Isthe Use of ICT in Education Leading to Higher Student Outcomes?

Analysis from the Spanish Autonomous Communities

Abstract

The impact of ICT on educational achievements t®m@troversial issue which has
attracted increasing attention from both policy erakand researchers. Policy makers have
shown great enthusiasm over the positive impat€dfon teaching and learning, investing
substantially in this area. However, scientificdmrice does not clearly support this effort.

This paper analyses the impact of the use of ICSchbol on students’ outcomes in
compulsory secondary education in maths, readidgeience. It uses data from three rounds
of PISA (2009, 2012, 2015) for Spanish regions ¢heimous Communities). From this, the
paper analyses whether, in those Autonomous Contimsinvhich have taken greater steps
in increasing the use of ICT at school, educationétomes have improved more than in the
others. This analysis takes advantage of the diéjeof representative samples for Spanish
Autonomous Communities in PISA, together with aotog and variability across them as
regards the use of ICT at school. This makes isiptesto capture the effect of the different
policies adopted by Spanish Autonomous Communitiethe use of ICT at school.

The results show that an increase in the use ofdC%$chool in an Autonomous
Community does not render positive effects on P$8éres in maths and reading, whilst we
do find a positive effect on PISA scores in scierldeese results suggest that the impact of
ICT on educational outcomes depends on the sulgjedt on the type of use of the
technologies. As a result, policies oriented atdasing the educational use of ICT should
require a careful evaluation, to identify in whiglds, for which uses and for which methods

of use, it may render a positive effect on educaii@utcomes.

Keywords. Educational outcomes; ICT; Applications in subjactas; Secondary education;

Computers.

1 Introduction

The use of Information and Communication Techn@sdiCT) in teaching and
learning has increased substantially over theféagtyears in most developed countries
(Comi, Argentin, Gui, Origo & Pagani, 2017; Faltkang & Woessmann, 2018). Many
governments have made large investments in eq@pgahools with ICT devices and
tools. As a result, the use of ICT-related toolscfsas computer-based learning, email

and websites) in teaching practices has rapidlgagprPolicy makers have often been
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enthusiastic about the positive effects of ICT earhing outcomes. However, research
has not found any clear evidence to support the@a, 2010; Livingstone, 2012;
OECD, 2015a). In this context, the impact of ICT edsucational achievements has

become a highly controversial issue.

Theoretical arguments in favour of a positive dffe€ ICT on educational
achievements point out that they can improve studettomes by increasing access to
information and to a wider range of resources dariing (Spiezia, 2010). Also, the use
of ICT may promote individualised instruction anbledter monitoring of student progress
(Falcket al, 2018). According to views in favour of ICT, textogies would increase
students’ flexibility and autonomy, whilst also imging their learning attitudes and
experiences (De Witte & Rogge, 2014; Alderete, Edllb & Formichella, 2017). ICT
may be used to enhance teaching material, andke ressons more complete, attractive
or interactive (Comet al, 2017). As a result, the use of ICT would impretedents’
educational outcomes whilst, at the same timejsgite reduce educational costs in the
long run (De Witte & Rogge, 2014).

In contrast, arguments against the use of ICT doicational purposes claim they
may distract students from learning (Spiezia, 2006; Witte & Rogge, 2014) and
undermine the need for work and discipline (Faétkal, 2018). Moreover, ICT are
criticised for restricting students’ creativity (8pia, 2010). Critical views on the use of
ICT in education are also sceptical on the techyioldly-mediated relation between
teacher and learner, and the negative consequeheeseduction in human interaction
resulting from ICT (Livingstone, 2012; De Witte &Bge, 2014). For instance, many
ICT-based applications identify which questionsdstits get wrong, but teachers can
better identify why students make mistakes andaoktethem (Cromley, 2000).
Additionally, the benefits of ICT would also depemtthe capability of schools to adapt
their organisation and teaching methods (Spieflap}®, and on the skills teachers and
students have for using ICT effectively (De WitteRgge, 2014). Taking into account
the arguments of both the positive and negativersvien the use of ICT in education,
Falcket al (2018) argue that there may be some activitieghich ICT-based education

Is superior to traditional instruction, whilst thpposite may be true for other activities.

The effect of the use of ICT on educational outcemestill an open question, both
from a theoretical and from an empirical point ggw. It constitutes a crucial concern

for research and for policy making, given the lairgeestments being made in this area
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(Angrist & Lavy, 2002; Spiezia, 2010; Cosetial, 2017). In spite of this, very few studies
have examined the impact of policies on the u3€®dfon educational outcomes by using
large-scale international surveys. Some experinhami@yses have been carried out on
this issue, consisting of small-scale ad-hoc stuh@ostly at class-level, school-level or
regional-level), which limits their external valigi(De Witte & Rogge, 2014). Studies

based on large-scale international surveys, howevave largely been limited to

exploring statistical associations between edugatioutcomes and individual, school or
country characteristics related to ICT, without@fie research designs which allow the

impact of ICT on educational outcomes to be meaks(Beagi & Loi, 2013).

This paper analyses the policy impact of the uskCa@fin teaching practices on
educational outcomes in maths, reading and sciarsiag data from three different
rounds of PISA (2009, 2012 and 2015) for the Spmaniegions (Autonomous
Communities). The policy impact is analysed by @lting the average use of ICT at
school in each year and each Autonomous Commusigm this, we evaluate whether
those Communities which have taken greater stepeinasing the use of ICT at school
have achieved higher improvements in students’ P38&es. This empirical strategy
takes advantage of three characteristics of PIS@& flar the Spanish Autonomous
Communities: 1) PISA provides representative sasnflemost Communities in all the
three rounds under analysis (2009, 2012 and 2@)%}pommunities are autonomous in
deciding on the endowments and use of ICT in edutaB) There exists, in practice,
broad variability across Communities in the exwitse of ICT at school. Spain is the
unique case in PISA in which these three charatiesj which are essential to capture
differences in regional policies on the educatiarsa of ICT within a single educational
system, are simultaneously fulfilléd=rom this approach, this paper contributes to the
literature on the policy impact of ICT on educaibautcomes by providing evidence on

this issue from an internationally equivalent lasgale survey: PISA.

The paper is structured as follows. After thisadtiction, the next section provides

a detailed review of the literature on the relaginip between ICT and educational

1 PISA includes representative samples at the regjlemel in 2009, 2012 and 2015 for Belgium,
Italy and the UK, in addition to Spain. Howevemliiin regions do not hold autonomy in educational
policies, whilst the number of regional units agble in PISA in Belgium and the UK (2 and 3,
respectively) do not provide sufficient variabilityr the analysis. Finally, PISA includes repreaéie
samples of the 10 Canadian regions in 2012 and,20it5ot in 2009; and representative samplesef th
Australian and Mexican regions in 2012, but nahia rest of the years considered.
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achievements. The third section explains the dat@gbles and methodology used in our
analysis. The fourth section describes the resflthhe econometric analysis on the
impact of the use of digital devices in teachinggtices on educational outcomes. The
fifth section concludes the study, summarising disdussing the main results obtained,

as well as their implications for educational pieléc

2 Theuseof ICT and educational outcomes; literaturereview

Over the last two decades, a significant numbestatlies have analysed the
relationship between the availability and use of l&d educational outcomes. These
studies can be classified in two groups: on the baed, experimental and quasi-
experimental studies, based on research designehwdliow causal effects of the
availability and/or use of ICT on educational ouas to be inferred; and on the other
hand, empirical analyses based on large interraltidata sets on cognitive outcomes
(such as PISA, PIRLS and TIMMS), which enable evaderepresentative at the student

population level and comparable across countrié®tobtained.

2.1. Evidence from experimental and quasi-experimental analyses

Experimental and quasi-experimental analyses oretagonship between ICT and
educational outcomes are based on sophisticatedrasdesigns which allow the causal
relation between both issues to be captured. Honvélvey are also typically based on
ad-hoc small-scale studies, which limits their exdvalidity (De Witte & Rogge, 2014):
i.e., to obtain findings generalizable across dé#ife contexts and different countries. In
fact, as these studies use different sources diferetit variables (in particular, for
measuring both the use of ICT and educational oms), it is difficult even to compare

their findings across different contexts and défgrcountries.

Several of these experimental or quasi-experimemtalyses have found non-
significant effects of the use of ICT on education#comes.

As an early example, Angrist & Lavy (2002) usedadunal experiment to estimate
the effect of the installation of computers on bitdhuse for educational purposes and on
students’ achievements. These authors took theafaséarge-scale computerisation in
Israeli schools, carrying out a controlled comparibetween schools that participated in
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the program and schools that did not. They fourad the installation of computers
increased the use of this tool for instruction. leer, it did not improve students’ scores
in tests on maths and language knowledge. Theberawtven found a negative effect on

maths scores amond 4rade students.

In another paper, Rouse & Krueger (2004) undertmolexperimental analysis in
four US schools on the effects of an instructioc@hputer program on language and
reading ability of students with learning diffice$. They found that the program
improved a few aspects of students’ language skilileasured according to tests
developed by the company which produced the progkiowever, these gains were not

detected in measures of language or reading sWilésh using standardised tests.

Goolsbee & Guryan (2006) evaluated the effectafl@sidy on Internet investment
in Californian public schools, exploiting the vdram in the subsidy rate across schools.
The authors used a regression discontinuity designtrolling for the schools’ socio-
demographic characteristics that determined theat@n in subsidy rates. They
complemented it with an estimation using an ordimagression framework. The authors
found that the subsidy significantly increased staeent in Internet technology among
schools. However, using a variety of test scoresaths, reading and science skills, they
did not find any significant effect of the program student performance.

In a more recent paper, Cragal (2013) implemented an experiment in four US
schools for evaluating the effects of an intelligeeoring system for after-school classes
of maths. They found that students’ performance,wal as their conduct and
involvement, remained at similar levels in the teeagroup and in those following
traditional teaching methods. Nevertheless, stsiasing the ICT-based system required

less assistance.

There are other studies, however, which have f@undgative effect of the use of

ICT on educational outcomes in specific settings.

Leuven, Lindahl, Oosterbeek & Webbink (2007) eviddahe effect of a subsidy
on the acquisition of computers and software inNle¢herlands, which was targeted at
schools with a high presence of students from ethmnorities or from families with a
low educational attainment. These authors followeakgression discontinuity design,
from the cut-off used for assigning the subsidgdbools, and they estimated the effects

of the subsidies on students’ academic results)essured in national tests. They found
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a negative effect of the subsidy on both languagkraaths achievements, which was

particularly high among girls.

More recently, Mora, Escardibul & Di Pietro (201&)alysed the impact of a
program run by the autonomous government of Catlon Spain, which provided
laptops, wireless connectivity and digital boamigparticipating schools. These authors
used information on students’ performance at tlieagprimary education and at the end
of compulsory secondary education, obtained fromea®ment tests implemented by the
Catalan government, and compared the evolutiomefrésults of students in schools
which participated in the program and in schoolsciwhdid not. They found that
participation in the program was associated witbdaiction in scores in maths, English,

Spanish and Catalan language.

In contrast, other experimental studies have foangbsitive effect of ICT on

educational outcomes in certain settings.

Banerjee, Cole, Duflo & Linden (2007) implemented @xperiment in urban
schools in India, focused on evaluating the impaic computer-assisted learning
program for maths on the educational outcomes odireim from poor families. They
found that the program increased students’ scoresaths in its first and second year of
implementation. This result differs from previousidies in developed countries,
something which the authors of this paper accoufitedn the basis of the specific
context of India and, in particular, the wide sbagap between students from poor
families and their teachers.

Barrow, Markman & Rouse (2009) carried out an eixpental analysis of the
effects of an instructional computer program fgehlra in three US urban school districts
with a high proportion of students from ethnic mrities. The program was accompanied
by an increased attention of teachers to individasiruction when students required
additional assistance. Using a variety of tesessé¢hauthors found that students assigned
to computer-aided instruction scored significantligher than those assigned to
traditional instruction, although this was not abveel in all of the districts. They
associated this result to the more individualisestruction, as they found the effects were

higher in larger and more heterogeneous classdsnamasses with high absenteeism.

Bartelet, Ghysels, Groot, Haelermans & Maasen emBtink (2016) also used an

experimental design to evaluate the effectivenéas optional web-based maths tutoring
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system offered for homework by a school in the Mdémnds. They found that this tool
was associated with a higher improvement in achieregs, especially among low

achievers, although the effect depended on theamnatical domain considered.

The evidence from these last studies suggestst thght not be ICTper se but
rather the use of ICT which may render positive&# of ICT on educational outcomes
in specific cases, such as where ICT served teasa individual instruction (Barroet
al., 2009), or where it was offered as an optionallfar homework (Bartelett al., 2016).

Lei & Zhao (2007) also highlighted that the effeEICT on educational outcomes
may depend on the type of use of ICT. These authieisg data from a school in Ohio
(US), examined the frequency and types of technesagsed by students, as well as their
impact on academic achievement. To do so, they unedghe changes in students’
academic results and their relation to their expwga technology, using pre-test and
post-test surveys. They found that students’ resufproved with the time spent on
computers up to 3 hours a day, but worsened sigmifiy over that threshold.
Notwithstanding, these authors stressed that th& mportant dimension was not the
quantity of technology, but its uses: uses of tetdgy which provide ways of learning
not accessible in traditional classes (such adingeaebsites) showed positive results,
whilst the opposite was observed for other useshvlgd to distraction (such as using
computers to take notes in class).

In a more recent paper, Comai al (2017) analysed the effects of ICT-related
practices on students’ achievements in the Itakgion of Lombardy, using two surveys
on ICT and national tests on students’ achievementfaths and language. Their
research design was based on a within-student batagbject estimator, using
information available for two different subjects feach student, in order to control for
students’ unobservable factors. They found thatefifiect of ICT on student outcomes
depended on their type of use. Computer-based itepohethods oriented to enhance
communication and student awareness in ICT inccesisglent performance. In contrast,
ICT-related practices which required an active lmgment of students in the classroom
showed negative effects, whilst those developedideitthe classroom had non-
significant effects. The effects of activities tteld to knowledge transmission were

positive but non-robust.



Finally, some studies have found that the effediGdf on educational outcomes
may not only depend on the use of ICT, but alsdahensubject or field for which the

outcomes are measured.

Machin, McNally & Olmo (2007) analysed the impaétexpenditure on ICT on
student outcomes in England, using an instrumesat&ble which exploited a change in
the rules on ICT funding by local school districieey found that expenditure on ICT by
local school districts showed a small positive istgan national test scores in language,
a positive albeit non-significant impact on scoiresciences and no relationship with

results in maths.

This mixed evidence, depending on the subjectalssbeen found in developing
countries. Cristia, Ibarraran, Cueto, Santiago &e8i@m (2017) used an experiment
implemented in Peruvian rural schools to evaluapeogram which provided children
with laptops for use at school and at home. Thegsukeed the outcomes of the program
using a test based on standard national examisa@@well as different cognitive tests.
These authors found that the program increasedsidef computers both at home and at
school. However, they found non-significant effeofsthe program on test scores in
maths and language. In contrast, they found peséftects of the program on the tests

measuring cognitive skills.

2.2. Evidence from international surveys

Other studies have analysed the relationship betw&¥ and educational
outcomes by exploiting the information on educatiautcomes available in large-scale
international surveys such as PISA, PIRLS and TIMNIsese studies, in general, have
focused on the analysis of cross-sectional data these surveys, controlling for a range
of characteristics at the individual and schootls\available in them. This approach has
allowed statistical associations between indicatorshe availability and/or use of ICT
and student outcomes to be estimated. Howevere ueslyses face a major limitation
derived from a problem of endogeneity: a non-okeaes factor (e.g., students’ skills,
intelligence or motivation) may be associated vethhdents’ availability and/or use of
ICT and, at the same time, with their educationscomes. As a result, a statistical
association between ICT variables and educatiom@omes at the student level cannot

be interpreted as a causal impact of the firshersecond, as it may be the non-observable
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factor what has an impact on educational outcor8pgetia, 2010; Biagi & Loi, 2013).
Farifia, San Martin, Preiss, Claro & Jara, (2015natestrated the existence of
endogeneity in a study of the relationship betwamnputer use for reading activities and
students’ reading performance in Chile, Uruguayai®@nd Portugal, using data from
PISA-20009.

Some of the studies on ICT and educational achiemsrbased on international
surveys have explored the relationships betweeraviadability and/or use of ICT at
school, at home or in both settings, and educdtamaomes. In general, their findings
show that the availability of ICT tends to be pisity associated with educational
outcomes, whilst a higher use of these technoldgrss to show a negative relationship

with educational outcomes.

Mediavilla & Escardibul (2015), using PISA-2012 al&r Spain, found that the
amount of ICT at home and the availability of IC{Tsahool were positively associated
with scores in maths, although not in reading opiliablem solving. In contrast, they
found that the use of ICT at school was negatiaslyociated with outcomes in maths
and, among boys, also with outcomes in reading. Wgngirls, time using ICT was
negatively associated with outcomes in the thrempstencies. Erdogdu & Erdogdu
(2015), using PISA-2012 data for Turkey, found thlae availability of internet
connection at school was positively associated a@&demic results in science, whilst
the frequency of browsing the Internet at schoos wagatively related with results in
maths, science and reading. Zhang & Liu (2016 nhauisiata from five waves of PISA
(from 2000 to 2012) for a broad set of countriesynid that the availability of ICT
resources at school was positively related to stisdscores. In contrast, the use of ICT

software and the Internet was negatively associaitdoutcomes.

Studies based on international surveys have als@rsimore negative evidence on
the use of ICT at school than at home. Aldeettal (2017), using data from PISA-2012
for Spain, found that access to and use of ICToathwere positively related to PISA
scores in maths, reading and science. Howevenphesite was observed for access to
and use of ICT at school. Also Petko, Cantieni &€8e (2017), using data from PISA-
2012 for 39 countries, found that in the majorifycountries, the use of ICT at school
was associated with lower test scores in mathdjrgand science, whilst the use of ICT
at home for school-related purposes showed a pessbrrelation with scores in most

countries and subjects. Skryabin, Zhang, Liu & Zh&2015), using data from TIMSS
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2011, PIRLS 2011 and PISA 2012 for a broad sebahtries, found that these effects
may also depend on students’ grades. Among stuitedtsgrade, these authors found
that ICT use at home was positively related to@atinents in PISA, whilst the opposite
was observed for ICT use at school. Among studert$ grade, however, ICT use both
at school and at home was positively related taeaeiments in TIMSS and PIRLS.
Escardibul & Mediavilla (2016) explored differendaghe effects of ICT depending on
the ownership of the centre. They found that tHatimnship between the availability,
time and frequency of use of ICT and educationdlie@ments did not show any

noticeable difference between public and privateres.

Moreover, studies from international surveys hamentfl that students’ attitudes
and experience towards ICT are closely relatedit@w&tional outcomes. Luu & Freeman
(2011), using data from PISA-2006 for Canada andtralia, obtained that prior
experience in using ICT, frequency of access tdrikernet at home and confidence in
using ICT were associated with higher scores insteey. Zhang & Liu (2016) also
found that individual self-confidence in ICT use sw@ositively associated with
educational achievements, whilst Petktoal (2017) found that more positive attitudes
towards ICT were associated with higher scoresénntajority of countries. Hu, Gong,
Lai & Leung (2018), using data from PISA-2015 fer dountries, found that students’
interest, competence and autonomy in using ICT \pesttively correlated with PISA
scores, whilst the opposite was observed for ststdenjoyment of social interaction
around ICT. After controlling for these factors,etle authors obtained that ICT
availability at school was not associated with edional achievements, whilst ICT
availability at home was negatively associated whdém. In addition, ICT use at school
(for maths, reading and science) and ICT educdtioea at home (for reading and
science) were negatively correlated with perforneanc

Research from international surveys has also shbatrthe relationships between
ICT and educational outcomes may depend on thedfse, as noted by Luu & Freeman
(2011). Biagi & Loi (2012), using data from PISA@® for the European Union
countries, found that uses of ICT for communicatéord collaboration activities, for
technical operations and information retrieval, &orccreation of content and knowledge
problem solving, were all negatively correlatedhastudents’ scores. However, breadth
of use (the number of different activities carred) was associated with higher scores.

Meggiolaro (2018), using data from PISA-2012 fahttand focusing on scores in maths,
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found that both ICT use for information managemeamd technical operations and for
gaming were positively associated with scores.dmtrast, ICT use for communication
and collaboration activities and computer use dunmaths lessons were, in general,

negatively associated with scores in this competenc

Other papers, also using data from internationalesis on educational outcomes,
have tried to address endogeneity problems by aygp$pecific research designs. Spiezia
(2010) assessed whether the use of ICT had an tropatudent performance, using data
from PISA-2006 for a broad set of countries, andtialing for students’ observable
characteristics and self-selection. This auth@t fstimated the frequency of computer
use, at home and at school, as a function of obbér\characteristics of students, their
families and their schools. Then, he estimatedesttsl performance in science as a
function of all the observable characteristics, ftequency of computer use and a
measure of students’ unobserved heterogeneity fr@emesiduals estimated in the first
step. This paper found a positive and significdfgoe of the frequency of computer use
on science scores. However, this was driven bysdipe effect of computer use at home,

whilst the effect of computer use at school was-significant in most countries.

Some other studies applied matching techniquesdtimating the effect of ICT-
related variables on student outcomes. De Witteagde (2014), using TIMMS-2011
data for the Netherlands, applied matching teclesgio define a control group with
similar student, teacher, school and regional dtarstics to a treated group. These
authors concluded that the estimated impact of Wa$ considerably altered depending
on whether these characteristics were taken intowat or not. However, matching
techniques do not solve the problem of endogeméitydinary regressions, as they take

into account only observable variables, but notoabservable factors.

In another study, Agasisti, Gil-lzquierdo & Han {20 also applied methods of
matching to analyse the relationship between ststiese of ICT at home for school-
related purposes and their scores in maths, reahidgscience, using data from PISA-
2012 for 12 EU countries. In addition, they estiaakthis relationship using instrumental
variables, by taking the use of ICT at home foregainment as an instrument. They
found that, in most countries, the use of compuaeitsome for school-related purposes

was associated with lower scores in the three stbj;der analysis.
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In a different approach, Cabras & Tena Horrillo X8 estimated the effect of
investment in ICT on student performance in maikg)g PISA-2012 data for Spain, by
employing Bayesian Regression Trees (BART). Tham®n-parametric method, which
allows the probability distribution of the estimateausal effect to be calculated. These
authors found that, with a high probability, thew@s a moderate positive effect of the use
of ICT on students’ achievements, which was paldity high among students from a
low socioeconomic background. Ferraro (2018) apgwied a BART method to analyse
the effects of ICT on test scores in maths, usiat drom PISA-2012 for Italy. She

obtained a positive effect of the use of ICT on sesres in this subject.

Finally, Falcket al (2018) used information from TIMSS for 30 couesrito
estimate the effect of classroom computers on studehievement. To do so, they
exploited within-student between-subject variati@king advantage of the information
on two different subjects (maths and science) tierdame individuals available in this
source. Considering different types of computer, tisese authors found positive effects
of using computers to practice skills and proceslare educational achievements, whilst
the effects of using classroom computers to procs$ analyse data were non-
significant. These effects were generally foundb#o greater for students with high

socioeconomic status.

In summary, the existing literature (taking bothpesimental and quasi-
experimental studies and studies from internatisnaleys) has obtained mixed evidence
on the impact of ICT on educational outcomes. Frerperimental and quasi-
experimental studies, the impact of ICT was foundé¢ non-significant, negative or
positive depending on the setting in which the aede was carried out, which ICT
variables were considered and how educational m#sovere measured, among other
issues. The impact of ICT was also found to depanthe type of ICT use and the field
or subject under analysis, a result which was @lsimted out by studies based on
international surveys. On the other hand, studeset on international surveys provided
evidence which is comparable across countriesdsaty went beyond finding statistical
associations between ICT-related variables and attual outcomes. This poses a
problem of endogeneity. For instance, the availgtof ICT was found to be positively
associated with educational outcomes, but this do¢snean that ICT has a positive

impact on educational outcomes: it may be thatetlae unobservable factors at the
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student level (such as higher students’ skills otivation) simultaneously associated
with the higher availability of ICT and higher oatnes. Few studies based on
international surveys have tried to address thithauwlogical problem, and not all of
them were able to overcome it. The lack of suffitiempirical evidence on the impact
of ICT on educational outcomes based on data fraternational surveys is a major
shortcoming of the existing literature on the edwcel impact of ICT, one which we

address in this study.

3 Methodological strategy

Our study analyses the impact of the use of IC€durcational outcomes in maths,
reading and science, using data from PISA for gh@nsh Autonomous Communities.
Our empirical strategy is based on the calculatibthe average use of ICT at school in
each Community in three different years: 2009, 2@IA5. This variable captures the
different policies carried out by each Communityregards the use of ICT in teaching
practices. By so doing, we address the followingeaech question: have those
Communities which have further increased the us&Cadf at school achieved higher

improvements in PISA scores?
3.1 Datasource

We address this research question using data ficge different rounds of PISA,
corresponding to the years 2009, 2012 and 201%ldByg so, we are able to capture the
changes both in the use of ICT at school and ic&ilbnal outcomes across Autonomous
Communities, and thus to measure the impact ofgdsim the use of ICT on educational

outcomes.

The PISA survey, carried out every three years/iges standardised data to assess
the competencies of a representative sample oeab-gld students in maths, reading and
science. Spain has participated in all the PISAi@® since the assessment was first
carried out in 2000. In 2015, Spanish studentsidia on average, 486 points in maths,
496 in reading and 493 in science. Despite beiogedo the OECD average of 500 points,
the Spanish results show a chronic stagnation:nSpas not improved its results since
2000. The spatial analysis of the tests resultassteowide gap between the participating

Autonomous Communities.

13



The PISA dataset has some technical advantageasieBeake estimates of students’
competencies, which are used as indicators of ¢éidneh outcomes, PISA offers wide-
ranging data at student and school level that Helpgplain differences in performance.
The data include a wide variety of socioeconomit educational composite indicators,
built by the PISA project work group. Cronbach’sla is used to check the internal
consistency of each scale. The coefficients rang® 0.7 to 0.9, which indicate high
internal consistency (OECD, 2017: 295). MoreovégAuses plausible values that give
the dataset a high degree of validity and religbdnd enable international comparisons
(OECD, 2013Y In the particular case of Spain, there is an aufgit advantage: PISA
provides samples representative of the studentlatpuo at the level of the Spanish

Autonomous Communities.

Despite its advantages, PISA is not immune tootsiths. Some authors argue that
PISA narrows down education to a mere reproducpxecess under authoritarian
teaching, and warn against a process of worldwalea&tional standardisation in the
name of economic efficiency (Meyer & Benavot, 20D3Agnese, 2017). Some of the
criticisms of PISA are also of a technical natus.Hanushek and Woessmann (2008)
point out, PISA tests may suffer from a varietyisgues related to the sampling of
knowledge in different academic areas, measuresreotts, the reliability of questions,
and the impact of test-taking conditions. Also pheusible values methodology (which
PISA outlines as a key methodological advantagey sibject of great controversy,
because it allows the data for students in a paaticubject to be imputed when students

have not taken a single item in that subject (Kee Christensen, 2014).

2 The methodology of plausible values consists af steps. In the first one, distributions of the
scores (denoted as posterior distributions) arepced around the reported values in the testshén t
second one, a set of random values drawn fromdktepor distributions are assigned to each obsierva
(OECD, 2009: 95). Kuger, Klieme, Jude & Kaplan (@pfirovide detailed information about the design of
the PISA questionnaires, the analytical framewakibd it and their psychometric properties.

3 Representative samples are not available for tbendmous Communities of Castile-La
Mancha, Extremadura and Comunidad Valenciana iARI®9, neither for Canary Islands (in addition to
Castile-La Mancha and Comunidad Valenciana) in P2BA2. For this reason, these four Autonomous
Communities are not included in the analysis. ThA&dtonomous Communities with available data, jgint
represent around 78% of the Spanish populationeT&l of the statistical appendix shows them dusrt
sample sizes.
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3.2 Variables

Our selection of variables is based on the usesoétlucational production function.
This function establishes a statistical relatioamempirical nature between two types of
variables: the educational outcomes (dependeniaha)i and the learning factors

(predictors).
3.2.1 Dependent Variable

The dependent variables in our study are studeatsomes in maths, reading and

science, measured by test scores in PISA.
3.2.2 Predictors

The election of the predictors is conditioned bg fact that they have to be
available and homogeneous in the three editionBISA we are working with. Our
selection follows the educational production fuoctproposed by Hanushek, Link &

Wossmann (2013), which can be considered a stamdade! in the empirical literature.

We group the predictors of educational outcomestimtee levels: the student-level
(which contains the individual and household charéstics), the school-level (which
contains the characteristics of the school), aaddtitonomous-Community-level (which
contains ICT use). The definition and descriptitatistics of all the predictors is shown

in the Statistical Appendix.
Student-Level

As individual characteristics we include gend8mQ04D01T according to PISA
code), ageAGE), and country of birth of the studen8T019AQO01) These variables
are widely used in empirical studies on studenis¢@mes based on PISA data. Female
students usually outperform male students in regdiat underperform them in technical
subjects (OECD, 2015b). As a consequence, in sacprahd higher education, male
students tend to be over-represented in the fgldeathematics, physical science and
computing (Charles and Grusky, 2004). Being olttegre can be a difference of up to 11
months in the students that do the PISA surveggmsidered an advantage (OECD, 2014;
2016). Students born abroad are vulnerable to Eggwand integration problems that
make them lag behind native students in termsadeawmic achievement (OECD, 2012a).

As a proxy of the household socioeconomic and walltlevel, we include the

number of books at hom&T013QO01TA parental occupatiorH{SEI), parental highest
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educational level attainedPARED, and the amount of ICT available at home
(ICTHOMB).# ® ® The importance of household characteristics wasady revealed by
the well-known Coleman report (1966), which fouhdttthe difference in school results
in the United States was due more to cultural as@ioeconomic reasons than to the
allocation of educational resources. This findingsveorroborated by recent empirical
studies for very different countries (Currie & Gooah, 2010; Rothstein, 2010).

School-Level

A substantial proportion of the variation in tesbies within countries participating
in PISA is associated with the school that studattisnd and their teaching practices
(Freeman & Viarengo, 2014; Castro Aristizabal, Giew & Pérez Ximénez-de-Embun,
2018). The school characteristics that we includevehether the school is public or
private SC013QO01TA the size of the community in which the schoollasated
(SCO01QO1TA the level of responsibility of school staff idlogating resources
(RESPRE} school truancyC061Q02TA and a peer effect at school level (constructed
from PISA variableESCS. 7 8 A large part of the differences in students’ perfance

4 Occupational data for both the student's fathed atudent’s mother were obtained from
responses to open-ended questions. The responsesaded to four-digit ISCO codes and then mapped
to the international socioeconomic index of occige! status (ISEIl) (Ganzeboom & Treiman, 2003 Th
highest occupational status of pareM$SEIl) corresponds to the higher ISEI score of eitheemaor to
the only available parent’s ISEI score. For alethindices, higher ISEI scores indicate higherlieeé
occupational status.

5 Indices on parental education were constructetebgding educational qualifications into the
following categories: (0) None, (1) ISCED 1 (primaducation), (2) ISCED 2 (lower secondary), (3)
ISCED Level 3B or 3C (vocational/pre-vocational appecondary), (4) ISCED 3A (general upper
secondary) and/or ISCED 4 (non-tertiary post-seaoy)d (5) ISCED 5B (vocational tertiary) and (6)
ISCED 5A and/or ISCED 6 (theoretically orientedtitey and post-graduate). The index of highest
educational level of parentBllSCED) corresponds to the higher ISCED level of eitherept. The index
of highest educational level of parents was recanedestimated number of years of schooliRRED.

5 ThelCTHOMEIindex is calculated on the sum of the availabditg use at home of the following
items: desktop computer, portable laptop, tabletmater, internet connection, video games conselé, c
phone, portable music player, printer, and USB (orginstick. Higher values on the scale indicateghbr
levels of ICT availability and use.

" The index of the relative level of responsibilityschool staff in allocating resourc&HSPREB
was derived from six items of the school principadport regarding who had considerable responsibil
for tasks related to resource allocation (“selectieachers for hire”, “firing teachers”, “establisty
teachers’ starting salaries”, “determining teachesadary increases”, “formulating the school budget
“deciding on budget allocations within the schoolThe index was calculated on the basis of the Kati
“yes” responses for school governing board, priakcigr teachers to “yes” responses for regionallloca
education authority or national educational autigjoHigher values on the scale indicated relativegher
levels of school responsibility in this area.

8 We generated a peer effect variable calculat¢likeschool average of the PISA economic, social
and cultural status indeESC$. This index was built via principal component lgses, using the indicators
parental educatiorPARED), highest parental occupatioHIGEI), and home possessiortdGMEPOS.
ESCSwas defined as the component score for the fifstipal component. The higher the score was, the
higherESCSis, and the more positive externalities derivedrfithe peer effect.
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between schools can be explained by the qualinesdurces and by whether they are
used efficiently or not (Rivkin, Hanushek & KainQ@5). Private schools usually have
more autonomy in issues as designing teachingises\and managing the school, which
can lead to their students achieving better re¢blishs & Wossmann, 2007). However,
several studies warn that the supposed positivectefif private education becomes
weaker or vanishes once the socioeconomic chastaterof students are introduced as
control variables (Gamoran, 1996; Altonji, ElderT&aber, 2005). School location is
linked to the access to health, educational anch@oa infrastructures that can
contribute to students’ success and, in generalgeurban schools can provide better
infrastructures and attract better teachers (Ped@a&izzon, 2007; Sullivan, Perry &
McConney, 2013; Gimenez, Martin-Oro & Sanau, 2018)hool truancy has been
identified as crucial in building an adequate l@agrenvironment. Schools with higher
truancy have a worse disciplinary climate that hegative effects on student
performance (Fantuzzo, Grim & Hazan, 2005). Giveat parental background is the
single most important determinant of academic ament, the family background of
one’s peers is usually considered the most relgyeert effect (Ammermueller & Pischke,
2009). A higher peers’ socioeconomic status hastipesexternalities that improve
learning environment and student performance (Rai&aVona, 2013).

Autonomous-Community-Level

ICT use at school is the key variable in our stii'e. measure it through the PISA
use of ICT at school inde’SESCH. PISA asked students “How often do you use digita
devices for the following activities at school?”u@stionsIC06, IC10 and IC011,
respectively, in the 2009, 2012 and 2015 roundsgttmg online; using email; browsing
the internet; downloading, uploading or browsingemnal from school’s website; posting
work on school’s website; playing simulations; pi@ng and drilling; doing homework
on a school computer; and using school computergrfmup work and communication

with other students. The possible answers weregmner hardly ever”, “once or twice a
month”, “once or twice a week”, “almost every daghd “every day”. From this
information, PISA applies item response theory (IBdaling to calculate a standardised
single index of use of ICT at school at the studemnel USESCH. The IRT scaling

procedure and reliability tests are explained iptden OECD (2017: 127-186).
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The method for calculating the index, as well a&srime activities considered, are
constant across the three rounds of PISA we an@89, 2012 and 2015), which allows
for its comparability across time. The OECD averageach year is equal to 0 and a

higher value of the index indicates greater ICT atsgchool.

Unobservable school and student characteristigsexiat which simultaneously
affect the use of ICT at school and students’ etiloieal outcomes. In particular, ICT may
tend to be more intensively introduced in schodiere educational outcomes are lower,
or to students whose educational outcomes are Jowlgfe these lower educational
outcomes are due to factors which are not obses\(ghth as poor students’ motivation).
In fact, when exploring simple correlations fronBRIdata, we find that in all the years
under analysis, the use of ICT was higher in tlsa$®ols where student’s outcomes in
maths (except for 2015), reading and science wewer than the average. This effect
cannot be isolated when considering merely eithemnse of ICT at student level or the
school’'s average use of ICT, given that the stuglanid the schools included in the
samples are not the same across different wave$S#. This makes it impossible to
control for students’ and schools’ unobserved loggeneity, leading to a problem of
endogeneity, which constitutes the main limitatddmost of the studies on the effect of
ICT on educational outcomes based on large intemaltsurveys, as explained in section
2. However, this is solved in this paper by usingghomous Community’s average use

of ICT in the estimations.

Spanish Autonomous Communities have almost exa@usiempetences in
education, which includes total autonomy over #gsources they dedicate to different
educational inputs, as well as broad competenci®iarganisation of service provision.
This includes competences in deciding on how m@adhi$ available and used in schools.
The decisions on the availability and use of IC§ essentially made by the Communities,
although schools have some autonomy in decidingarticipate in certain programs
which may increase ICT use. Our empirical analimisises on the average use of ICT at
school in each Community as a predictor of edunatioutcomes, in order to capture the
policy made in each Community as regards this isBu¢he same time, we control for
unobservable heterogeneity across Autonomous Coimigsjrby including this level in

the multilevel model we estimate.

Table 1 shows the average value of the USESCH iridexach Autonomous

Community in 2009, 2012 and 2015. As observed,ethiera wide variety across
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Autonomous Communities in the level of ICT usedto®l, as well as in its variation

during this period. Most Communities increased ube of ICT at school, particularly

between 2009 and 2012. Between 2012 and 2015 rawelgof ICT use at school was

lower. The variability in the index across Commigsf which already existed in 2009,
increased notably between 2009 and 2015. Some Caities) such as Catalonia, the
Balearic Islands and the Basque Country, movet@id¢uih the use of ICT at school, which
is reflected in greater increases in the indekégderiod. Other Communities did not opt
for such an increase in the use of ICT at schoolfact, in Communities such as
Andalusia, Castile and Leon and Murcia, the indegréased in the period of analysis,
which indicates that the use of ICT at school iasesl in them less than in the OECD

average.

[INSERT TABLE 1 ABOUT HERE]

3.3 Statistical model and analysis

We use a Hierarchical Linear Model (HLM), in orderbtain unbiased estimators
of the effect of the use of ICT at school on stuglemchievementd HLM models assume
a hierarchically structured population, and are posed of two parts: one general,
common to all contexts (which is the so-called dbedfects) and another that represents
the specificity of each context (random-effectsyoflevel models (students and schools)
are commonly applied to PISA data. Additionallypur model we include a third level:
Autonomous Communities.

Our multilevel modelling is given by two equatioms.the first equation, Eq. (1),

Yjr is the expected test score (in maths, readingsaihce) of studentenrolled in
schoolj in an Autonomous Community X; ;,and Z;,, are vectors of control variables at
the individual and school level, respectivelysesch,, is average use of ICT at school in

the Autonomous Community andg; j is the unexplained component.

% Gelman & Hill (2006) provide an introductory acevwf HLM and Rabe-Hesketh & Skrondal
(2012) explain how to implement the methodologiata, the software package that we use.
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P’ijk= Bo + B1Xiji +B2Zjj + PsUseschj, + € (1)

Eq. (1) is supplemented with Eqg. (2), which isreatied simultaneously and allows
us to model the school and Autonomous Communitgipéntercepts and the associated
complex error structure.

Fo = Yoo t Vor T Hojxk (2)

In Eq. (2),@ and g are the respective deviation of the schools’ arel th
Autonomous Communities’ means from the overall n@ They are assumed to be
normally distributed, with mean 0, and uncorrelatéth g; ;. By controlling for school

and Autonomous-Community-effects, we mitigate anmgsbfrom differences across
schools and across Autonomous Communities, respgctiwhich are correlated with

test scores. This makes it possible to obtain nagrrrate inferences about the fixed
effects of interest in Eq. (1), and specificallpabthe impact of the use of ICT at school
on students’ achievements, estimate@xy

In the light of the mixed evidence obtained in #®ve-mentioned literature, we
do not have an ex-ante hypothesis on which is ¢heesof the correlation between the
use of ICT at school and PISA scores. With respgecthe other predictors, our
expectations, based on the literature, are for RES#Es scores to be positively related to
students’ age; living in homes with higher socicemuic status (this is, higher parental
occupation and educational level, more books atehand better access to ICT); and
attending schools that are private, are locatédrger cities, have more autonomy in the
allocation of their resources, and have posititerealities from peers (measured through
peers’ socioeconomic status). Conversely, we exjgstiscores to be negatively related
with having been born abroad and attending scheivtshigher truancy. We also expect
male students to outperform female students in sreatld science, but underperform them
in reading.

The entire analysis was conducted using a sampdd 042 students that studied

in 2,195 schools distributed in 13 Autonomous Comities.
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With respect to the missing data, we follow thesimg data treatment suggested
by Sun, Bradley & Akers (2012): although missingadaere found in our database, our
sample size is so large that the estimation resultsiot be very different without the
cases with missing data. For this reason, missatey\dere list-wise deleted when running

the analyses.

The Maximum Likelihood Estimations are carried osing version 16 of the Stata
Software, combining the multilevel option with thuse of the multiple imputation
analysis necessary when working with PISA plaustblees. These estimations are very
computationally demanding, due to our large numbérobservations and the
characteristics of the PISA database. The datadadehe routines carried out can be
found in the supplementary material that accomsathies article.

To estimate robust standard errors, we specifysthadard errors to allow for
intragroup correlation, relaxing the usual requieet that the observations are
independent. This procedure assumes that the @iigary are independent across groups
(clusters) but not necessarily within groups. Adoog to the Stata Users’ Manual (p.
290) the optiorcan produce “correct” standard errors (in the measment sense), even
if the observations are correlatetf In addition, the standard errors of the coeffitsen

obtained by this technique are also robust in tkegnce of heteroscedasticity.

4 Results

Table 2 shows the results of the estimations ofaiqns (1) and (2) for maths,
reading and science. The estimations include ¥eelfand-random-effects. The latter, at
the bottom of the table, show the standard dewiatfoom the overall mean, with origin

in the school-and-Autonomous-Community-level vacmanaccounted for in the model.

The results are consistent with previous empir@atience in the literature on

educational outcomes. First, male students scgtreehthan female students in maths and

10In our 3-level model, we chose to establish chsst the level of Autonomous Communities,
since it is at this level at which educational pplilecisions are made in Spain. That means thaisaieme
there exist unobservable characteristics, inhei@mach Autonomous Community, which would cause
arbitrary correlations between students belongmghe same Autonomous Community. If this is not
controlled for, it would lead to uncorrelated estion errors between the different Autonomous
Communities but correlated within each of them. Wihe introduction of clusters, we avoid a
misinterpretation of the significance of the coaéfints of the estimates and, therefore, of theamqibry
power of the model variables.
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science and lower in reading, and the coefficiangssignificant (as found by Lietz, 2006
and OECD, 2015b). Second, the age correlates palgiaind significantly with the scores
(as found by OECD, 2014; 2016). Third, immigrantdents obtain worse results than
students born in Spain, and the coefficients ayeifstant. Students of immigrant origin,
especially first-generation immigrants, consistemqgerform worse on the PISA tests
(Schleicher, 2006) and this has important consempsgeim terms of their social and
occupational mobility (Buchmann and Parrado, 2066urth, the number of books at
home, parents’ education and occupation correlagtipely and significantly with
students’ scores. Fifth, ICT availability at homarelates positively and significantly
with scores on science and reading, although th#ficient is non-significant on maths.
The empirical literature has found a very stronigtrenship between socioeconomic
status and students’ outcomes, either if socioeminatatus is measured as parental
occupation (Jerrim, 2012), parental education (Mar& Veiga, 2010), ICT available at
home (Aldereteet al, 2017), or multidimensional measures based onehpossessions
like books (Oppedisano & Turati, 2015). Sixth, st of private schools score higher
in reading, although the coefficient is non-sigrafit on maths and science. These results
are in line with OECD (2012b), which highlights tiiae effect of schools’ private (versus
public) ownership on performance is inconclusivéni/some studies show that higher
private school enrolments are related to bettelop@ance, others report little, negative
or non-significant effects, and the results ofteepehd on methodological choices
(Woessmann, 2009 offers a detailed review of teedture). Seventh, students that attend
schools situated in larger cities score higher, thedcoefficients are significant. This is
in line with the findings of Pegg & Panizzon (20@f)d Sullivan, Perry & McConney
(2013), who point out that students in urban schaet significantly higher outcomes
than those in rural schools due to differencebémuality of infrastructures and teachers.
Eighth, the level of responsibility of school staff allocating resources correlates
positively with students’ scores (coefficient siggant at 10% level) in reading, although
the correlation is non-significant in maths andesce.The absence of a clear effect of
this variable could be due to the fact that thetpeseffects of school autonomy are found
to be more related with factors as planning of ¢bericulum and the design of the
evaluations than with the flexibility in the usereSources (Clark, 2009). Ninth, truancy
has a negative and significant correlation witldett performance. Regular truancy has

been found to have adverse consequences for ssudemtomes as it deteriorates the
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disciplinary climate, and truants are more likety fall behind in class (Aucejo &

Romano, 2016). And tenth, the peer effect (measaseschool's ESCS) has a positive
and significant correlation with student performantsing a similar measure of peer
effect, Raitano & Vona (2013) obtain analogousifigd and note, additionally, that the

peer effect is even stronger in the case of lovitalsitudents.

As regards our central variable of study, the Us&C® at school (Autonomous
Community average), the estimated effects are d¢lmzero and clearly non-significant
for PISA scores in maths and reading. That isparease in the use of ICT at school in
an Autonomous Community does not have a positifeegfout neither a negative effect,
on educational outcomes in maths and reading, asumed by PISA test scores. As
regards scores in science, we find a positive effethe use of ICT at school, significant
at a level of 1%. An increase of one standard dievian the average use of ICT at school
in an Autonomous Community (whose value is 0.18d9sociated with an increase of
6.87 points (38.18*0.18) in PISA scores in sciefides is equivalent to about 34 school
days in an academic year (OECD, 2017).

[INSERT TABLE 2 ABOUT HERE]

5 Discussion and conclusions

ICT has become a major focus of attention for etiowal policies and,
subsequently, for research in the field of educati®overnments are making substantial
investments in equipping schools with ICT and, assalt, the use of technologies for
teaching practices has increased significantly iostmnOECD countries. However,
research has not yet found clear evidence on whttbaise of ICT has positive effects
on educational outcomes. Experimental analyses foavel mixed evidence, depending
on the setting in which ICT were used, and whichaldes were considered to measure
ICT use and educational outcomes. In addition,istutdased on international surveys
have rarely attempted to capture the impact of édTeducational outcomes, beyond
statistical correlations. This paper analysed thpaict of the use of ICT at school on
outcomes in maths, reading and science, usingfidatathree rounds of PISA (the most
well-known international survey on cognitive outcesh for the Spanish Autonomous
Communities. By calculating the average use of BEEBchool in each year and each
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Community, we tested whether those Communities khicther increased the use of
ICT at school achieved higher improvements in P$8éres.

A main conclusion of our study is that the impafctl®T on educational outcomes
differs depending on the subject. This result wes abtained by Machiat al (2007) in
their study on expenditure on ICT in England andQnstia et al (2017) in their
evaluation of a program which provided laptopshibdren in Peru. In our study, we find
a higher use of ICT at school in an Autonomous Caomity has non-significant effects
on students’ outcomes in maths and reading, witilss a positive effect on outcomes

in science.

Our finding showing that the use of ICT does notéhan impact on educational
outcomes in maths and reading is in agreementnedhlts from a significant number of
the experimental studies on this issue. Similad@wvte had been previously obtained by
Angrist & Levy (2002), Goolsbee & Guryan (2006) a@dstiaet al (2017) for both
maths and reading, Machet al (2007) for maths (albeit not for reading, whdreyt
found a positive effect), Craigt al. (2013) also for maths, and Rouse & Krueger (2004)
for reading. Nevertheless, other experimental stdiad found different results in
specific settings. Leuvent al. (2007) found a negative impact of ICT on students
outcomes in both maths and language for schools avihigh presence of students in
disadvantaged positions in the Netherlands, wMista et al (2018) found a negative
impact of a program which provided laptops, wirglesnnectivity and digital boards in
Catalonia. In contrast, other studies had fountiihggstin which ICT had a positive impact
on outcomes in maths: Banerjeteal (2007) in a study in the particular context alily
Barrowet al (2009) for a program providing more individuatisastruction in some US
schools, and Barteledt al. (2016) for an optional web-based tutoring sysianthe

Netherlands.

Science, where we find a positive impact of ICT sindents’ outcomes, had
received less attention from the literature. Madatial (2007) obtained a positive albeit
non-significant impact of expenditure on ICT oneswe outcomes in England. Spiezia
(2010) found a positive and significant effecttué frequency of computer use on science
outcomes, using data from PISA-2006 for a broado$etountries, although it was
basically driven by the effect of computer use@nhb. In contrast, Goolsbee & Guryan
(2006) found that a subsidy on Internet investne@alifornian schools had no impact

on science outcomes, nor on maths and reading.
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The key to explaining why the impact of ICT diffelgspending on the subject is an
insight consistently found by the literature: tHeeet of ICT on educational outcomes
depends on the type of use of the technology (LEh&o, 2007; Barrowt al,, 2009; Luu
& Freeman, 2011; Biagi & Loi, 2012; Bartekdtal, 2016; Comet al, 2017; Meggiolaro,
2018). As summarised by Falek al (2018), taking into account the arguments of both
optimistic and pessimistic views on the use of i@ Education, there may be activities
in which ICT-based education is superior to tradiéil instruction, whilst the opposite
occurs in other activities. For pedagogical reasdaaching science allows more
advantageous uses of ICT than teaching maths dingeeSpiezia (2010) pointed out that
one of the advantages of the educational use ofid@d improve access to information
and to a wider range of resources for learning.&e&hao (2007) found that uses of
technology which provide ways of learning not asdas in traditional classes were those
which had a positive effect on students’ outconBxgh circumstances are much more
common for science than for maths or reading. E@nse, ICT may easily bring access
to richer and more attractive information, resoaraed ways of learning than traditional
classes. For maths and for reading, these potehantages of ICT are much harder to
find, and to overcome the negative consequenctgaducational use of ICT including
students’ distraction (Spiezia, 2010; De Witte &gge, 2014), restriction of their
creativity (Spiezia, 2010) and the reduction of laanmteraction (Livingstone, 2012; De
Witte & Rogge, 2014). In fact, in the case of Spaitience is the subject (among these
three) where the use of ICT is most frequent: gidata from PISA-2009, 16.3% of
Spanish students used a computer for science kegsantypical week, whilst only 10%
and 12.3%, respectively, did it for maths and lagglessons. This suggests that science
is the subject for which the teachers themselvesmare familiarised with the use of ICT

and find it is more advantageous.

This paper contributes to the existing literatuneloe impact of ICT on educational
outcomes, by providing evidence on this regard dbase data from an international
survey, PISA. Previous literature based on PISA Radhd a negative statistical
correlation between students’ use of ICT at sclanal their educational outcomes, both

11 PISA-2009 provided data to compare the use ofd@bss maths, teaching and reading, from
answers to the question: “In a typical school wéslky much time do you spend using the computenduri
classroom lessons”. The question is separatelyda&kemathematics, language and science. Possible
answers are “No time”, “0-30 minutes a week”, “IL#Minutes a week” and “More than 60 minutes a
week”. This question was not included neither i84&2012 nor in PISA-2015.
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using data for a broad set of countries (Zhang & R016; Petket al, 2017; Huet al,
2018) and for the specific case of Spain (Mediaw8llEscardibul, 2015; Alderett al.,
2017). These findings, however, faced a probleendbgeneity: unobservable individual
and/or school characteristics may be simultanecasdpciated with a higher use of ICT
and with lower educational outcomes. By considetimg average use of ICT at the
Autonomous Community level, we avoid this bias, &nd that the effect of ICT on
educational outcomes is non-significant for mathd seading, and positive for science.
Our evidence is consistent with that from severalijpus experimental studies on this
issue. Nevertheless, our study has one advantage tbem: as it is based on an
internationally equivalent survey, its results cbbé more easily comparable with those
from prospective studies which may use the sami@ahlas to measure both the use of
ICT and the educational outcomes.

The main limitation of our study is that whilstptovides evidence on the impact
of policies on the use of ICT at school carriedlmuSpanish Autonomous Communities,
this policy impact may differ in other countriesheve the setting or the uses of ICT are
not the same. Our selection of the Spanish caseeovaitioned by three requirements it
fulfils: for Spain, PISA provides representativengdes for sub-national units, they are
autonomous in deciding on the use of ICT in edocatnd they show a broad variability
in the use of ICT at school. These three criterearet fulfilled for any other country
from the existing rounds of PISA, and this hindiues extension of the analysis to other
countries from the data currently available. In thieire, our research design could be
extended to other cases, in the event that the PS4 rounds or other international
surveys provide data for other countries whichilfutiese conditions. Besides, our
research design can also be extended to analyseliffieeential effect of ICT on
educational outcomes across countries.

Our main policy recommendation is derived from finaing that ICT can, but does
not always, have a positive impact on educationtdames: the impact varies depending
on the subject, and the use of the technology. Aesalt, there is a need to intensify the
evaluation of policies oriented at increasing ttiecational use of ICT. Further efforts in
the evaluation of these policies should focus @ndtfiects of specific programmes and
inputs on specific student competences in ordatewtify for which uses, and for which
ways of use, ICT may render a positive effect oncational outcomes. Besides, it is

recommendable to carry out, for each policy intetia on this issue, a pilot test on a
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small scale, in order to minimise the risk of datiitg resources to ineffective

interventions.
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Tables

Table 1. ICT Use at School IndexXJSESCH, average by Autonomous

Community and year

2009 2012 2015
Andalusia 0.072 0.167 -0.132
Aragon -0.045 0.074 -0.074
Asturias 0.117 0.271 0.015
Balearic I. -0.055 0.308 0.115
Canary I 0.138 - 0.012
Cantabria 0.002 0.113 -0.146
Castile and Leon -0.093 -0.046 -0.263
Castile-La Mancha - - -0.191
Catalonia 0.287 0.598 0.427
Extremadura - 0.102 -0.165
Galicia -0.159 0.126 -0.150
La Rioja 0.143 0.280 0.027
Madrid -0.110 0.127 -0.140
Murcia 0.058 0.081 -0.190
Navarre 0.072 0.187 -0.019
Basque C. 0.003 0.279 0.118
C. Valenciana - - -0.081
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Table 2. Multiple-imputation HLM estimates of edtioa production function with use of ICT at sch@dutonomous Community’s average).
Dependent variables: PISA math, reading and scisomees.

Observations per Group

Group Variable No. of Groups Minimum  Average  Maximum
Autonomous Communities 13.0 3,760.0 46955 10,739.0
Schools 2,195.0 1.0 278 76.0
Fixed-effects Parameters Maths Reading Science
Std.
Coef. Std. Err. t P>t Coef. Std. Err. t P>t Coef. Err. t P>t
Use of ICT at school (Autonomous Community’s average) 6.614 9.329 0.7 0.478 16.899  11.062 153 0.127 38.181"*  10.376 3.68 0.000
Gender
Male 16.852"** 1.210 13.92 0.000 -23.488™* 1217  -19.30  0.000 10911 0817  13.36 0.000
AGE 10.848** 1.427 7.60 0.000 11.621™* 1.403 8.28 0.000 11.820* 1127 1049 0.000
Country of Birth - Self
Other country -31.613" 3.120 -10.13 0.000 -20.693"* 2235 -926 0.000 -24.844* 2164 -11.48 0.000
How many books at home
11-25 books 21.929" 1.939 11.31 0.000 26.545"* 2160 1229 0.000 22.148™* 2375 9.33 0.000
26-100 books 52,117 2413 21.60 0.000 53.768"* 2279 2359 0.000 50311 2875 1750 0.000
101-200 books 69.410*** 2.799 24.80 0.000 70.758"* 2333 3033 0.000 67.434™ 3724 1811 0.000
201-500 books 83.768™* 3.176 26.37 0.000 84.547* 2598 3254 0.000 82292 3689 2231 0.000
More than 500 books 84.779" 3.231 26.24 0.000 82.747 3592 2304 0.000 84.446™ 4092  20.64 0.000
Highest parental occupational status 0.387** 0.017 23.19 0.000 0.369** 0.020 1878 0.000 0.390*  0.021 18.75 0.000
Highest parental education in years 1.341™ 0.191 7.02 0.000 1.234* 0.204 6.04 0.000 1323 0.159  8.32 0.000
ICT available at Home Index 0.509 0.340 1.50 0.135 1.210"* 0.286 423  0.000 0.722"*  0.259 2.79 0.005
Public or private school
A private school 1.288 2.509 0.51 0.608 6.552* 3.021 217 0.030 3.186  3.178 1.00 0.316
Which of the following definitions best describes the community in which your school
is located
A small town (3 000 to about 15 000 people) 5.825" 2315 2.52 0.012 7.299" 2.804 260 0.009 4.989* 2857 1.75 0.081
A town (15 000 to about 100 000 people) 6.121* 3.388 1.81 0.071 9.938™* 3.851 258 0.010 6.546  3.179 2.06 0.039
A city (100 000 to about 1 000 000 people) 9.601** 3.290 2.92 0.004 15.118* 2.928 516  0.000 10147 2985 3.40 0.001
A large city (with over 1 000 000 people) 12.874"* 3.795 3.39 0.001 17.035"* 4278 3.98 0.000 11.754™* 4565 258 0.010
Responsibility for school resources 2.508 1.547 1.62 0.105 2.848* 1.722 165 0.098 1683 1757 096 0.338

Extent to which student learning is hindered by students skipping classes
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Very little -3.072 2.169 142 0.157 -0.984 2006 -049 0624 -1.608 1.779  -0.90 0.366
To some extent -6.456*** 2.487 -2.60 0.009 -3.790* 2153 176  0.079 -3.219% 1946 -1.65 0.098
Alot -9.308 7.327 -1.27 0.204 -6.350 6.524 097 0.330 69838 5348  -1.31 0.191
Peer effect (measured as school’s average of PISA social and cultural status index) 6.557* 1.841 3.56 0.000 4.625"* 1.191 3.88  0.000 4439™ 1345 330 0.001
Constant 226.905** 23.521 9.65 0.000 224741 24121 9.31  0.000 215515 20922  10.30 0.000
Random-effects Parameters Maths Reading  Science
Autonomous Community: Identity
sd(_cons) 8.548739  7.580344 11.15427
School: Identity
sd(_cons) 201949 22.20036  21.35185
sd(Residual) 72.11468 7244589 71.4789%4

Notes: Robust standard errors adjusted for clugjeat Autonomous Community. *§<0.01,
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Statistical Appendix

Table A.1. PISA sample sizes for each Autonomous@anity and year.

2009 2012 2015
Andalusia 1,383 1,352 1,735
Aragon 1,487 1,335 1,687
Asturias 1,512 1,567 1,719
Balearic Islands 1,356 1,294 1,705
Canary Islands 1,385 - 1,716
Cantabria 1,500 1,481 1,875
Castile and Leon 1,501 1,524 1,806
Castile-La Mancha - - 1,821
Catalonia 1,341 1,291 1,694
Extremadura - 1,449 1,708
Gallicia 1,561 1,467 1,822
La Rioja 1,265 1,488 1,392
Madrid 1,428 1,465 1,766
Murcia 1,298 1,316 1,708
Navarre 1,476 1,448 1,774
Basque Country 4,648 4,431 3,407
C. Valenciana - - 1,553
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Table A.2. Descriptive statistics of covariatesdusethe empirical analysis.

Level Variable PISA code Mean SD N Missing
Gender ST004D01T 0.50 70,107 0
Female (%) 49.56
Male (%) 50.44
Age AGE 1587 029 70,107 0
Country of Birth - Self STO19AQ01T 0.31 69,008 1,009
Country of test (%) 89.08
Other country (%) 10.92
How many books at home ST013Q01TA 1.38 69,318 789
Student 0-10 books (%) 7.21
11-25 books (%) 12.66
26-100 books (%) 30.52
101-200 books (%) 2148
201-500 books (%) 17.50
More than 500 books (%) 10.62
Highest parental occupational status index HISEI 48.84 21.53 68,326 1,781
Highest parental education in years index PARED 1283 3.61 68,650 1,457
ICT available at Home index ICTHOME 310 4.33 66,809 3,298
Public or private school SC013Q01TA 049 68,217 1,890
A public school (%) 60.46
A private school (%) 39.54
Which of the following definitions best describes the community
in which your school is located SC001Q01TA 68,271 1,836
A village, hamlet or rural area (fewer than 3 000 people) (%) 5.23
A small town (3 000 to about 15 000 people) (%) 26.22
A town (15 000 to about 100 000 people) (%) 29.63
A city (100 000 to about 1 000 000 people) (%) 34.13
School A large city (with over 1 000 000 people) (%) 4.78
Responsibility for school resources index RESPRES -0.36  0.61 69,525 582
Extent to which student learning is hindered by students skipping
classes SC061Q02TA 67,397 2,710
Not at all (%) 26.74
Very little (%) 51.42
To some extent (%) 18.01
Alot (%) 3.83
Peer effect (measured as school’s average of PISA social and
cultural status index) ESCS 025 049 70,107 0
AC‘“°”°”‘°.”S Use of ICT at school index (Autonomous Community's average) ~ USESCH 006 0.18 70,107 0
ommunity
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