of poor students being 21.13%. 

As for Internet use we can observe that, in order to achieve higher academic 
performance, students should reduce their use of the Internet both for studying and for 
searching for information about sports or playing video games. In this regard, it is worth 
noting that, to maximise their academic performance, students should reduce their 
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Internet use for studying to once or twice a month, which may be the result of multitasking 
(Junco, 2015; Feng et al., 2019). Since younger students may lack self-control, using the 
Internet for schoolwork or study may lead to a non-academic use. This could hinder the 
educational process and encourage procrastination from an early age (Aznar-Díaz et al., 
2020). 

In contrast, our results show that students can maximise their academic 
performance by using the Internet daily to listen to music or to search for information on 
other topics of interest. In this sense, listening to music can improve not only mood, but 
also arousal levels and, consequently, enhance the performance of certain simple 
cognitive tasks (Goltz & Sadakata, 2021). 

Finally we can observe that, if students want to maximise their academic 
performance, social networks use should be non-existent. Adolescents and pre-
adolescents are heavy users of social networks and their desire to be constantly interacting 
with others can lead them to misuse their time efficiently and neglect academic work 
(Qiaolei, 2014). 

5.2. Robustness Check 

To check the robustness of our results, we have replicated our analysis using the 
variables that only refer to the use of applications such as Telegram or WhatsApp (see 
Tables A47, A6 and A7, Appendix). 

In this sense, if we look at the results obtained for this new mono-objective 
problem (Table A6), we can observe that the optimal values for each of the subjects are 
pretty similar to those obtained in our main model. For example, in reading the optimal 
value decreases just by 0.09 points in terms of standardised scores. As for the student 
profile, Table A6 shows a very similar pattern to Table 2. In order to maximise their 
performance in each one of the subjects, students should reduce their use of the Internet 
to search for information about sports, as well as to use applications such as WhatsApp. 
These applications should be used minimally to enhance academic performance. 

On the other hand, Table A7 shows the “possibly” efficient solutions. In this sense, 
we can observe that the student who manages to maximise her academic performance is 
an immigrant female who has not repeated a grade. Her socio-economic index should be 
around 0.067, while the proportion of poor students (in the school) should be 22.11%.  

Regarding the frequency of Internet use, we observe a pattern of use very similar 
to the one shown in Table 3. Students should use the Internet as little as possible to search 
for information about sports, while they can listen to music and search for information 
about other topics of interest daily without harming their academic achievement. As for 
the use of applications such as WhatsApp or Telegram, this should be limited to once or 
twice a week. 

In summary, as we have seen through the tables, the individual optimal values and 
the “possibly” efficient solution are pretty close to the ones obtained in our main model, 
which shows the consistency of our results. 

6. Discussion and conclusions 

Throughout this paper we have tried to analyse the influence that using the Internet 
may have on academic performance. In order to do so, using a database that provides us 

                                                            
7 Table A4 (Appendix) estimations have been replicated adding school fixed-effects and results are pretty 
similar. These results are presented in Table A5 (Appendix). 
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with information on a cohort of 6th grade students in 2018-2019, we have implemented 
interval multiobjective programming. With this methodology, we have tried to profile 
those students who are able to maximise their academic performance evenly – and 
simultaneously – among different subjects. 

In detail, we first carried out an econometric analysis to subsequently proceed with 
the multiobjective programming. From these estimates we observed how, e.g., using 
social networks had a negative influence on reading, mathematics, science and English 
performance, with the negative influence being greater as the frequency of use increased. 
The results of the interval programming model allow to assert that the profile of the 
student who manages to maximise her academic performance in all four subjects is a 
female student who has not repeated, from a medium socio-economic level and who 
attends a school where the proportion of students from a low socio-economic background 
is 21.11% (i.e. slightly below the sample average). 

In addition, the results show that using the Internet from an early age has its ups 
and downs. To maximise academic performance, students should use the Internet to study 
or search for information about sports once or twice a month. Similarly, they should use 
the Internet to play video games 1 or 2 times a week, while they can daily use applications 
such as Spotify. In contrast, the use of social networks should be practically zero. 

Thus, while the Internet can be helpful for the teaching-learning process, its 
inappropriate use can prevent students from reaching their best balanced performance. 
Therefore and, given the possibility that constant use of the Internet and social networks 
may lead to “addiction” that may affect their academic performance, it is necessary to 
establish some control. Hence, it would be desirable for both the family and the school to 
offer students some guidance to encourage them to use the Internet appropriately. In 
addition to promoting awareness and self-control among students, other measures should 
also be implemented to control both the content and frequency of use by young people. 
This would prevent exposure to undesirable content, as well as procrastination, that can 
ultimately lead young people to adopt unhealthy study techniques. 

Besides, schools could find more effective ways of integrating ICT into the 
educational process by providing students with learning environments that are in line with 
the needs and trends of the 21st century. In this sense, while getting students to reduce 
their use of the Internet to play video games or to practically stop using social networks 
may be beyond the school’s scope of action, balancing academic performance with the 
ICT used in the classroom can be an objective of the school. In recent years, students’ use 
of computers and tablets during lessons has become increasingly common. However, in 
order to make it compatible with good academic performance, it is essential that schools 
set guidelines and control measures such as e.g. applications that limit students’ access to 
non-academic content during class time, in order to avoid multitasking problems. 

In any case, it should be noted that our study is not free of limitations. First, as 
mentioned above, we are working with correlational rather than causal econometric 
estimates, as far as we cannot control for all variables that may affect academic 
performance. However, by using interval multiobjective programming, we are able to 
deal with this state of uncertainty. Second, Internet variables are self-reported, which may 
lead to measurement errors in the model. Third, our results may not be extrapolated to the 
rest of Spain, to the extent that we are using students’ information from only one Spanish 
region. 

 



15 
 

References 

Alivernini, F., Cavicchiolo, E., Girelli, L., Lucidi, F., Biasi, V., Leone, L., Cozzolini, M., 
& Manganelli, S. (2019). Relationships between sociocultural factors (gender, immigrant 
and socioeconomic background), peer relatedness and positive affect in adolescents. 
Journal of Adolescence, 76(1), 99–108. 
https://doi.org/10.1016/j.adolescence.2019.08.011 

Alt, D. (2018). Students’ Wellbeing, Fear of Missing out, and Social Media Engagement 
for Leisure in Higher Education Learning Environments. Current Psychology, 37, 128–
138. https://doi.org/10.1007/s12144-016-9496-1  

Avila, C., Furnham, A., & McClelland, A. (2012). The influence of distracting familiar 
vocal music on cognitive performance of introverts and extraverts. Psychology of Music, 
40(1), 84–93. https://doi.org/10.1177/0305735611422672 

Azizi, S. M., Soroush, A., & Khatony, A. (2019). The relationship between social 
networking addiction and academic performance in Iranian students of medical sciences: 
a cross-sectional study. BMC Psychology, 7(28), 1–8. https://doi.org/10.1186/s40359-
019-0305-0  

Aznar-Díaz, I., Romero, J. M., García, A., & Ramírez, M. S. (2020). Mexican and Spanish 
university students’ Internet addiction and academic procrastination: Correlation and 
potential factors. PLOS One, 15(5), e0233655. 
https://doi.org/10.1371/journal.pone.0233655 

Berte, D. Z., Mahamid, F. A., & Affouneh, S. (2021). Internet Addiction and Perceived 
Self-Efficacy Among University Students. International Journal of Mental Health and 
Addiction, 19, 162–176. https://doi.org/10.1007/s11469-019-00160-8  

BOE (2013). Organic Law 8/2013, 9th December, for the improvement of the 
education quality (LOMCE). Nº 295, 10th December 2013, 97858–97921. Spain. 

Bulman, G., & Fairlie, R. (2016). Technology and Education: Computers, Software, and 
the Internet. In: Hanushek, E., Woessmann, L., & Machin, S. (eds.) Handbook of the 
Economics of Education, 5, 239–280. https://doi.org/10.1016/B978-0-444-63459-
7.00005-1  

Busching, R., & Krahé, B. (2020). With a Little Help from Their Peers: The Impact of 
Classmates on Adolescents’ Development of Prosocial Behavior. Journal of Youth and 
Adolescence 49, 1849–1863. https://doi.org/10.1007/s10964-020-01260-8  

Cabras, S., & Tena Horrillo, J. D. D. (2016). A Bayesian non-parametric modeling to 
estimate student response to ICT investment. Journal of Applied Statistics, 43(14), 2627–
2642. https://doi.org/10.1080/02664763.2016.1142946 

Castellacci, F., & Tveito, V. (2018). Internet use and well-being: A survey and a 
theoretical framework. Research Policy, 47(1), 308–325. 
https://doi.org/10.1016/j.respol.2017.11.007  

Çebi, A., & Güyer, T. (2020). Students’ interaction patterns in different online learning 
activities and their relationship with motivation, self-regulated learning strategy and 
learning performance. Education and Information Technologies, 25(6), 3975–3993. 
https://doi.org/10.1007/s10639-020-10151-1  

Cedeño, L. F., Martínez-Arias, R., & Bueno, J. A. (2016). Implications of socioeconomic 
status on academic competence: A perspective for teachers. International Education 
Studies, 9(4), 257–267. https://doi.org/10.5539/ies.v9n4p257  



16 
 

Chang, C.-T., Tu, C.-S., & Hajiyev, J. (2019). Integrating academic type of social media 
activity with perceived academic performance: A role of task-related and non-task-related 
compulsive Internet use. Computers & Education, 139, 157–172. 
https://doi.org/10.1016/j.compedu.2019.05.011  

Chen, L. Y., Hsiao, B., Chern, C. C., & Chen, H. G. (2014). Affective mechanisms linking 
Internet use to learning performance in high school students: A moderated mediation 
study. Computers in Human Behavior, 35, 431–443. 
https://doi.org/10.1016/j.chb.2014.03.025  

Chinneck, J. W., & Ramadan, K. (2000). Linear programming with interval coefficients. 
Journal of the Operational Research Society, 51(2), 209–220. 
https://doi.org/10.1057/palgrave.jors.2600891  

Cristia, J., Ibarrarán P., Cueto S., Santiago A., & Severín, E. (2017). Technology and 
Child Development: Evidence from the One Laptop per Child Program. American 
Economic Journal: Applied Economics, 9(3), 295–320. 
https://doi.org/10.1257/app.20150385  

Crosnoe, R., & Cooper, C. E. (2010). Economically disadvantaged children’s transitions 
into elementary school: Linking family processes, school contexts, and educational 
policy. American Educational Research Journal, 47(2), 258–291. 
https://doi.org/10.3102/0002831209351564  

Cvencek, D., Meltzoff, A. N., & Greenwald, A. G. (2011). Math-gender stereotypes in 
elementary school children. Child Development, 82(3), 766–779. 
https://doi.org/10.1111/j.1467-8624.2010.01529.x  

Fairlie, R. W., & Robinson, J. (2013). Experimental Evidence on the Effects of Home 
Computers on Academic Achievement among Schoolchildren. American Economic 
Journal: Applied Economics, 5(3), 211–240. https://doi.org/10.1257/app.5.3.211  

Feng, S., Wong, Y., Wong, L., & Hossain, L. (2019). The Internet and Facebook Usage 
on Academic Distraction of College Students. Computers & Education, 134, 41–49. 
https://doi.org/10.1016/j.compedu.2019.02.005  

Fernández-Gutiérrez, M., Gimenez, G., & Calero, J. (2020). Is the use of ICT in education 
leading to higher student outcomes? Analysis from the Spanish Autonomous 
Communities. Computers & Education, 157, 103969. 
https://doi.org/10.1016/j.compedu.2020.103969  

Fineberg, N., Demetrovics, Z., Stein, D., Ioannidis, K., Potenza, M., Grünblatt, E., Brand, 
M., Billieux, J., Carmi, L., Grant, J., Yucel, M., Dell’Osso, B., Rumpf, H. J., Hall, N., 
Hollander, E., Goudriaan, A., Menchón, J., Zohar, J., Burkauskas, J., & Chamberlain, S. 
(2018). Manifesto for a European research network into Problematic Usage of the 
Internet. European Neuropsychopharmacology, 28(11), 1232–1246. 
https://doi.org/10.1016/j.euroneuro.2018.08.004  

Flisher, C. (2010). Getting plugged in: An overview of Internet addiction. Journal of 
paediatrics and child health, 46(10), 557–559. https://doi.org/10.1111/j.1440-
1754.2010.01879.x 

García-Martín, S., & Cantón-Mayo, I. (2019). Use of technologies and academic 
performance in adolescent students. Comunicar, 59, 73–81. https://doi.org/10.3916/C59-
2019-07  



17 
 

Gil, J. (2012). Utilización del ordenador y rendimiento académico entre los estudiantes 
españoles de 15 años. Revista de Educación, 357, 375–396. https://doi.org/10.4438/1988-
592X-RE-2011-357-065 

Goltz, F., & Sadakata, M. (2021). Do you listen to music while studying? A portrait of 
how people use music to optimize their cognitive performance. Acta psychologica, 220, 
103417. https://doi.org/10.1016/j.actpsy.2021.103417  

Gómez-Fernández, N., & Mediavilla, M. (2021). Exploring the relationship between 
Information and Communication Technologies (ICT) and academic performance: A 
multilevel analysis for Spain. Socio-Economic Planning Sciences, 77, 101009. 
https://doi.org/10.1016/j.seps.2021.101009  

Grabe, W. (2010). Fluency in reading – Thirty-Five years later. Reading in a Foreign 
Language, 22(1), 71–83.  

Gubbels, J., Swart, N., & Groen, M. (2020). Everything in moderation: ICT and reading 
performance of Dutch 15-year-olds. Large-scale Assessments in Education, 8(1), 1–17. 
https://doi.org/10.1186/s40536-020-0079-0  

Hanushek, E., & Woessmann, L. (2011). The Economics of International Differences in 
Educational Achievement. In: Hanushek, E., Woessmann, L., & Machin, S. (eds.) 
Handbook of the Economics of Education, 3, 89–200. https://doi.org/10.1016/B978-0-
444-53429-3.00002-8  

Hendriks, A. M., Finkenauer, C., Nivard, M. G., van beijsterveldt, T., Plomin, R., 
Boomsma, D., & Bartels, M. (2020). Comparing the genetic architecture of childhood 
behavioral problems across socioeconomic strata in the Netherlands and the United 
Kingdom. European Child & Adolescent Psychiatry, 29, 353–362. 
https://doi.org/10.1007/s00787-019-01357-x  

Henriques, C. O., Luque, M., Marcenaro-Gutierrez, O. D., & Lopez-Agudo, L. A. (2019). 
A multiobjective interval programming model to explore the trade-offs among different 
aspects of job satisfaction under different scenarios. Socio-Economic Planning Sciences, 
66, 35–46. https://doi.org/10.1016/j.seps.2018.07.004  

Henriques, C., Marcenaro-Gutierrez, O. D., & Lopez-Agudo, L. A. (2020). Getting a 
balance in the life satisfaction determinants of full-time and part-time European workers. 
Economic Analysis and Policy, 67, 87–113. https://doi.org/10.1016/j.eap.2020.07.002  

Henriques, C. O., Lopez-Agudo, L. A., Marcenaro-Gutierrez, O. D., & Luque, M. (2021). 
Reaching Compromises in Workers’ Life Satisfaction: A Multiobjective Interval 
Programming Approach. Journal of Happiness Studies, 22, 207–239. 
https://doi.org/10.1007/s10902-020-00226-8 

Heyder, A., Kessels, U., & Steinmayr, R. (2017). Explaining academic–Track boys’ 
underachievement in language grades: Not a lack of aptitude but students’ motivational 
beliefs and parents’ perceptions? British Journal of Educational Psychology, 87(2), 205–
223. https://doi.org/10.1111/bjep.12145  

Hou, R., Han, S., Wang, K., & Zhang, C. (2021). To WeChat or to more chat during 
learning? The relationship between WeChat and learning from the perspective of 
university students. Education and Information Technologies, 26, 1813–1832. 
https://doi.org/10.1007/s10639-020-10338-6  

Hsiao, K.-L., Shu, Y., & Huang, T.-C. (2017). Exploring the effect of compulsive social 
app usage on technostress and academic performance: Perspectives from personality 



18 
 

traits. Telematics and Informatics, 34(2), 679–690. 
https://doi.org/10.1016/j.tele.2016.11.001  

INE (2019). Encuesta sobre Equipamiento y Uso de Tecnologías de Información y 
Comunicación en los Hogares. Madrid, Spain. Retrived from: 
https://www.ine.es/prensa/tich_2019.pdf  

Jacobs, J. E., Lanza, S., Osgood, D., Eccles, J. S., & Wigfield, A. (2002). Changes in 
children’s self competence and values: Gender and domain differences across grades one 
through twelve. Child Development, 73(2), 509–527. https://doi.org/10.1111/1467-
8624.00421  

Jerrim, J., Lopez-Agudo, L. A., & Marcenaro-Gutierrez, O. D. (2021). Posh but poor. The 
association between relative socio-economic status and children's academic performance. 
Review of Income and Wealth, 67(2), 334–362. https://doi.org/10.1111/roiw.12476  

Junco, R. (2015). Student class standing, Facebook use, and academic performance. 
Journal of Applied Developmental Psychology, 36, 18–29. 
https://doi.org/10.1016/j.appdev.2014.11.001  

Karpinski, A. C., Kirschner, P. A., Ozer, I., Mellott, J. A., & Ochwo, P. (2013). An 
exploration of social networking site use, multitasking, and academic performance among 
United States and European university students. Computers in Human Behavior, 29(3), 
1182–1192. https://doi.org/10.1016/j.chb.2012.10.011  

Kates, A., Wu, H., & Coryn, C. (2018). The effects of mobile phone use on academic 
performance: A meta-analysis. Computers & Education, 127, 107–112. 
https://doi.org/10.1016/j.compedu.2018.08.012  

Kim, S., Cho, H., & Kim, L. Y. (2019). Socioeconomic status and academic outcomes in 
developing countries: a meta-analysis. Review of Educational Research, 89(6), 875–916. 
https://doi.org/10.3102/0034654319877155  

Kim, S. Y., Kim, M. S., Park, B., Kim, J. H., & Choi, H. G. (2017). The associations 
between Internet use time and school performance among Korean adolescents differ 
according to the purpose of Internet use. PLoS ONE, 12(4), e0174878. 
https://doi.org/10.1371/journal.pone.0174878  

Ko, C.-H., Yen, J. Y., Chen, C. S. & Chen, C. C. (2012). The association between Internet 
addiction and psychiatric disorder: A review of the literature. European psychiatry: the 
journal of the Association of European Psychiatrists, 27(1), 1–8. 
https://doi.org/10.1016/j.eurpsy.2010.04.011  

Koca, T. T., & Berk, E. (2019). Influence of Internet addiction on academic, sportive, and 
recreative activities in adolescents. Journal of Public Health, 27, 531–536. 
https://doi.org/10.1007/s10389-018-0965-x  

Lareau, A. (2011). Unequal childhoods: Class, race, and family life (2nd ed.). Berkeley, 
CA: University of California Press. 

Lau, W. (2017). Effects of social media usage and social media multitasking on the 
academic performance of university students. Computers in Human Behavior, 68, 286–
291. https://doi.org/10.1016/j.chb.2016.11.043 

Lei, H., Xiong, Y., Chiu, M., Zhang, J., & Cai, Z. (2021). The relationship between ICT 
literacy and academic achievement among students: A meta-analysis. Children and Youth 
Services Review, 127, 106123. https://doi.org/10.1016/j.childyouth.2021.106123 



19 
 

Leuven, E., Lindahl, M., Oosterbeek, H., & Webbink, D. (2007). The Effect of Extra 
Funding for Disadvantaged Pupils on Achievement. Review of Economics and Statistics, 
89(4), 721–736. https://doi.org/10.1162/rest.89.4.721  

Liu, D., Kirschner, P. A., & Karpinski, A. C. (2017). A meta-analysis of the relationship 
of academic performance and Social Network Site use among adolescents and young 
adults. Computers in human behavior, 77, 148–157. 
https://doi.org/10.1016/j.chb.2017.08.039 

Liu, J., Peng, P., & Luo, L. (2020). The relation between family socioeconomic status and 
academic achievement in China: a meta-analysis. Educational Psychology Review, 32, 
49–76. https://doi.org/10.1007/s10648-019-09494-0  

Lopez-Agudo, L., & Marcenaro-Gutierrez, O. D. (2020). Students and screens: a good or 
a bad friendship? A longitudinal case study for Spain. Revista de Educación, 389, 11–44. 
https://doi.org/10.4438/1988-592X-RE-2020-389-453  

Machin, S., McNally, S., & Silva, O. (2007). New technology in schools: Is there a 
payoff? The Economic Journal, 117(522), 1145–1167. https://doi.org/10.1111/j.1468-
0297.2007.02070.x  

Martins, L., & Veiga, P. (2010). Do inequalities in parents’ education play an important 
role in PISA students' mathematics achievement test score disparities? Economics of 
Education Review, 29(6), 1016–1033. https://doi.org/10.1016/j.econedurev.2010.05.001  

Mbaeze, I. C., Ukwandu, E., & Anudu, C. (2010). The Influence of Information and 
Communication Technologies on Students’ Academic Performance. Journal of 
Information Technology Impact, 10, 129–136. 

MEPF (2018). Informe PISA 2018: Programa para la Evaluación Internacional de los 
Estudiantes. Informe español. Madrid: Ministerio de Educación y Formación Profesional.  

Michikyan, M., Subrahmanyam, K., & Dennis, J. (2015). Facebook use and academic 
performance among college students: A mixed-methods study with a multi-ethnic sample. 
Computers in Human Behavior, 45, 265–272. https://doi.org/10.1016/j.chb.2014.12.033  

Mo, D., Zhang, L., Luo, R., Qu, Q., Huang, W., Wang, J., Qiao, Y., Boswell, M., & 
Rozelle, S. (2014). Integrating computer-assisted learning into a regular curriculum: 
Evidence from a randomised experiment in rural schools in Shaanxi. Journal of 
Development Effectiveness, 6(3), 300–323. 
https://doi.org/10.1080/19439342.2014.911770 

Mouratidis K., & Papagiannakis A. (2021) COVID-19, Internet, and mobility: The rise 
of telework, telehealth, e-learning, and e-shopping. Sustainable Cities and Society, 74, 
103182. https://doi.org/10.1016/j.scs.2021.103182  

Mullis, I. V. S., Martin, M. O., Foy, P., & Hooper, M. (2016). TIMSS 2015 international 
results in mathematics. Boston: Lynch School of Education. Retrieved from: 
http://timssandpirls.bc.edu/timss2015/international-results/wp-
content/uploads/filebase/full%20pdfs/T15-International-Results-in-Mathematics.pdf 

Naqshbandi, M. M., Sulaiman, A., Jaafar, N. I., & Shuib, L. (2017). To Facebook or to 
Face Book? An investigation of how academic performance of different personalities is 
affected through the intervention of Facebook usage. Computers in Human Behavior, 75, 
167–176. https://doi.org/10.1016/j.chb.2017.05.012 



20 
 

O’Day, E., & Heimberg, R. (2021). Social media use, social anxiety, and loneliness: A 
systematic review. Computers in Human Behavior Reports, 3, 100070. 
https://doi.org/10.1016/j.chbr.2021.100070  

O’Flaherty, J., & Phillips, C. (2015). The use of flipped classrooms in higher education: 
A scoping review. The internet and higher education, 25, 85–95. 
https://doi.org/10.1016/j.iheduc.2015.02.002  

Oliveira, C., & Antunes, C. H. (2009). An interactive method of tackling uncertainty in 
interval multiple objective linear programming. Journal of Mathematical Sciences, 161, 
854–866. https://doi.org/10.1007/s10958-009-9606-9  

Oxford, R. L. (2011). Strategies for learning a second or foreign language research 
timeline. Language Teaching, 44(2), 167–180. 
https://doi.org/10.1017/S0261444810000492  

Pagani, L., Argentin, G., Gui, M., & Stanca, L. (2016). The impact of digital skills on 
educational outcomes: Evidence from performance tests. Educational Studies, 42(2), 
137–162. https://doi.org/10.1080/03055698.2016.1148588 

Pendry, L., & Salvatore, J. (2015). Individual and social benefits of online discussion 
forums. Computers in Human Behavior, 50, 211–220. 
https://doi.org/10.1016/j.chb.2015.03.067  

Perham, N., & Currie, H. (2014). Does listening to preferred music improve reading 
comprehension performance? Applied Cognitive Psychology, 28(2), 279–294. 
https://doi.org/10.1002/acp.2994  

Peterka-Bonetta, J., Sindermann, C., & Montag, C. (2019). Personality Associations With 
Smartphone and Internet Use Disorder: A Comparison Study Including Links to 
Impulsivity and Social Anxiety. Frontiers in public health, 7, 1–12. 
https://doi.org/10.3389/fpubh.2019.00127  

Peverill, M., Dirks, M., Narvaja, T., Herts, K., & Comer, J. (2021). Socioeconomic status 
and child psychopathology in the United States: A meta-analysis of population-based 
studies. Clinical Psychology Review, 83, 101933. 
https://doi.org/10.1016/j.cpr.2020.101933  

Piotrowska, P., Stride, C., Croft, S., & Rowe, R. (2015). Socioeconomic status and 
antisocial behaviour among children and adolescents: A systematic review and meta-
analysis. Clinical Psychology Review, 35, 47–55. 
https://doi.org/10.1016/j.cpr.2014.11.003  

Plante, I., de la Sablonniere, R., Aronson, J. M., & Theoret, M. (2013). Gender stereotype 
endorsement and achievement-related outcomes: The role of competence beliefs and task 
values. Contemporary Educational Psychology, 38(3), 225–235. 
https://doi.org/10.1016/j.cedpsych.2013.03.004  

Pontes, H., Kuss, D., & Griffiths, M. (2015). Clinical psychology of Internet addiction: 
A review of its conceptualization, prevalence, neuronal processes, and implications for 
treatment. Neuroscience and Neuroeconomics, 4, 11–23. 
https://doi.org/10.2147/NAN.S60982  

Prensky, M. (2001). Digital Natives, Digital Immigrants Part 1. On the Horizon, 9(5), 1–
6. https://doi.org/10.1108/10748120110424816  



21 
 

Prieto-Latorre, C., Lopez-Agudo, L. A., Luque, M., & Marcenaro-Gutierrez, O. D. 
(2021). The ideal use of the internet and academic success: Finding a balance between 
competences and knowledge using interval multiobjective programming. Socio-
Economic Planning Sciences, in press. https://doi.org/10.1016/j.seps.2021.101208  

Qiaolei, J. (2014). Internet addiction among young people in China Internet 
connectedness, online gaming, and academic performance decrement. Internet Research, 
24(1), 2–20. https://doi.org/10.1108/IntR-01-2013-0004  

Qustodio (2019). Hyperconnected families: the new landscape of apprentices and digital 
natives. Private study. Qustodio in collaboration with Ipsos. Retrieved from: 
https://qweb.cdn.prismic.io/qweb%2F652ec17d-790d-49a5-8236-
713c96b2c732_20191022_familias_hiperconectadas_es.pdf 

Raines, J. (2012). The Effect of Online Homework Due Dates on College Student 
Achievement in Elementary Algebra. Journal of Studies in Education, 2(3), 1–18. 
https://doi.org/10.5296/jse.v2i3.1704 

Rideout, V. J., Foehr U. G., & Roberts D. F. (2010). Generation M2: Media in the Lives 
of 8-to 18-Year-OIds. Washington, D.C.: Kaiser Family Foundation. 

Sengupta, A., Broyles, I., Brako, L., & Raskin, G. (2018). Internet Addiction: Impact on 
Academic Performance of Premedical Post-Baccalaureate Students. Medical Science 
Educator, 28, 23–26. https://doi.org/10.1007/s40670-017-0510-5  

Sha, P., Sariyska, R., Riedl, R., Lachmann, B., & Montag, C. (2019). Linking Internet 
Communication and Smartphone Use Disorder by taking a closer look at the Facebook 
and WhatsApp applications. Addictive Behaviors Reports, 9, 100148. 
https://doi.org/10.1016/j.abrep.2018.100148  

Siciliano, V., Bastiani, L., Mezzasalma, L., Thanki, D., Curzio, O., & Molinaro, S. (2015). 
Validation of a new Short Problematic Internet Use Test in a nationally representative 
sample of adolescents. Computers in Human Behavior, 45, 177–184. 
https://doi.org/10.1016/j.chb.2014.11.097  

Song, S., Park, B., Kim, J., Kim J., & Park N. (2019). Examining the Relationship 
between Life Satisfaction, Smartphone Addiction, and Maternal Parenting Behavior: A 
South Korean Example of Mothers with Infants. Child Indicators Research, 12, 1221–
1241. https://doi.org/10.1007/s12187-018-9581-0 

 Spencer, S. J., Steele, C. M., & Quinn, D. M. (1999). Stereotype threat and women's 
math performance. Journal of Experimental Social Psychology, 35(1), 4–28. 
https://doi.org/10.1006/jesp.1998.1373 

Spencer, S. J., Logel, C., & Davies, P. G. (2016). Stereotype threat. Annual Review of 
Psychology, 67, 415–437. https://doi.org/10.1146/annurev-psych-073115-103235  

Spiezia, V. (2011). Does computer use increase educational achievements? Student-level 
evidence from PISA. OECD Journal: Economic Studies, 2010 (1), 1–22. 
https://doi.org/10.1787/ECO_STUDIES-2010-5KM33SCWLVKF  

Torres-Díaz, J. C., Duart, J. M., Gomez-Alvarado, H. F., Marín-Gutiérrez, I., & Segarra-
Faggioni, V. (2016). Internet use and academic success in university 
students. Comunicar, 48, 61–70. https://doi.org/10.3916/C48-2016-06 

Twenge, J. M. (2017). IGen: why today's super-connected kids are growing up less 
rebellious, more tolerant, less happy- and completely unprepared for adulthood (and 



22 
 

what this means for the rest of us). First Atria books hardcover edition. New York: Atria 
Books. 

Van Deursen, A., & Van Dijk, J. (2008). Measuring digital skills. Performance tests of 
operational, formal, information and strategic internet skills among the Dutch 
population. Presented at the ICA Conference, Montreal, Canada, May 22–26. 

Verhoeven, M., Poorthuis, A. M. G., & Volman, M. (2019). The Role of School in 
Adolescents’ Identity Development. A Literature Review. Educational Psychology 
Review, 31, 35–63. https://doi.org/10.1007/s10648-018-9457-3  

Vigdor, J. L., Ladd, H. F., & Martinez, E. (2014). Scaling the digital divide: Home 
computer technology and student achievement. Economic Inquiry, 52(3), 1103–1119. 
https://doi.org/10.1111/ecin.12089  

Villafuerte, J., & Romero, A. (2017). Learners’ Attitudes toward Foreign Language 
Practice on Social Network Sites. Journal of education and learning, 6(4), 145–158. 
https://doi.org/10.5539/jel.v6n4p145  

von Stumm, S. (2017). Socioeconomic status amplifies the achievement gap throughout 
compulsory education independent of intelligence. Intelligence, 60, 57–62. 
https://doi.org/10.1016/j.intell.2016.11.006  

Wammes, J., Ralph, B., Mills, C., Bosch, N., Duncan, T., & Smilek, D. (2019). 
Disengagement during lectures: Media multitasking and mind wandering in university 
classrooms. Computers & Education, 132, 76–89. 
https://doi.org/10.1016/j.compedu.2018.12.007 

Wąsiński, A., & Tomczyk, Ł. (2015). Factors Reducing the Risk of Internet Addiction in 
Young People in their Home Environment. Children and Youth Services Review, 57, 68–
74. https://doi.org/10.1016/j.childyouth.2015.07.022  

Wigfield, A., Eccles, J., Yoon, K. S., Harold, R., Arbreton, A., Freedman-Doan, C., & 
Blumenfeld, P. (1997). Change in children’s competence beliefs and subjective task 
values across the elementary school years: A 3-year study. Journal of Educational 
Psychology, 89(3), 451–469. https://doi.org/10.1037/0022-0663.89.3.451  

Wightman, M. (2020). Gender differences in second language learning: Why they exist 
and what we can do about it. Knoxville: University of Tennessee. Retrieved from: 
https://trace.tennessee.edu/utk_chanhonoproj/2371  

Woessmann, L., & Fuchs, T. (2004). Computers and student learning: Bivariate and 
multivariate evidence on the availability and use of computers at home and at school. 
Munich: Center for Economic Studies. CESifo Working Paper Nº.1321. Category 4: 
Labour Markets. 

Zhang, Y., Qin, X., & Ren, P. (2018). Adolescents' academic engagement mediates the 
association between Internet addiction and academic achievement: The moderating effect 
of classroom achievement norm. Computers in Human Behavior 89, 299–307. 
https://doi.org/10.1016/j.chb.2018.08.018  

Zhou, D., Liu, J., & Liu, J. (2020). The effect of problematic Internet use on mathematics 
achievement: The mediating role of self-efficacy and the moderating role of teacher-
student relationships. Children and Youth Services Review, 118, 105372. 
https://doi.org/10.1016/j.childyouth.2020.105372  

Zhu, Y. Q., Chen, L. Y., Chen, H. G., & Chern, C. C. (2011). How does Internet 
information seeking help academic performance? The moderating and mediating roles of 



23 
 

academic self-efficacy. Computers & Education, 57(4), 2476–2484. 
https://doi.org/10.1016/j.compedu.2011.07.006   



24 
 

Appendix 

-Insert Table A1- 

-Insert Table A2- 

-Insert Table A3- 

-Insert Table A4- 

-Insert Table A5- 

-Insert Table A6- 

-Insert Table A7-  



25 
 

Table 1. Regression results for the social networks model 

 Competences in 
Reading 

Competences in 
Maths 

Competences in 
Science 

Competences in 
English 

Variables 
Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Female student (Ref.: Male) 0.219 0.33 -0.129 -0.03 0 0 0.145 0.241 
Index of ESCS 0.155 0.211 0.191 0.246 0.207 0.263 0.289 0.341 
Immigrant status (Ref.: Native) 0 0 0 0 -0.145 0.03 0.078 0.246 
Repeater before 6th grade (Ref: No) -0.648 -0.391 -0.648 -0.425 -0.535 -0.314 -0.773 -0.556 
Proportion of poor students in the 
school (1st quartile of the ESCS) 

0 0 -0.665 0.03 -0.686 -0.028 -1.145 -0.504 

Use of the Internet to search for 
information for studying (Google, 
Wikipedia, etc). (Ref.: Never or 
almost never) 

        

Every or almost every day -0.007 0.253 0 0 0 0 0.006 0.236 
Once/twice a week 0.077 0.29 0 0 -0.02 0.164 0.033 0.218 
Once/twice a month 0.04 0.245 0 0 0.021 0.22 0.068 0.251 
Missing flag 0.132 1.142 0.112 1.182 -0.088 0.935 0.04 0.787 

Use of the Internet to search for 
information about games or playing 
(online games). (Ref.: Never or 
almost never) 

        

Every or almost every day -0.187 -0.022 -0.003 0.147 -0.006 0.152 0.284 0 
Once/twice a week 0 0 0.017 0.152 0.019 0.153 0.268 0.111 
Once/twice a month -0.121 0.012 0 0 0 0 0.180 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about sports (Ref.: 
Never or almost never) 

       

Every or almost every day 0 0 -0.229 -0.066 -0.328 -0.177 -0.161 -0.013 
Once/twice a week -0.108 0.022 -0.167 -0.035 -0.231 -0.091 -0.126 0.004 
Once/twice a month 0 0 0 0 -0.144 -0.025 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about music or cinema 
(YouTube, Spotify, etc) (Ref.: 
Never or almost never) 

        

Every or almost every day 0.084 0.235 0.041 0.208 0.106 0.263 0.097 0.232 
Once/twice a week 0.031 0.174 0.046 0.206 0.06 0.208 0.045 0.179 
Once/twice a month 0 0 0.006 0.166 0.028 0.186 -0.012 0.132 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet to search for 
information about other hobbies 
(Ref: Never or almost never) 

        

Every or almost every day 0.082 0.245 0.069 0.229 0.121 0.278 0.019 0.178 
Once/twice a week 0.042 0.196 0.09 0.236 0.1 0.252 0 0.137 
Once/twice a month 0.029 0.179 0.067 0.218 0.076 0.227 0.014 0.157 
Missing flag -0.841 0.128 -0.546 0.102 0 0 -0.731 0.03 

Use the Internet for social networks 
(Facebook, Twitter, Instagram, 
Musically, etc) (Ref: Never or 
almost never) 

        

Every or almost every day -0.197 -0.063 -0.212 -0.076 -0.273 -0.142 -0.212 -0.081 
Once/twice a week -0.146 -0.006 -0.166 -0.032 -0.229 -0.1 -0.119 0.014 
Once/twice a month -0.191 -0.02 0 0 -0.183 -0.017 0 0 
Missing flag 0 0 0 0 0 0 0 0 
         

Constant -0.502 -0.172 0 0 0 0 0 0 
Observations 13,296 13,296 13,296 13,296 
R-squared 0.084 0.103 0.118 0.223 

Notes: Dependent variables: Students’ standardised scores in Reading, Mathematics, Science and English. 
Estimation method: Ordinary Least Squares (OLS). Standard errors are clustered at school level. 
Significance: Variables are significant at least at 10%. In case they are not significant, the value "0" is displayed. 
Source: Authors’ own calculations.  
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Table 2. Mono-objective problem. Ideal solutions and individual optimal values for the 
social networks model 

  
Competences 

in Reading 
Competences 

in Maths 
Competences 

in Science 
Competences 

in English 

Variables Notation x௞ୀଵ
∗  x௞ୀଶ

∗  x௞ୀଷ
∗  x௞ୀସ

∗  

Female student  x1 1 0 0 1 
Index of ESCS x2 0.149 0.149 0.149 0.0676 
Immigrant status  x3 0 0 0 1 
Repeater before 6th grade x4 0 0 0 0 
Proportion of poor students in the school (1st 
quartile of the ESCS) 

x5 0.236 0.2113 0.2113 0.2211 

Internet for studying: every or almost every day x6 0 1 0 0 
Internet for studying: Once/twice a week x7 1 0 0 0 
Internet for studying: Once/twice. a month x8 0 0 1 1 
Internet for gaming: every or almost every day x9 0 0 0 0 
Internet for gaming: Once/twice a week x10 0 1 1 1 
Internet for gaming: Once/twice a month x11 0 0 0 0 
Internet for sports: every or almost every day x12 0 0 0 0 
Internet for sports: Once/twice a week x13 0 0 0 0 
Internet for sports: Once/twice a month x14 0 0 0 0 
Internet for music: every or almost every day x15 1 0 1 1 
Internet for music: Once/twice a week x16 0 1 0 0 
Internet for music: Once/twice a month x17 0 0 0 0 
Internet for other hobbies: every or almost every 
day 

x18 
1 0 1 1 

Internet for other hobbies: Once/twice a week x19 0 1 0 0 
Internet for other hobbies: Once/twice a month x20 0 0 0 0 
Internet for social networks: every or almost 
every day 

x21 
0 0 0 0 

Internet for social networks: Once/twice a week x22 0 0 0 0 
Internet for social networks: Once/twice a month x23 0 0 0 1 
      
Optimal values   𝑍௞ୀଵ

∗  𝑍௞ୀଶ
∗  𝑍௞ୀଷ

∗  𝑍௞ୀସ
∗  

Standardised scores 0.472 0.339 0.549 0.664 
Source: Authors’ own calculation.  
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Table 3. Multiobjective interval problem. Possibly efficient solution achieved values for 
the social networks model 

Variables Notation Solution 
Female student  x1 1 
Index of ESCS x2 0.149 
Immigrant status  x3 0 
Repeater before 6th grade x4 0 
Proportion of poor students in the school (1st quartile of the ESCS) x5 0.2113 
Internet for studying: every or almost every day x6 0 
Internet for studying: Once/twice a week x7 0 
Internet for studying: Once/twice. a month x8 1 
Internet for gaming: every or almost every day x9 0 
Internet for gaming: Once/twice a week x10 1 
Internet for gaming: Once/twice a month x11 0 
Internet for sports: every or almost every day x12 0 
Internet for sports: Once/twice a week x13 0 
Internet for sports: Once/twice a month x14 1 
Internet for music: every or almost every day x15 1 
Internet for music: Once/twice a week x16 0 
Internet for music: Once/twice a month x17 0 
Internet for other hobbies: every or almost every day x18 1 
Internet for other hobbies: Once/twice a week x19 0 
Internet for other hobbies: Once/twice a month x20 0 
Internet for social networks: every or almost every day x21 0 
Internet for social networks: Once/twice a week x22 0 
Internet for social networks: Once/twice a month x23 0 

Achieved values 𝑍௞
௅ሺ𝐱ሻ / 𝑍௞

௎ሺ𝐱ሻ 
Competences in Reading (𝑘 ൌ 1ሻ -0.054/0.914 
Competences in Mathematics (𝑘 ൌ 2ሻ -0.115/0.602 
Competences in Science (𝑘 ൌ 3ሻ -0.009/0.922 
Competences in English (𝑘 ൌ 4ሻ 0.112/0.957 

Source: Authors’ own calculation.  



28 
 

Table A1. Descriptive statistics 
 
    Mean S.D. n 

Test scores 

Reading 0.046 0.998 13296 
Maths 0.045 0.994 13296 
Science 0.050 0.995 13296 
English 0.070 0.991 13296 

Gender 
Female 0.500 0.500 13296 
Male 0.500 0.500 13296 

Immigrant status 
Native 0.878 0.328 13296 

Immigrant (first or second generation) 0.122 0.328 13296 

Index of Economic, Social and Cultural Status 0.046 0.994 13296 

Repeater 
Yes 0.039 0.193 13296 
No 0.961 0.193 13296 

School composition 
Proportion of poor students in the 
school (1st quartile of the ESCS)  

0.238 0.172 13296 

Use of the Internet to search for information for 
studying (Google, Wikipedia, etc) 

Every or almost every day 0.193 0.395 13296 

Once or twice a week 0.452 0.498 13296 
Once or twice a month 0.224 0.417 13296 
Never or almost never 0.056 0.230 13296 
Missing Flags 0.076 0.264 13296 

Use of the Internet to search for information about 
games or playing (online games) 

Every or almost every day 0.141 0.348 13296 
Once or twice a week 0.241 0.428 13296 
Once or twice a month 0.207 0.405 13296 
Never or almost never 0.333 0.471 13296 
Missing Flags 0.077 0.267 13296 

Use of the Internet to search for information about 
sports 

Every or almost every day 0.122 0.327 13296 
Once or twice a week 0.172 0.377 13296 
Once or twice a month 0.252 0.434 13296 
Never or almost never 0.376 0.484 13296 
Missing Flags 0.077 0.267 13296 

Use of the Internet to search for information about 
music or cinema (YouTube, Spotify, etc) 

Every or almost every day 0.329 0.470 13296 
Once or twice a week 0.259 0.438 13296 
Once or twice a month 0.160 0.367 13296 
Never or almost never 0.175 0.380 13296 
Missing Flags 0.077 0.266 13296 

Use the Internet to search for information about other 
hobbies 

Every or almost every day 0.233 0.423 13296 
Once or twice a week 0.361 0.480 13296 
Once or twice a month 0.221 0.415 13296 
Never or almost never 0.107 0.309 13296 
Missing Flags 0.078 0.268 13296 

Use the Internet to communicate with others 
(WhatsApp, Telegram, Hangout, etc) 

Every or almost every day 0.400 0.490 13296 
Once or twice a week 0.190 0.392 13296 
Once or twice a month 0.080 0.271 13296 
Never or almost never 0.254 0.435 13296 
Missing Flags 0.077 0.266 13296 

Use the Internet for social networks (Facebook, 
Twitter, Instagram, Musically, etc) 

Every or almost every day 0.216 0.411 13296 
Once or twice a week 0.167 0.373 13296 
Once or twice a month 0.087 0.282 13296 
Never or almost never 0.453 0.498 13296 
Missing Flags 0.077 0.267 13296 

Notes: “S.D.” stands for “Standard deviation” and “n” indicates “Observations”. 
Source: Authors’ own calculation. 
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Table A2. Notation of decision variables 

Variables 
Notation 

Type of 
variable 

Bounds 

Female student  x1 Binary 0 or 1 
Index of ESCS x2 Continuous [-3.773, 3.078] 
Immigrant status x3 Binary 0 or 1 
Repeater before 6th grade x4 Binary 0 or 1 
Proportion of poor students in the school (1st quartile of the ESCS) x5 Continuous [0, 0.889] 
Use the Internet for studying     

Every or almost every day x6 Binary 0 or 1 
Once/twice a week x7 Binary 0 or 1 
Once/twice a month x8 Binary 0 or 1 

Use of the Internet to search for information about games or playing    
Every or almost every day x9 Binary 0 or 1 
Once/twice a week x10 Binary 0 or 1 
Once/twice a month x11 Binary 0 or 1 

Use of the Internet to search for information about sports     
Every or almost every day x12 Binary 0 or 1 
Once/twice a week x13 Binary 0 or 1 
Once/twice a month x14 Binary 0 or 1 

Use of the Internet to search for information about music or cinema 
(YouTube, Spotify, etc) 

   

Every or almost every day x15 Binary 0 or 1 
Once/twice a week x16 Binary 0 or 1 
Once/twice a month x17 Binary 0 or 1 

Use the Internet to search for information about other hobbies    
Every or almost every day x18 Binary 0 or 1 
Once/twice a week x19 Binary 0 or 1 
Once/twice a month x20 Binary 0 or 1 

Use the Internet for social networks (Facebook, Twitter, Instagram, 
Musically, etc) 

   

Every or almost every day x21 Binary 0 or 1 
Once/twice a week x22 Binary 0 or 1 
Once/twice a month x23 Binary 0 or 1 

Source: Authors’ own calculation.  
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Table A3. Regression results for the social networks model with school fixed-effects 

 Competences in 
Reading 

Competences in 
Maths 

Competences in 
Science 

Competences in 
English 

Variables 
Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Female student (Ref.: Male) 0.247 0.332 -0.115 -0.028 0 0 0.153 0.233 
Index of ESCS 0.151 0.196 0.190 0.236 0.204 0.250 0.258 0.300 
Immigrant status (Ref.: Native) 0 0 -0.003 0.128 0 0 0.181 0.299 
Repeater before 6th grade (Ref: 
No) -0.591 -0.388 -0.647 -0.438 -0.551 -0.343 -0.730 -0.541 
Use of the Internet to search for 
information for studying (Google, 
Wikipedia, etc). (Ref.: Never or 
almost never)         

Every or almost every day -0.001 0.190 0 0 0 0 -0.017 0.161 
Once/twice a week 0.040 0.215 -0.027 0.153 -0.017 0.162 0.023 0.186 
Once/twice a month 0.039 0.221 -0.012 0.175 -0.001 0.185 0.050 0.219 
Missing flag 0 0 -0.087 0.996 0 0 0 0 

Use of the Internet to search for 
information about games or 
playing (online games). (Ref.: 
Never or almost never)         

Every or almost every day -0.160 -0.023 0.018 0.159 0.013 0.152 -0.012 0.116 
Once/twice a week -0.095 0.015 0.034 0.147 0.034 0.146 -0.001 0.102 
Once/twice a month -0.108 0.002 0 0 0 0 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about sports (Ref.: 
Never or almost never)        

Every or almost every day 0 0 -0.219 -0.080 -0.343 -0.205 -0.151 -0.025 
Once/twice a week -0.102 0.015 -0.151 -0.031 -0.228 -0.109 -0.123 -0.014 
Once/twice a month 0 0 0 0 -0.137 -0.035 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about music or cinema 
(YouTube, Spotify, etc) (Ref.: 
Never or almost never)         

Every or almost every day 0.075 0.205 0.027 0.161 0.091 0.224 0.089 0.210 
Once/twice a week 0.032 0.158 0.021 0.151 0.037 0.166 0.031 0.149 
Once/twice a month 0 0 -0.016 0.124 0.013 0.151 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet to search for 
information about other hobbies 
(Ref: Never or almost never)         

Every or almost every day 0.099 0.249 0.066 0.220 0.134 0.288 0.052 0.192 
Once/twice a week 0.080 0.219 0.084 0.228 0.115 0.257 0.037 0.167 
Once/twice a month 0.054 0.198 0.057 0.205 0.077 0.224 0.025 0.160 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet for social 
networks (Facebook, Twitter, 
Instagram, Musically, etc) (Ref: 
Never or almost never)         

Every or almost every day -0.182 -0.072 -0.207 -0.095 -0.275 -0.163 -0.194 -0.092 
Once/twice a week -0.121 -0.007 -0.167 -0.050 -0.235 -0.118 -0.123 -0.017 
Once/twice a month -0.170 -0.027 0 0 -0.192 -0.045 0 0 
Missing flag 0 0 0 0 0 0 0 0 

School fixed-effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
         

Constant -0.410 -0.204 -0.203 0.010 -0.219 -0.008 -0.355 -0.163 
Observations 13,296 13,296 13,296 13,296 
R-squared 0.090 0.083 0.096 0.151 
Number of schools 477 477 477 477 

Notes: Dependent variables: Students’ standardised scores in Reading, Mathematics, Science and English. 
Estimation method: Ordinary Least Squares (OLS) with school fixed-effects. 
Significance: Variables are significant at least at 10%. In case they are not significant, the value "0" is displayed. 
Source: Authors’ own calculations.  
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Table A4. Regression results for the WhatsApp model 

 Competences in 
Reading 

Competences in 
Maths 

Competences in 
Science 

Competences in 
English 

Variables 
Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

         
Female student (Ref.: Male) 0.194 0.303 -0.155 -0.057 -0.091 0.012 0.127 0.222 
Index of ESCS 0.161 0.217 0.197 0.251 0.215 0.27 0.293 0.344 
Immigrant status (Ref.: Native) 0 0 0 0 -0.147 0.027 0.077 0.245 
Repeater before 6th grade (Ref: No) -0.657 -0.401 -0.657 -0.433 -0.545 -0.325 -0.78 -0.564 
Proportion of poor students in the 
school (1st quartile of the ESCS) 

0 0 -0.667 0.026 -0.686 -0.03 -1.144 -0.504 

 
Use of the Internet to search for 
information for studying (Google, 
Wikipedia, etc). (Ref.: Never or 
almost never) 

        

Every or almost every day -0.006 0.253 0 0 0 0 0.007 0.238 
Once/twice a week 0.079 0.291 0 0 -0.016 0.169 0.037 0.223 
Once/twice a month 0.041 0.246 0 0 0.027 0.226 0.071 0.254 
Missing flag 0.186 1.163 0.213 1.23 0.012 0.987 0.129 0.844 

Use of the Internet to search for 
information about games or playing 
(online games). (Ref.: Never or 
almost never) 

        

Every or almost every day -0.195 -0.029 -0.013 0.137 -0.014 0.144 0 0 
Once/twice a week 0 0 0.014 0.149 0.017 0.15 -0.019 0.11 
Once/twice a month -0.121 0.013 0 0 0 0 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about sports (Ref.: 
Never or almost never) 

       

Every or almost every day 0 0 -0.241 -0.078 -0.345 -0.192 -0.17 -0.021 
Once/twice a week -0.113 0.016 -0.171 -0.04 -0.238 -0.099 -0.128 0.003 
Once/twice a month 0 0 0 0 -0.148 -0.029 0 0 
Missing flag 0 0 -0.58 0.108 0 0 0 0 

Use of the Internet to search for 
information about music or cinema 
(YouTube, Spotify, etc) (Ref.: 
Never or almost never) 

        

Every or almost every day 0.044 0.197 0.001 0.165 0.055 0.211 0.074 0.21 
Once/twice a week 0.011 0.154 0.028 0.185 0.036 0.185 0.039 0.173 
Once/twice a month 0 0 -0.003 0.157 0.019 0.176 -0.012 0.131 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet to search for 
information about other hobbies 
(Ref: Never or almost never) 

        

Every or almost every day 0.07 0.235 0.059 0.219 0.109 0.266 0.014 0.176 
Once/twice a week 0.035 0.19 0.085 0.231 0.095 0.247 0.002 0.141 
Once/twice a month 0.026 0.176 0.066 0.217 0.074 0.225 0.016 0.16 
Missing flag -0.829 0.121 0 0 0 0 -0.688 0.088 

Use the Internet to communicate 
with others (WhatsApp, Telegram, 
Hangout, etc) (Ref: Never or almost 
never) 

        

Every or almost every day 0 0 0 0 0 0 -0.113 0.013 
Once/twice a week 0 0 0 0 0 0 0 0 
Once/twice a month 0 0 0 0 -0.19 -0.004 0 0 
Missing flag 0 0 -1.524 0.218 -1.167 0.05 -1.275 0.21 
         

Constant -0.514 -0.182 0 0 0 0 0 0 
Observations 13,296 13,296 13,296 13,296 
R-squared 0.082 0.1 0.113 0.221 

Notes: Dependent variables: Students’ standardised scores in Reading, Mathematics, Science and English. 
Estimation method: Ordinary Least Squares (OLS). Standard errors are clustered at school level. 
Significance: Variables are significant at least at 10%. In case they are not significant, the value "0" is displayed. 
Source: Authors’ own calculations.  
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Table A5. Regression results for the WhatsApp model with school fixed-effects 

 Competences in 
Reading 

Competences in 
Maths 

Competences in 
Science 

Competences in 
English 

Variables 
Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

         
Female student (Ref.: Male) 0.222 0.306 -0.141 -0.055 -0.072 0.015 0.129 0.207 
Index of ESCS 0.156 0.201 0.195 0.241 0.211 0.257 0.263 0.305 
Immigrant status (Ref.: Native) 0 0 -0.004 0.127 0 0 0.180 0.299 
Repeater before 6th grade (Ref: No) -0.599 -0.397 -0.654 -0.445 -0.560 -0.352 -0.737 -0.548 
Use of the Internet to search for 
information for studying (Google, 
Wikipedia, etc). (Ref.: Never or 
almost never)         

Every or almost every day -0.003 0.189 0 0 0 0 -0.018 0.160 
Once/twice a week 0.041 0.216 -0.025 0.155 -0.014 0.165 0.025 0.189 
Once/twice a month 0.039 0.221 -0.010 0.178 0.004 0.191 0.052 0.222 
Missing flag -0.184 0.873 -0.018 1.071 0 0 0 0 

Use of the Internet to search for 
information about games or playing 
(online games). (Ref.: Never or 
almost never)         

Every or almost every day -0.167 -0.030 0.011 0.153 0.008 0.149 -0.018 0.110 
Once/twice a week -0.097 0.014 0.033 0.147 0.033 0.146 -0.003 0.100 
Once/twice a month -0.108 0.003 0 0 0 0 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about sports (Ref.: 
Never or almost never)        

Every or almost every day 0 0 -0.231 -0.091 -0.359 -0.220 -0.162 -0.035 
Once/twice a week -0.107 0.009 -0.156 -0.036 -0.235 -0.115 -0.128 -0.019 
Once/twice a month 0 0 0 0 -0.142 -0.039 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use of the Internet to search for 
information about music or cinema 
(YouTube, Spotify, etc) (Ref.: Never 
or almost never)         

Every or almost every day 0.035 0.166 -0.012 0.123 0.045 0.179 0.053 0.175 
Once/twice a week 0.011 0.138 0.003 0.133 0.015 0.145 0.014 0.132 
Once/twice a month 0 0 -0.023 0.117 0.004 0.143 0 0 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet to search for 
information about other hobbies 
(Ref: Never or almost never)         

Every or almost every day 0.088 0.239 0.058 0.213 0.126 0.280 0.043 0.183 
Once/twice a week 0.074 0.213 0.081 0.225 0.111 0.254 0.034 0.164 
Once/twice a month 0.051 0.195 0.058 0.206 0.076 0.224 0.025 0.159 
Missing flag 0 0 0 0 0 0 0 0 

Use the Internet to communicate 
with others (WhatsApp, Telegram, 
Hangout, etc) (Ref: Never or almost 
never)         

Every or almost every day 0 0 0 0 -0.121 -0.011 0 0 
Once/twice a week 0 0 0 0 -0.109 0.015 -0.018 0.095 
Once/twice a month 0 0 0 0 -0.184 -0.022 0 0 
Missing flag 0 0 -1.468 0.127 -1.305 0.282 0 0 

School fixed-effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
         

Constant -0.422 -0.214 -0.214 0.001 -0.220 -0.006 -0.370 -0.175 
Observations 13,296 13,296 13,296 13,296 
R-squared 0.088 0.079 0.089 0.148 
Number of schools 477 477 477 477 

Notes: Dependent variables: Students’ standardised scores in Reading, Mathematics, Science and English. 
Estimation method: Ordinary Least Squares (OLS) with school fixed-effects. 
Significance: Variables are significant at least at 10%. In case they are not significant, the value "0" is displayed. 
Source: Authors’ own calculations.  



33 
 

Table A6. Monoobjective problem. Ideal solutions and individual optimal values for the 
WhatsApp model 

  
Competences 

in Reading 
Competences 

in Maths 
Competences 

in Science 
Competences 

in English 

Variables Notation x௞ୀଵ
∗  x௞ୀଶ

∗  x௞ୀଷ
∗  x௞ୀସ

∗  

Female student  x1 1 0 0 1 
Index of ESCS x2 0.149 0.149 0.149 0.0676 
Immigrant status  x3 0 0 0 1 
Repeater before 6th grade x4 0 0 0 0 
Proportion of poor students in the school (1st 
quartile of the ESCS) 

x5 0.2349 0.2113 0.2113 0.2211 

Internet for studying: every or almost every day x6 0 1 0 0 
Internet for studying: Once/twice a week x7 1 0 0 0 
Internet for studying: Once/twice. a month x8 0 0 1 1 
Internet for gaming: every or almost every day x9 0 0 0 0 
Internet for gaming: Once/twice a week x10 0 1 1 1 
Internet for gaming: Once/twice a month x11 0 0 0 0 
Internet for sports: every or almost every day x12 0 0 0 0 
Internet for sports: Once/twice a week x13 0 0 0 0 
Internet for sports: Once/twice a month x14 0 0 0 1 
Internet for music: every or almost every day x15 1 0 1 1 
Internet for music: Once/twice a week x16 0 1 0 0 
Internet for music: Once/twice a month x17 0 0 0 0 
Internet for other hobbies: every or almost every 
day 

x18 1 0 1 1 

Internet for other hobbies: Once/twice a week x19 0 1 0 0 
Internet for other hobbies: Once/twice a month x20 0 0 0 0 
Internet for WhatsApp: every or almost every 
day 

x21 0 0 0 0 

Internet for WhatsApp: Once/twice a week x22 0 0 0 0 
Internet for WhatsApp: Once/twice a month x23 0 0 0 1 
      
Optimal values   𝑍௞ୀଵ

∗  𝑍௞ୀଶ
∗  𝑍௞ୀଷ

∗  𝑍௞ୀସ
∗  

Standardised scores 0.386 0.313 0.493 0.618 

Source: Authors’ own calculation.  
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Table A7. Multiobjective interval problem. Possibly efficient solution achieved values 
for the WhatsApp model 

Variables Notation Solution 
Female student  x1 1 
Index of ESCS x2 0.0676 
Immigrant status  x3 1 
Repeater before 6th grade x4 0 
Proportion of poor students in the school (1st quartile of the ESCS) x5 0.2211 
Internet for studying: every or almost every day x6 0 
Internet for studying: Once/twice a week x7 0 
Internet for studying: Once/twice. a month x8 1 
Internet for gaming: every or almost every day x9 0 
Internet for gaming: Once/twice a week x10 1 
Internet for gaming: Once/twice a month x11 0 
Internet for sports: every or almost every day x12 0 
Internet for sports: Once/twice a week x13 0 
Internet for sports: Once/twice a month x14 0 
Internet for music: every or almost every day x15 1 
Internet for music: Once/twice a week x16 0 
Internet for music: Once/twice a month x17 0 
Internet for other hobbies: every or almost every day x18 1 
Internet for other hobbies: Once/twice a week x19 0 
Internet for other hobbies: Once/twice a month x20 0 
Internet for WhatsApp: every or almost every day x21 0 
Internet for WhatsApp: Once/twice a week x22 1 
Internet for WhatsApp: Once/twice a month x23 0 

Achieved values 𝑍௞
௅ሺ𝐱ሻ / 𝑍௞

௎ሺ𝐱ሻ 
Competences in Reading (𝑘 ൌ 1ሻ -0.154/0.814 
Competences in Mathematics (𝑘 ൌ 2ሻ -0.215/0.499 
Competences in Science (𝑘 ൌ 3ሻ -0.167/0.904 
Competences in English (𝑘 ൌ 4ሻ 0.111/1.129 

Source: Authors’ own calculation. 


