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Abstract: In the last decades, Information and Communication Technologies (ICT)
have become recognized as an important and integral part of life as well as education. At the same
time, the implementation and use of ICT in schools is one of the longstanding strategic objectives
and priorities in education policy in the Czech Republic. However, up to now, rather little attention
has been paid to the research in the use of digital technologies in Czech schools with regard to stu-
dents’ performance. The purpose of the present study is therefore to investigate various ICT-related
factors associated with school performance of students in the Czech Republic. Specifically, this study
takes data from the latest Programme for International Student Assessment (PISA2015) to determine
the extent to which availability and use of ICT in school and at home is related to students’ educa-
tional achievements. Results of this study can provide substantial implications and suggestions for
national ICT policies (especially the Strategy for Digital Education until 2020).
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Information and communication technologies (ICT)! are undoubtedly one of the key
elements in current education. The importance of ICT for education in the Czech
Republic (CR) has been declared in current strategic documents, not only within the
Strategy for digital education until 2020 (MSMT, 2014) but also for instance in the
concept Digital Czechia v. 2.0, a pathway to digital economy (MPO, undated docu-
ment). The latter document declares that the state perceives the inevitability of ICT
becoming integrated in the whole process of learning at primary schools and in all
individual subjects. In an overwhelming majority of schools in CR, however, digital
technologies are already playing an important role not only in teaching and learn-
ing but also in everyday school bureaucracy (CSI, 2017b). Last but not least, ICT in
education is perceived as important also in current pedagogical research. Evidence
of this was provided for example by the 2017 conference of the Czech Education
Research Association, whose theme was the influence of technologies in education
and educational research (Michek, Vondrousova, & Vitova, 2017). Another example

' The term is used here to refer to any technologies and technological tools enabling communica-
tion and working with information in an electronic form, see e.g. Zounek and Sed'ova (2009). In
the context of this study, similar terms such as information technologies, digital technologies or
modern technologies are treated as synonyms.
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is the 2015 specialized issue of Pedagogika focusing on ICT in education and the 2018
specialized issues of Pedagogika and Studia paedagogica.?

Despite this, digital technologies in education have not been considered as a fac-
tor enough in CR in the long run, neither in educational research nor in educational
policies. As Zounek and Tima (2014) have shown in their analysis focusing on four
main Czech journals of educational research,3? these journals published only nine
empirical studies dealing with ICT between 1990 and 2012. The same is true of ed-
ucational policies as here, too, systematic monitoring of the operation of the Czech
educational system - to be undertaken through research and/or evaluation activi-
ties at the national level - is missing (see Potuznikova, Lokajickova, & Janik, 2014;
Strakova, 2009). The situation in ICT is similar, as has been remarked even in the
Strategy for digital education (MSMT, 2014), where insufficient research in and mon-
itoring of the implementation of digital technologies in education represents one of
the key topics. Therefore, although there is no doubt that digital technologies have
been influencing Czech education for a rather long period of time, their influence
on education and the educational system has paradoxically been under-researched.

This study therefore aims to contribute to a better understanding of the role of
ICT in student learning and education; more specifically, we are focusing on under-
standing the relationship between availability and use of digital technologies (both
in school and at home) and students’ school performance. Results of such analysis
may yield important scholarly knowledge as a contribution to the professional de-
bate on the influence of digital technologies on student learning. Also, our findings
can partly be regarded as feedback or evidence for educational policies to rely on
in making decisions concerning future directions in ICT use and implementation in
education as well as in planning research and/or evaluation activities at the national
or international level.

1 ICT in Czech educational policies and research

This part of the paper will first map ICT in Czech educational policies and then move
on to the current situation in ICT availability and use by students at school and at
home as seen through the lenses of national and international surveys. The last
part of the chapter will provide an outline of research focusing directly on the link
between ICT availability and use and students’ school achievements.

1.1 Czech educational policies and ICT

Educational policies paid attention to integration of “modern” technologies in ed-
ucation as early as in the 1980s (in the socialist Czechoslovakia of then), when in
1985 the strategic document titled Long-term comprehensive programme of elec-

For more details see pages.pedf.cuni.cz/pedagogika, www.studiapaedagogica.cz.
3 These were Orbis scholae, Pedagogickad orientace, Pedagogika and Studia paedagogica.
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tronization in education and upbringing in the educational system was adopted by
the government (Caha, 1986; Zounek & Sed'ova, 2009). The Velvet Revolution of 1989
put an end to any activities associated with this document. In the 1990s a clearly for-
mulated national educational policy or vision for future development to accentuate
the issue of modern technologies was missing, despite the fact that the 1990s were
a period when ICT were becoming important not only in education.

Educational policies turned their attention to ICT as late as at the turn of the
millennium, with the government approving the Concept of National Information
Policy in Education in April 2000. The Concept’s goals, beyond equipping schools
with computers and connecting schools to the internet, were educating teachers in
using ICT and developing digital (electronic) educational programmes and informa-
tion resources. The process of implementation of the Concept was however lagging
behind the plan from its very first year, indicating that the worry that the project
was focusing too much on technologies themselves and neglecting their integration
in classroom activities or student learning was justified (Punar, 2008). In spite of
that, this was a period when information technologies became reality in most Czech
schools. In 2008, a strategic document called Developmental Strategy on ICT in
Education for 2009-2013 was created, with the goal of initiating again and setting
up centralized support to the implementation of digital technologies in education.
As early as in 2009 it however turned out that due to the financial possibilities of
and situation in the Ministry of Education the proposed programme could not be
implemented as planned. Introducing digital technologies to schools nevertheless
went on to some extent. Evaluation of the implementation of digital technologies
in schools and the efficiency of means expended however remained entirely unsat-
isfactory (see MSMT, 2014).

The latest educational policies document dealing with ICT so far has been the
Strategy for digital education until 2020, which sets out three principal goals:
1) open up education to new methods and ways of learning mediated by digital
technologies; 2) improve students’ competencies in using information and digital
technologies; and 3) develop computational thinking in students (see MSMT, 2014).
These goals should be achieved through a set of measures structured within seven
intervention directions, including the following ones: setting up a non-discriminating
approach to digital educational resources, guaranteeing conditions for developing
digital literacy in students and teachers, building up educational infrastructure and
supporting innovative approaches and increasing public informedness regarding ed-
ucational technologies. What can be regarded as a crucial statement is the explicit
acknowledgment of systematic data collection and monitoring of the current state
of implementation of digital technologies in education (including educational re-
search).4 The existing evaluations of the strategy in progress (see MSMT, 2017, 2018)

4 This has been addressed by several measures, primarily Measure 5.2 (Support to educational
research of the use of digital technologies), Measure 5.3 (Support to regular data collection,
situation monitoring and use of digital technologies in education), and Measure 5.4 (Improving
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unfortunately suggest that the implementation of some measures is, again, lagging
behind the plan.

It can be summarized that the implementation of ICT-supporting activities in the
Czech environment has been considerably non-systemic and irregular (Schoolnet,
2015) and evaluation activities and monitoring so far have been entirely unsatisfac-
tory. Positive trends however also merit a mention: Czech educational policies have
gradually transitioned in terms of their priorities from emphasis on providing the
largely technological infrastructure for schools to developing teacher education and
student competencies within ICT and, above all, support to evaluation and research
of ICT use in education (see the first explicit mention in the Strategy for digital
education until 2020).

1.2 An overview of current situation in ICT in Czech schools
and lives of students

As has been suggested in the introduction, this study focuses on ICT availability and
use by students in the school environment as well as at home. Focusing our attention
first on schools, the most up-to-date information on equipment and use of digital
technologies in Czech schools can be drawn from the specialized report of the Czech
School Inspectorate (CSl) from September 2017 (CSI, 2017b). It presents results of
inspection activities of the Inspectorate focusing on identifying conditions for using
digital technologies and it has also been included in the Inspectorate’s annual report
published at the end of 2017 (CSI, 2017a). The inspection activities were carried
out throughout the school year 2016/2017 through an on-line questionnaire filled in
by headmasters of all kindergartens, all primary schools, all secondary schools and
higher vocational schools. The specialized report dealt, among other things, with
physical and personnel prerequisites for working with digital technologies in schools
and with teaching with the support of ICT. In connection with the Strategy for digital
education until 2020, part of the data on the use of digital technologies in Czech
schools has been made available in the form of so-called open data.5

The data presented in the specialized report is, unfortunately, rather brief,6 not
providing a comprehensive overview of the current state in the Czech Republic. It
nevertheless offers some interesting, even though basic, information. It for instance
turns out that ICT have been an everyday part of the life of virtually all schools in
CR, with 99% of big primary schools,” secondary schools and higher vocational schools

information and knowledge-base in the use of digital technologies, developing digital literacy
and thinking in line with information science). For more details, see MSMT (2014).

5 See website Statistickd data o ICT ve Skoldch v podobé otevrenych dat [Statistical data on ICT
in schools in the open-data form] accessible through the website of the Ministry of Education
(www.msmt.cz/vzdelavani/skolstvi-v-cr/statistika-skolstvi/otevrena-data).

6 Even when compared with the Czech School Inspectorate’s annual report for 2011/2012 (CSI,
2013), where ICT are paid considerably more attention. It is also necessary to bear in mind that
CSI does not conduct scientific research.

7 l.e. primary schools with over 150 students.
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using an information system of some kind to deal with the administrative agenda
and having a webpage of their own. Small primary schools and kindergartens are
less well equipped with and less good at using technologies but nevertheless around
90% of kindergartens and smaller primary schools have a website of their own and an
information system. Another rather positive fact is that most schools have an ICT de-
velopment plan which they subject to updates (CSI, 2013, 2017b), which might play
a positive role in how often and how teachers use ICT during classroom exposure.

Although the equipment and infrastructure may seem sufficient for the present
time, the relatively fast ageing proves to be a problem. The Czech School Inspec-
torate even warns in its specialized report from 2017 quoted above that the share
of schools with dated technologies has been growing considerably, which may con-
sequently mean a deterioration of the prerequisites for ICT-supported teaching.8
Another problem is insufficient personnel basis for ICT-supported teaching, with the
position of an ICT administrator often missing (it exists in 17.8% kindergartens and
35.1% of primary schools). This means, among other things, that digital technologies
administration in schools is often the responsibility of the ICT teacher or ICT coordi-
nator, leaving them with less time for their own work - coordinating ICT in the school
and providing methodological support for teachers. The Czech School Inspectorate
thus concludes its report with a rather alarming statement that the minimal stan-
dards of quality of conditions for using digital technologies have been met by 5% of
small primary schools, nearly 10% of big primary schools and approximately 20% of
secondary schools and higher vocational schools (CSI, 2017b).

Turning our attention to the accessibility of ICT in home environment for Czech
15-year-old students, outputs by the Czech Statistical Office (CSO) may be used,
focusing generally on how Czech households are equipped with digital technologies,
or ILSA (International Large-Scale Assessments) findings - covering also the Czech
Republic and providing necessary information? - may also be used. According to
the CSO, in 2017 there was a PC in 94.6% of households with children younger than
15 and 95.9% of households with children could access the internet. The PISA 2012
survey (OECD, 2015) arrived at similar results. The ensuing report states that in CR,
more than 98% of students could use a PC at home in 2012 and slightly less (97.4%)
could access the internet from home. It may therefore be inferred that the basic
level of ICT availability in home environment is more or less universal for Czech stu-
dents. Differences in ICT availability based on socioeconomic status do still exist but
the problem seems to be less pronounced than in the past (Basl, 2010; OECD, 2005).

8 E.g. according to results from 2009, more than a half of computers (56%) for classroom use were
younger than 5 years; now less than 10% meet this condition (CSI, 2009, 2017b).

9 These were primarily ICLIS and PISA surveys. ICILS survey is coordinated by IEA, focusing on
computer and information literacy. Its most recent run was in 2013, with students of Grade 8 of
primary schools and corresponding grades of 8-year and 6-year gymnasiums as the tested group.
The PISA survey is implemented by OECD and besides the main area of focus, measurement of
educational outcomes, it partly also focuses on issues such as ICT in education. The most recent
survey was conducted in 2015, with 15-year-old students as the tested group. For more infor-
mation on international research in education see e.g. Soukup (2012), Basl (2014) or Strakova
(2016).
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To conclude this section, we will focus on how 15-year-old students in CR use
digital technologies, not only at school but also beyond school. There is, however,
a shortage of data for CR coming from national (topic-related) research and only
results from international ICILS and PISA surveys can thus be used. Those suggest
that within an international comparison, Czech students are generally among the
frequent ICT users, both at school and at home within their leisure-time activities.
The time spent online outside of school does not widely differ depending on stu-
dents’ socioeconomic status (CSI, 2016).10 At the same time, ICT use in school has
been growing over the recent years. For all types of activities falling within the index
of ICT use at school,!! the OECD averages for 2009 to 2012 have shown a growing
trend in terms of students reporting they were involved in the activity at least once
per week (OECD, 2011, 2015). PISA 2012 survey was the first to focus on how much
time 15-year-old students spend online, differentiating between school and home
and between using ICT on weekdays and over the weekend. According to PISA 2012,
approximately 36% of Czech students spend four or more hours online, which is
a value exceeding the international average. Even during the working days, Czech
students spend more time online in their homes than the average OECD value is;
a comparison with PISA 2015 data shows that the amount of time spent online has
recently been growing (OECD, 2015, 2017a). In contrast, Czech students spend less
time online at school compared with the OECD average.

1.3 ICT in connection to students’ school performance

To shift attention to ICT in connection to students’ educational outcomes, in CR
only some information is available, namely only information based on PISA survey
data. It is worth mentioning for instance PISA 2006 secondary analysis (Kubiatko &
Vickova, 2010), dealing with the relationship between ICT use by students and their
performance in science. The authors of the analysis have found a positive relation-
ship between ICT use and knowledge of Czech 15-year-olds in science. For instance,
students who used PCs for educational activities more often, performed better. Sim-
ilarly, the longer the experience of using a PC, the better the students performed.
By contrast, the results of the secondary analysis by the Czech School Inspectorate
using PISA 2012 data (CSI, 2016) were less optimistic. The analysis focused on ICT use
in school and it turned out that both for primary schools and for 8-year and 6-year
gymnasiums (i.e. general secondary schools of the lyceum type) it was true that stu-
dents in less successful schools used ICT more widely, and, conversely, that students
from very successful schools used ICT the least. The international PISA 2012 survey
(OECD, 2015) reached similar conclusions, also finding rather a negative relationship

10 Certain differences however concern activities pursued. Students with lower socioeconomic
status report activities such as acquisition of practical information online or reading online less
often while the frequency of activities such as gaming does not seem to be influenced by the
socioeconomic status of the student’s family.

11 For more information on the index see the section on methodology (below).
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between ICT use (at school) and students’ performance. Mathematical and reading
skills are generally lower in countries with higher shares of students using ICT in
school. PISA results also suggest that students in countries focusing on introducing
PCs into schools between 2003 and 2012 more than in other countries performed less
well than students elsewhere. Overall the results of PISA 2012 (OECD, 2015) may be
summarized by saying that as for the effect of ICT on student performance, there is
a negative rather than positive (even though rather weak in some cases) relationship
between the use of ICT and learning outcomes.

In the Czech Republic, unfortunately, more detailed research of the effect of
ICT use on students’ outcomes is missing. One may resort to results of international
research dealing with the issue but it never fully considers the context of the Czech
Republic, and cannot therefore replace missing national research fully. Research
focusing on students’ school performance has, for instance, shown repeatedly that
the Czech educational system is characterized by a relatively strong link between
the socioeconomic status and cultural capital of the family on the one hand and
the student’s school performance on the other (Matéji & Strakova, 2006; Matéju,
Strakova, & Vesely, 2010; Potuznikova et al., 2014; Strakova, 2009). This means that
children from families with higher cultural and socioeconomic status perform better.
The Czech educational system is thus not sufficiently capable of levelling out the
differing input potential students are carrying over from their home environments.
This is also connected to the big gap in student performance between different
types of school. While students studying in Czech gymnasiums score among the
best in the international comparison, students in vocational training score among
the worst in international comparisons and often are unable to achieve even the
basic qualification level (Matéja et al., 2010; Paleckova, Tomasek, & Basl, 2010;
Suchacek, 2014). Moreover, this gap seems to deepen (Strakova, 2010). Gender also
proves an important factor influencing learning outcomes of students in CR. Girls
in CR are generally better at reading while boys are better in maths and sciences
(Potuznikova et al., 2014). At the same time, as Matéju and Simonova (2013) show,
girls are at an advantage in CR to some extent as, for instance, they achieve better
grades in maths despite having less good mathematical skills than boys according to
PISA results. This and other Czech specifics related to students’ school performance
may also be reflected in whether and how the availability and use of ICT relate to
student achievements.

International research addressing ICT in education and specifically in connection
to school performance is relatively abundant. Clear answers concerning the effect
of ICT on learning outcomes (whether positive or negative) are however rather
scarce. The great heterogeneity and even contradictory nature of the results may
be ascribed to the varying focus of the studies, the considerable complexity of the
topic of ICT in education or the application of a wide range of methodologies (Biagi &
Loi, 2013; Cox & Marshall, 2007). Fundamental lack of clarity besets even very basic
questions concerning the effect of ICT on learning outcomes. The research includes
studies finding positive effect of ICT on learning outcomes (Erdogdu & Erdogdu,
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2015; Spiezia, 2010) as well as studies finding the effect to be negative (Leuven,
Lindahl, Oosterbeek, & Webbink, 2007). Other studies find the effect to be non-ex-
istent (Falck, Mang, & Woessmann, 2017; Wittwer & Senkbeil, 2008) or present
mixed results (Biagi & Loi, 2013; Comi, Argentin, Gui, Origo, & Pagani, 2017; Luu &
Freeman, 2011; Ponzo, 2011; Skryabin, Zhang, Liu, & Zhang, 2015).

Focusing on ICT availability first, for instance Erdogdu & Erdogdu (2015) may
be mentioned, who come up with the finding that the availability of the internet,
whether at home or in school, has a positive effect on learning outcomes of students.
However already an older study by Woessmann & Fuchs (2014) has shown that the
relation between ICT availability and school performance may turn the other way
round as soon as other relevant factors are taken into consideration. In their study,
including variables concerning family background and school characteristics resulted
in turning the originally positive correlation into a negative one for PC availability
at home and into a non-significant correlation for PC availability at school. As for
ICT use by students, Ponzo (2011) has identified a significant positive relationship
between students’ learning outcomes and the frequency of using the PC as an edu-
cational tool at home but mentions also the negative effect of PC use in school on
learning outcomes. Biagi & Loi (2013) also present mixed results, finding a positive
relationship of some ICT-based activities with learning outcomes but a negative
relationship for other activities. All of the above stated shows that the correlation
between ICT availability and use, whether at school or at home, is not straightfor-
ward and may be influenced by a number of other factors. This presents the obvious
requirement for researchers to be aware of the complexity of this relationship and
choose appropriate analytical procedures. This also indicates with increasing urgen-
cy the need to rely not only on quantitative indicators of ICT use (see Lei, 2010) but
monitor and consider in analyses other relevant ICT-related factors and variables.

2 Research problem

As has already been stated, modern technologies are a topical issue in the context
of Czech educational policies. Despite this, many questions in ICT-in-education re-
search and monitoring remain unanswered. Even data concerning the use of ICT
obtained within International Large-Scale Assessments remain largely unaddressed,
the reports and secondary analyses published by the Czech School Inspectorate being
a rather rare exception. Lack of clarity also characterizes the international research
in digital technologies in education, where the findings of research in the effect of
technologies on students’ learning outcomes tend to be mixed and contradictory.
This study therefore aims to reach a better understanding of how ICT availability
and use by Czech students in school and outside of school is reflected in their school
performance. We would like to contribute to a better understanding of these issues,
lessening the “white spots” in the map of this topic.
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Availability of ICT to students is naturally influenced both by the family envi-
ronment and the environment at school. Therefore, we want to focus on access to
modern technological equipment in schools as well and we want to find out whether
the level of this equipment plays a role in students’ learning outcomes. One of the
key elements of the use of digital technologies in contemporary society is using
the internet. The analysis will therefore specifically focus also on time spent by
15-year-olds online. Finally, we seek to determine how students’ learning outcomes
reflect their interest in modern technologies and their perceived competence and
autonomy in using them.

We have therefore formulated the individual research questions as follows:

1) To what extent is the availability of ICT to students in school and at home related
to their school performance?

1a) To what extent is the level of ICT equipment in schools related to students’
school performance?

2) To what extent is the use of ICT by students in school and at home related to
their school performance?

2a) To what extent is the frequency of using the internet by students in school and
at home related to their school performance?

3) To what extent is students’ interest in using ICT related to their school perfor-
mance?

4) To what extent is students’ perceived autonomy and competence in ICT usage
related to their school performance?

3 Data and methodology
3.1 Sample and procedure

The analyses are based on data from PISA 2015 (Czech dataset), specifically data
concerning students’ results in tests of mathematical (MATH), reading (READ) and
science (SCIE) literacy, data from the student questionnaire (primarily the ICT
Familiarity Questionnaire) and data from the school questionnaire.

The final sample contains data from 6812 students aged 15 to 16 (range =
15.3-16.3, M=15.8, SD = 0.28, 49.7% of girls) from 333 schools.'2 In terms of schools,
the data was collected in 144 primary schools (PS), 53 secondary vocational schools
without maturate (SVS), 56 secondary technical schools with maturate (STS), 44
8-year and 6-year gymnasiums (G8-6) and 44 4-year gymnasiums (G4). The school
data included 88.6% of state-funded schools and 9.6% of private or church-funded
schools. For 6 schools in the dataset this piece of information was missing.

12 The analysis excluded 82 students from 11 practical and special schools.
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3.2 Measures

To answer the research questions formulated above, the research based the proxy in-
dicator of school performance of students (i.e. the dependent variable) on students’
performance in tests of mathematical, reading and science literacy. The analysis was
conducted separately for mathematical, reading and science literacy, as the analyses
have shown that there are certain differences as to the influence of the ICT-related
variables on student performance between the individual areas.

Let us also remark that in PISA 2015 data, student performance in these areas is
represented by 10 plausible values each (compared with only 5 plausible values in
the previous runs). This fact was taken into account in an appropriate way by the
analyses. 3 Weight coefficients were also applied so that the calculations are correct
with respect to the nature of PISA 2015 data.

3.2.1 ICT availability

As for ICT availability from student perspective, students’ answers in the ICT Famil-

iarity Questionnaire provide two indexes: one reflecting ICT availability in school

(ICTSCH) and the other measuring ICT availability at home (ICTHOME). 4 Questions

of both kinds were formulated asking about selected devices and their availability

at home or in school. The list of devices in both kinds of questions included options
such as PC, laptop, mobile phone, or USB flash disk. Some devices were only listed in
connection with school (such as the interactive whiteboard), others only in connec-
tion with home (such as the PlayStation). For each of the selected devices, students
were choosing from among these options: Yes and | use it; Yes but | don’t use it and

No. The resulting index was calculated as a sum of the component items.

The questionnaire administered to school headmasters (school questionnaire)
within PISA 2015 survey included several questions concerning ICT equipment avail-
able in the school (questions SC004Q01 through SC004Q07). Our research in ICT
availability to students therefore also focused on the level of ICT equipment in
school. We monitored five variables:

- Number of PCs per student. The variable was calculated using answers to ques-
tion How many computers are approximately available to these students in your
school for their learning?; the expression ‘these students’ refers to the previous
question, focusing on the number of students in the grade under analysis, i.e.
grade 9 in primary schools, grade 1 in secondary schools and 4-year gymnasiums
and the corresponding grade in 8-year and 6-year gymnasiums. The number of
computers listed thus did not have to correspond to the overall number of com-
puters in the school; the question targeted the number of computers available to

13 As Soukup (2016) or Strakova (2016) claim, the analyses have to be made for each of the plausi-
ble values separately, then calculating a mean value (the standard error is calculated from the
variance of the individual values).

14 The abbreviation in the brackets is the reference to the given variable in PISA 2015 dataset. For

more information on how individual indexes or scales were constructed see the OECD Technical
Report for 2015.
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students in the grade under analysis. The construction of the variable excluded
several instances of extreme values where the assumption was that the headmas-
ter filling in the questionnaire considered the whole school instead of the grade
in question.

- Number of portable PCs per student. This variable was similar to the one de-
scribed above, the difference being that only portable computers (laptops) were
to be considered. In this case, too, several extreme values were excluded from
the dataset.

- Number of PCs per teacher. The variable was constructed using answers to the
question How many internet-connected PCs are available in your school to teach-
ers? The answers were related to the total number of teachers with a full-load
employed by the school (question SCO18Q01TAO01 in the questionnaire).

- Number of interactive whiteboards in the school. The variable was based on the
question How many interactive whiteboards are available in your school? (with-
out further adjustments).

- Number of data projectors in the school. The variable was based on the question
How many data projectors are available in your school?, again without any fur-
ther adjustments.

Let us remark that due to the distribution of these five variables not being nor-

mal, each of the five variables was subjected to logarithmic transformation before

being included in the model.

3.2.2 ICT use

PISA 2015 also measured ICT use by students both in school and at home. In domestic

environment, it was further differentiated between ICT use in connection to school

(i.e. primarily to prepare for classes) and ICT use for enjoyment and/or in one’s

leisure-time.'> This provided us with three indexes. The corresponding questions

in the questionnaire focus on the frequency of using electronic devices, students
choosing from among the following options: Never or hardly ever; Once or twice in

a month; Once or twice a week; Almost every day; Every day. The individual indexes

have been constructed using IRT modelling (OECD, 2017d).

- Students’ use of ICT at school (USESCH). Examples of activities students respond-
ed to are, for instance: Chatting online at school; Playing simulations at school or
Using school computers for group work and communication with other students.
The item reliability of the index for CR is 0.887 (Cronbach’s alpha).

- Students’ use of ICT outside of school for school work (HOMESCH). Examples of
activities are: Browsing the Internet for schoolwork; Using email for communi-
cation with other students about schoolwork or Doing homework on a computer.
The item reliability of the index for CR is 0.901.

15 We believe that this differentiation should be applied also when ICT use in school is studied, as
the use by students in school itself does not guarantee that ICT are used primarily for school
purposes.
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- Students’ use of ICT outside of school for leisure activities (ENTUSE). Examples
of activities are: Chatting online; Browsing the Internet for fun; Playing online
games via social networks etc. The item reliability of the index for CR is 0.810.
Besides the above-listed indexes, we have analysed data from questions focusing

specifically on the frequency of using the internet. These are three questions in the

questionnaire asking about the time usually spent by students online (ICO05Q01TA,

IC006QO01TA, IC007Q01TA). The first one focuses on the school environment, the

second on the home environment during an average weekday, and the third one on

the home environment during the weekend (average Saturdays and Sundays). With
all three questions, students select from among seven options: No time, 1-30 min-
utes per day; 31-60 minutes per day; Between 1 hour and 2 hours per day; Between

2 hours and 4 hours per day; Between 4 hours and 6 hours per day and More than

6 hours per day.

For the purposes of the analysis the number of categories for each variable was
reduced to 5, considering the number of cases within each category (and joining pri-
marily those categories which contained few cases). For the variable characterizing
the use of internet in school, the following five levels were distinguished in the final
analysis: No time; 1-30 minutes per day; 31-60 minutes per day; Between 1 hour
and 4 hours per day and More than 4 hours per day while with variables concerning
time spent online at home, the following levels were distinguished: Between no
time and 30 minutes per day; Between 31 minutes and 2 hours per day; Between
2 hours and 4 hours per day; Between 4 hours and 6 hours per day and More than
6 hours per day.

3.2.3 ICT interest and ICT in students’ social life

PISA 2015 survey measured interest in ICT in general as well as to what extent ICT

was integrated into the lives and social interactions of 15-year-old students. In both

cases, the question in the questionnaire was exploring the degree of agreement or
disagreement with selected statements concerning students’ interest in ICT. Stu-
dents scored each statement on a four-point Likert scale, the options ranging from

Strongly disagree to Strongly agree. Let’s add that PISA 2015 was the first occasion

for these questions to be used in a PISA survey. 16

- Students’ ICT interest (INTICT). Examples of statements students responded to
are: | like using digital devices; | am really excited discovering new digital devic-
es or applications or | really feel bad if no internet connection is possible. The
item reliability of the index for CR is 0.775.

- The degree to which ICT is a part of students’ daily social life (SOIAICT). Examples
of statements students responded to are: [ like to share information about digital
devices with my friends or To learn something new about digital devices, I like to
talk about them with my friends. The item reliability of the index for CR is 0.880.

16 The previous PISArun, i.e. PISA 2012, in contrast, included two sets of questions (and two index-
es) focusing on attitudes towards computers (computer as a tool for school learning) (OECD,
2014).
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3.2.4 ICT competence and autonomy in ICT usage

Perceived competence and autonomy in ICT use was the focus of the another two

questions newly used in PISA 2015. Both questions had the same form as the above

described questions focusing on interest in ICT (i.e. respondents expressed their
interest or lack of interest using a four-point Likert scale).

- Students’ perceived competence in ICT usage (COMPICT). Examples of statements
students responded to are: | feel comfortable using digital devices that | am less
familiar with or If my friends and relatives have a problem with digital devices,
I can help them. The item reliability of the index for CR is 0.858.

- Students’ perceived autonomy related to ICT usage (AUTICT). Examples of state-
ments students responded to are: If | need new software, | install it by myself or
If I have a problem with digital devices I start to solve it on my own. The item
reliability of the index for CR is 0.821.

Table 1 Basic descriptive statistics for continuous variables at the student level.

N Min Max M SD Skewness  Kurtosis
ICTSCH 5800 0.00 10.00 5.68 2.07 0.02 0.17
ICTHOME 5973 0.00 11.00 8.28 1.72 -0.52 0.52
USESCH! 6330 -1.67 3.63 0.27 1.03 0.46 1.84
HOMESCH' 6239 -2.69 3.60 0.13 0.95 0.39 4.35
ENTUSE! 6382 -3.71 4.84 0.17 1.03 1.14 7.60
INTICT? 6304 -2.99 2.82 -0.14 0.94 0.66 1.98
SOIAICT! 6260 -2.14 2.43 -0.09 1.01 0.32 0.55
COMPICT! 6262 -2.66 1.97 -0.1 0.96 0.25 0.28
AUTICT! 6295 -2.50 2.10 -0.09 0.95 0.50 0.56
ESCS! 6716 -3.01 3.49 -0.19 0.79 0.11 -0.23
MATH? 6812 153.74 801.74 495.93 88.21 -0.03 -0.18
READ? 6812 91.48 879.05 490.94 98.12 -0.17 -0.25
SCIE2 6812 139 823.97 495.84 93.87 0.04 -0.39

1 The variable is conceived in such a way that the mean value across OECD countries is 0 and the
standard deviation is 1.

2 The variable is conceived in such a way that the mean value across OECD countries is 500 and the
standard deviation is 100.

Let us conclude this section by noting that the analyses and modelling used also
some other variables, mainly as control variables. These included especially the
index of economic, social and cultural status (ESCS),'” which was used both at the
student level and at the school level (ESCS - L2). At the student level the analyses

17 The construction of the index of economic, social and cultural status in PISA surveys is a rather
complex issue; for a better insight into how the index is constructed see OECD (2017) or Appendix
4, Indexes and scales, in Blazek & Boudova (2017).
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considered also gender of students (coded by effect coding) and at school level the
analyses considered the type of school and an indicator differentiating between
state-funded and private schools (PRIVATE). The school type has been coded by
dummy coding, with primary school serving as a reference category. The variable
PRIVATE has been coded by dummy coding, with state-funded schools serving as
a reference category.

3.3 Data analysis

Since this study is working with hierarchical data (i.e. students are nested within
schools), the analyses are based on multilevel modelling'8. This is a method increas-
ingly used in recent years not only in educational sciences and in connection with
data from ILSA, but also in other disciplines such as sociology, psychology and others
(see Hox, 2010; Snijders & Bosker, 2012; Heck & Thomas, 2015). The method has
not yet found significant application in Czech educational research; a more detailed
introduction has been provided especially by Soukup (2006).

Our modelling followed the recommended general strategy proposed by Heck and
Thomas (2015) and mentioned by Soukup (2006) while the analysis itself was carried
out in statistical environment R (R Core Team, 2017), especially using the BIFIEsurvey
package (BIFIE, 2017). As has already been mentioned, the analyses were conduct-
ed for each of the areas separately (mathematical, reading and science literacy).
The first step involved creating a so-called nullmodel and then a so-called baseline
model including only fundamental variables commonly used to explain differences in
school performance of students. Only then the models were enriched by ICT-related
variables relevant to the research questions, each modelling step only preserving
those variables that proved to be statistically significant.

4 Results

First for each area of analysis a nullmodel was created as a basis for calculating the
intra-class correlation coefficient (ICC). ICC for mathematical literacy was 0.401,
meaning that approximately 40.1% of the variance of students’ school performance
can be attributed to differences between schools.? This ICC can be regarded as rel-
atively high, which is in line with the well-known fact that the educational system
in the Czech Republic is rather strongly stratified and inter-school differences are
relatively high. This has been evidenced by the conclusions of the Czech national
report from the most recent survey (Blazek & Prihodova, 2016), which also shows

18 International research also refers to this type of analysis as multilevel regression models, hierar-
chical linear models, mixed-effects models or random-coefficient models (see Heck & Thomas,
2015).

19 The remaining variance of student performance, i.e. 59.9%, is due to inter-student differences.
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differences in school performance between schools in CR as above-average com-
pared with other OECD countries.20 Let us say for the sake of completeness that the
remaining two areas have similarly high ICCs. 40.7% and 40.3% of the variance can
be attributed to inter-school differences in reading literacy and science literacy,
respectively.

4.1 Basic overview of school performance for Czech students

Table 2 presents the parameters of the baseline two-level models explaining stu-
dents’ performance in the individual areas tested using gender and socioeconomic
status at the student level and socioeconomic status at the school level, differenti-
ating between state-funded and private-funded schools of different types. Reflecting
the coding used for categorical variables included in the model (see section 3), the
constant for each model corresponds to the mean performance of students in the
given area at a state-funded basic school in CR.

Table 2 Baseline models using basic variables related to the performance of Czech 15-year-olds in
tests of mathematical (M), reading (R) and science (S) literacy.

Model 1 (M) Model 1 (R) Model 1 (S)
Fixed effects coef. (SE) coef. (SE) coef. (SE)
Intercept 487.82 (3.64) *** 486.55 (4.73) *** 488.81 (4.15) ***
ESCS 22.47 (1.74) *** 21.89 (2.45) *** 20.87 (1.8) ***
GENDER! -7.68 (1.42) *** 8.39 (1.73) **+* -8.38 (1.41) ***
ESCS (L2) 27.88 (6.35) *** 36.5 (7.79) *** 32.49 (6.94) ***
PRIVATE -18.49 (8.08) * -21.44 (8.4) * -23.41 (8.07) **
G8-6 82.52 (8.2) ** 74.65 (9.51) *** 88.2 (8.29) ***
G4 73.52 (7.6) *** 77.73 (7.91) ** 76.92 (7.53) ***
STS 29.56 (5.19) *** 32.28 (6.39) *** 28.27 (5.4) ***
SVS -35.19 (7.43) *** -44.76 (7.65) *** -37.28 (7.14) ***

Variance component
4085.3 (94.2) ***
420.1 (80.7) ***
Explained proportion of variance

0.088

0.866

Random effects
Residual variance

Intercept variance

At the student level

At the school level

Variance component
5118.3 (90.3) ***
601.1 (105.6) ***

0.063
0.843

Variance component
4679.1 (52.5) ***
521.1 (92.2) ***

0.072
0.853

*p <0.05; * p <0.01; ** p < 0.001
1 effect coding

20 Since special and practical schools were excluded from the analyses, inter-school differences are
somewhat lower compared with the above-mentioned national report.
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Using the example of performance in mathematics, the coefficient of socioeco-
nomic status at the student level may be interpreted by saying that increasing the
index of economic, social and cultural status of a student by one point results in
increasing their score in mathematical literacy by 22.47 points. The socioeconomic
status at the school level is to be interpreted analogically. The effect of socioeco-
nomic status on student performance is significant. While socioeconomic status at
the student level has approximately the same effect on student performance in all
areas tested, the effect of socioeconomic status at the school level is stronger for
reading and science literacy than for mathematical literacy.

In the context of effect coding, which has been used, the gender coefficient
means that girls score by 7.68 points worse than the average student in mathematical
literacy and boys score by the same number of points better than the average. Girls
are significantly better in terms of reading literacy while boys are better in terms
of science literacy again. In all areas analysed, students studying at private-funded
schools score significantly worse compared with students at state-funded schools.
The coefficient for individual types of school reflects how much better or worse av-
erage students in the given type of school perform compared with primary schools.

We regard models in Table 2 as baseline models in the sense of including only
the basic parameters commonly used to explain differences in student performance
(i.e. socioeconomic status, gender and type of school). The explained proportion of
variance at the student level and at the school level in these models will be regarded
as reference value. The results obtained from the subsequent models, which will also
include ICT-related parameters, will be compared with these baseline models. This
will allow us to see to what extent ICT are a factor related to student performance
beyond the basic factors included in the baseline models.

4.2 Performance of Czech students and ICT

Table 3 presents the basic ICT-related factors which turned to be significant in the
individual areas of testing. We can see that in all three areas, the use of ICT by
students in school (USESCH) is negatively correlated with their performance. The
same holds for the index describing ICT as a part of students’ everyday social life
(SOIAICT). In contrast, a significantly positive relationship has been found between
student performance and perceived autonomy in ICT use (AUTICT). Students who
feel to be autonomous/independent in using technologies perform significantly bet-
ter than other students.

In addition, both reading literacy and science literacy were significantly connect-
ed to ICT availability at home (ICTHOME) and use of ICT outside of school for school
work (HOMESCH). In both cases however this relationship proves to be (perhaps
surprisingly) negative. This means that students who can access ICT tools at home
more easily and use them more to prepare for school perform worse in reading and
science literacy.
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The use of ICT by students outside of school for entertainment (ENTUSE) has not
proved significant in any of the areas analysed. Similarly, no significant differences
(with respect to school performance) have been recorded in terms of ICT availability
in school (ICTSCH) or perceived competence in ICT use (COMPICT). It is also due to
say that none of the variables concerning ICT equipment in school (i.e. numbers of
PCs per student or per teacher and numbers of interactive whiteboards and data
projectors in school) has proved to be statistically significant with respect to student
performance in the individual areas analysed.

A comparison of the explained proportion of variance in the models including
ICT-related factors with the above-described baseline models shows that the ex-
plained proportion of variance increased from 8.8% to 17% at the student level and
from 86.6% to 89.9% at the school level. The difference therefore is 8.2% at the stu-
dent level and 3.3% at the school level. The situation concerning reading (difference
of 10% at the student level and 3.6% at the school level) and science (difference of
11.5% at the student level and 4.1% at the school level) is similar. This allows us to
conclude that the connection between ICT and student performance is stronger at
the individual level than at the school level. Also, the relationship between ICT and
student performance is the highest in science and the lowest in mathematics.

Table 3 Basic ICT-related variables and performance of Czech 15-year-olds in mathematical (M),
reading (R) and science (S) literacy (only significant ICT-related parameters are stated in the table
to make it easy to read, although the models included all parameters used in the baseline models).
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Model 2 (M) Model 2 (R) Model 2 (S)
Fixed effects coef. (SE) coef. (SE) coef. (SE)
Intercept 495.21 (3.07) *** 517.05 (8.58) *** 524.69 (7.73) ***
ICTHOME -2.3(0.82) ** -3.01 (0.75) ***
HOMESCH -5.87 (1.75) ** -6.5 (1.64) ***
USESCH -14.11 (1.37) *** -15.35 (1.77) *** -14.43 (1.65) ***
SOIAICT -6.34 (1.68) *** -6.06 (2.01) ** -5.07 (1.69) **
AUTICT 16.47 (1.46) *** 16.63 (2.15) *** 17.63 (1.77) ***

Random effects
Residual variance

Intercept variance

Variance component
3752.3 (88.4) ***
286.5 (61.9) ***

Explained proportion of variance

At the student level

At the school level

0.17
0.899

Variance component
4571.4 (83.3) ***
391.8 (96.2) ***

0.163
0.879

Variance component
4166.4 (58.9) ***
329.5 (76.2) ***

0.187
0.894

*p <0.05; * p<0.01; ** p <0.001
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4.3 Performance of Czech students and internet use

Table 4 presents models focusing on the use of the internet. All of them concern
mathematical literacy. Compared with the previous model, the first model considers
the use of the internet at school, the second the use of the internet at home on
weekdays, and the third one the use of the internet during weekends. In all cases,
the variable reflecting internet use was coded by dummy coding, with zero use or
minimum use of the internet as the reference category.

We can see that internet use at school has a statistically significant negative effect
for students whose school use of the internet exceeds one hour. Using the internet
for over an hour per day at school is associated with worse performance in maths.
The situation with internet use at home is however different. Students not using the
internet or using it for only up to 30 minutes per day perform significantly worse than
students using it for 31 minutes to 6 hours. Students using the internet at home for
over 6 hours a day perform the same as students who do not use it at all or only up to
30 minutes a day. It therefore seems that excessive internet use by students (at home)
has just as negative impact on their performance as zero or minimal internet use.

Due to the limited space of this article, the following table (table 4) presents only
the models made for mathematical literacy. Nevertheless, the results for reading
literacy and partly also science literacy were similar. The only exception was the
model concerning science literacy and internet use during weekends. The differenc-
es in internet use did not prove significant in this case.

Table 4 Frequency of internet use and performance of Czech 15-year-olds in mathematical literacy
(the basic parameters applied in the baseline models are not presented, even though they have
been included).

Model 3a (M) Model 3b (M) Model 3c (M)
Fixed effects coef. (SE) coef. (SE) coef. (SE)
Intercept 500.41 (3.75) *** 479.93 (5.32) *** 483.07 (5.84) ***
USESCH -11.76 (1.34) *** -13.39 (1.31) ** -13.85 (1.33) ***
SOIAICT -6.68 (1.66) *** -6.1 (1.66) *** -6.65 (1.67) ***
AUTICT 16.95 (1.49) *** 17.03 (1.53) *** 17.08 (1.53) ***

Internet at school:
1 to 30 minutes

31 to 60 minutes
1 to 4 hours
over 4 hours

Internet at home:
31 mins to 2 hours

2 to 4 hours
4 to 6 hours

over 6 hours

-1.7 (3.34)
-2.83 (4.43)
-10.05 (3.95) *
-29.24 (5.82) ***

23.28 (5.48) ***
22.12 (5.3) ***
13.44 (5.59) *
0.29 (6.2)



Internet on weekends:

31 mins to 2 hours
2 to 4 hours

4 to 6 hours

over 6 hours
Random effects
Residual variance

Intercept variance
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Variance component
3683.3 (87.4) ***
270.9 (59.1) ***

Explained proportion of variance

At the student level
At the school level

0.189
0.904

Variance component
3663.2 (85.1) ***
262.3 (58.9) ***

0.192
0.906

15.11 (6.25) *
19.6 (6.63) **

16.91 (6.11) **

3.58 (6.02)

Variance component
3689.8 (84.4) ***
275.8 (62.6) ***

0.185
0.902

*p <0.05; * p<0.01; ** p < 0.001

4.4 ICT in interactions
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Finally, we have analysed whether the relationship between the analysed ICT-related
variables and student performance in mathematical, reading and science literacy
is moderated by other variables. Due to the limited space, we only report selected
results of the interaction analysis. Table 5 presents 3 different models addressing
interactions with gender and type of school.

Table 5 Models with interactions (not all baseline models’ parameters are presented, to keep the

table easy to read).

Model 4 (M) Model 5 (R) Model 6 (S)
Fixed effects coef. (SE) coef. (SE) coef. (SE)
Intercept 495.27 (3.08) *** 515.4 (8.73) *** 525.59 (7.69) ***
ICTHOME -2.25 (0.82) ** -3.05 (0.75) ***
HOMESCH -6 (1.76) ** -6.43 (1.67) ***
SOIAICT -6.54 (1.67) *** -7.05 (2.04) ** -5.08 (1.69) **
AUTICT 15.95 (1.54) *** 14.16 (2.41) *** 17.57 (1.76) ***
GENDER -7.18 (1.65) *** 7.78 (1.74) *** -7.56 (1.47) ***
INTICT 0.48 (1.7)
GENDER x INTICT -2.36 (1.17) *
COMPICT 3.05 (1.87)
GENDER x COMPICT -4.29 (1.41) **
USESCH -14.43 (1.35) *** -15.36 (1.78) *** -16.91 (2.11) ***
SVS -27.63 (7.23) *** -31.66 (7.41) *** -26.5 (7.08) ***
SVS x USESCH 6.76 (2.94) *
STS 28.45 (4.76) *** 30.04 (5.93) *** 24.94 (5.02) ***
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STS x USESCH 6.6 (2.51) **

G4 70.01 (7.25) *** 72.67 (7.5) *** 70.71 (6.9) ***
G4 x USESCH 7.723)*

GV 76.5 (7.57) *** 64.73 (8.65) *** 78.46 (7.7) ***
GV x USESCH -0.42 (3.98)
Random effects Variance component  Variance component Variance component
Residual variance 3735.9 (85.9) *** 4556.4 (85.2) *** 4153.9 (58.2) ***
Intercept variance 290.5 (64.9) *** 385.7 (96.1) *** 329.7 (77.4) **+*
Explained proportion of variance

At the student level 0.172 0.168 0.191

At the school level 0.897 0.881 0.894

*p <0.05; * p<0.01; ** p <0.001

It turned out above all that although initially interest in ICT (INTICT) and per-
ceived ICT competence (COMPICT) did not seem to be significant factors, they turned
out to be significant (in some cases) after including the interaction with gender. The
relationship between ICT interest and student performance (Model 4) as well as the
relationship between perceived ICT competence and student performance (Model 5)
are significantly moderated by gender. In both cases high interest in ICT and high
perceived ICT competence are associated with better results for boys and the trend
tends to be opposite for girls. The decrease for girls is however milder than the
increase for boys. Another interesting finding is that while the interaction between
ICT interest and gender was significant only in connection with mathematical liter-
acy (Model 4), the interaction between gender and perceived ICT competence was
significant in all three areas of analysis (although Table 5 shows only the model for
reading, i.e. Model 5).

The last of the models (Model 6) addresses the interaction between ICT use in
school (USESCH) and type of school. Here, too, the analysed interaction proved
significant, meaning that the relationship between ICT use at school and students’
performance varies significantly depending on the type of school. It is true for all
types of school that higher USESCH scores are associated with worse school perfor-
mance, but the relationship is considerably stronger for primary schools and 8-year
and 6-year gymnasiums than other types of school. This means that the worsening of
school performance with increasing ICT use at school gets more serious with these
two types of school.

5 Discussion

The results of the analyses allow us to conclude that neither ICT availability at
school nor ICT equipment available at school seem to have a direct effect on student
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performance. This finding may be regarded as a rather expectable one (also see the
European Schoolnet research, 2013). As we have said in Section 1, most of the activ-
ities concerning ICT in education so far have addressed equipping schools with tech-
nologies and making sure that a basic level of availability of digital technologies will
be the case in all schools. It therefore seems that a certain basic level of technology
availability has been provided in Czech schools and the now existing differences in
technologies available are not so pronounced any more to have a direct effect on
student performance. This does not naturally mean that technological equipment in
schools and ICT availability has ceased to be an important topic. The issue is, firstly,
still topical due to the fast ageing of modern technologies (CSI, 2009, 2017b) and,
secondly, technological availability is a basic prerequisite for technologies to be used
in schools. Therefore, although their availability does not influence students’ school
performance directly, it still is an indirect influence.

One rather surprising finding concerning ICT availability is that ICT availability
at home proved to be significant. It is firstly surprising that it turned out to be sig-
nificant only in connection to performance in reading and science literacy but not
in connection with mathematical literacy, and, secondly, because its effect on stu-
dents’ performance was negative. We are not able to explain this unequivocally and
this topic will need to be further researched. The supplementary analyses, which
unfortunately could not be fully described in this paper, however indicate that two
factors might be at play. 1) The PISA questionnaire conceives the question concern-
ing ICT availability not only in terms of its physical presence in students’ homes but,
to some extent, in terms of its use. 2) ICT availability at home seems to be moder-
ated by the student’s family’s socioeconomic status, where for students with higher
ESCS index greater ICT availability at home is related to better performance and for
students with lower ESCS index with worse performance. It is therefore possible that
the ICT availability index partly reflects ICT use by students while ways of ICT use by
students vary depending on the socioeconomic status of the student’s family. This
would be in agreement with partial results of Czech School Inspectorate’s secondary
analysis (CSI, 2016), which identified certain differences in ICT use by students from
families with varying socioeconomic status.

As for ICT use by students, attention was paid to their use of ICT at school and
outside of school for school work and for leisure activities. As for ICT use at home, as
it was to be expected, there was no significant link between ICT use in leisure time
and school performance. In contrast, a rather surprising finding was the negative
link between students’ school performance and their ICT use at home for school
work (such as doing homework using the PC etc.). Some supplementary analyses will
need to be performed to explain this link. The results of the analyses made so far
however do not indicate that this relationship has to do with the student’s gender
or socioeconomic status of their family. It is also due to say that the significantly
negative effect of ICT use at home for school work was reflected only in terms of
reading and science literacy.
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A less surprising finding was the negative link between ICT use at school and stu-
dents’ school performance. Hints of this relationship occurred already in PISA data
international analyses from previous years (OECD, 2015) as well as in the secondary
analysis of PISA 2012 data by the Czech School Inspectorate (2016). To understand
and explain the negative effect of ICT use in school on students’ school performance,
one primarily needs to be aware of how this index is conceived in PISA surveys. Rath-
er than a measure of how (much) ICT are used in the given school, it is a measure of
how (much) the given student uses ICT at school. It therefore reflects individual use
of ICT by the student, which need not necessarily correspond to how ICT are used
in the school as a whole. This is consistent with the partial results of the analyses,
where the ICT use index aggregated at the school level did not seem significant.
What also could play a role is the way respondents are selected as PISA surveys do
not consider the level of the class (Strakova, 2016). However, ICT use at school may
differ significantly depending on the specific class and teacher. It has also turned out
that the relationship between ICT use at school and students’ school performance is
significantly moderated by type of school, this negative relationship being stronger
in primary schools and 8-year and 6-year gymnasiums. Thus, a broader context seems
to play an important role in ICT use by students as well.

Moreover, the index of ICT use at school includes relatively general components
not concerning ICT directly for school-related activities (the questionnaire, for in-
stance, features items such as Chatting online at school or Using email at school).
It is therefore easy to imagine that even students who do not pay attention to the
learning content in class may have a high index of ICT use at school, chatting on-
line with friends instead. Other items included in the index concern e.g. practising
learning content or doing homework using a school PC, which are also likely to be
more frequent with less successful students. Underperforming students may simply
need to learn more at school (including using PC) and/or may try to catch up with
homework at school after they have not given it enough time at home. This seems
to be in line with the partial results of the secondary analysis by the Czech School
Inspectorate (2016), according to which students from successful schools use school
computers to practise learning content less. It may however also be that insufficient
training of teachers for efficient ICT use in class also plays a role. This would be
consistent with the results of TALIS 2013 research, which suggest that ICT skills are
one of the most demanded topics in professional training of Czech teachers while the
greatest proportion of Czech teachers call for more professional training in ICT skills
for teaching (Kasparova, Boudova, Sevcd, & Soukup, 2014). Inadequate skills among
teachers were also indicated in research by Zounek and Sed’ova (2009), according
to which teachers tend to use ICT to reward students for working well in class and
use them for their own teaching to a much smaller extent.

Besides ICT use in general, we have analysed the use of the internet by students
during an ordinary day, at school, at home on a weekday, and at home on weekends.
The results are, again, largely consistent with what we know from PISA 2012 survey
(CSI, 2016; OECD, 2015). Attention so far has largely been paid to the negative ef-
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fect excessive internet use has on student performance. The results of our analyses
however indicate that excessive use of the internet (over 6 hours per day) at home
is associated with the same - meaning equally bad - performance at school as mini-
mum internet use (up to 30 minutes). The simple rule “The more internet at home,
the worse performance at school” is thus not valid. Worse performance seems to
be associated with “extreme” uses of the internet, at both ends of the range (i.e.
too much and too little). The situation regarding the use of the internet at school
is different: it indeed seems that the more students use the internet at school, the
worse they perform. The explanation may however again be that using internet at
school is a general label including not only internet use for learning but potentially
conflicting with it (i.e. students may use the internet instead of paying attention to
what they should be learning).

Finally, there were two variables concerning interest in ICT (i.e. INTICT and
SOIAICT) and variables concerning ICT competence (COMPICT) and ICT autonomy
(AUTICT) which were included in the analyses. These were however indexes newly
introduced in PISA 2015, which cannot be simply related to the results from pre-
vious years. These variables have not been addressed by reports publishing results
of PISA 2015 so far (see OECD, 2017a, 2017b, 2017c), therefore a basic comparison
with countries included in PISA surveys is not possible. Nevertheless, focusing first
on ICT competence and ICT autonomy, somewhat surprising is the strong positive
relationship between students’ autonomy in ICT use and their performance in tests
of mathematical, reading and science literacy. This link may be due to the fact that
better-performing students can generally work in more autonomous ways, which
gets reflected in their autonomy in using digital technologies. Autonomy in ICT use,
however, also requires some competence in using technologies; it was therefore
rather surprising that the index of perceived ICT competence initially did not seem
significant. A more detailed analysis however revealed that the connection between
ICT competence and school performance varies significantly depending on gender.
While the relationship is positive for boys (i.e. higher competence is related to bet-
ter results) the relationship is mildly negative for girls.

The same is true of ICT interest, but only in connection to performance in math-
ematical literacy. Explanation for these findings may be found on the basis of ICILS
survey results (Basl, Bird, Boudova, & Tomasek, 2015; Basl, Boudova, & Rezacova,
2014; Fraillon, Ainley, Schulz, Friedman, & Gebhardt, 2014), according to which girls
did perform better at tests of computer and information literacy while their compe-
tencies in terms of advanced skills were assessed as worse. It was also boys rather
than girls who expressed interest in ICT. It therefore seems that there are major
differences between girls and boys in CR concerning interest in ICT, perceived ICT
competencies and their effect on school performance. Last but not least, a rather
surprising result is the negative correlation between the extent modern technol-
ogies play a role in everyday lives of students (SOIAICT) and school performance
of students in all three researched areas. Unfortunately, in this case a comparison
with other countries included in PISA surveys has not been available either nor are
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more detailed analyses which could help explain the identified relationship more
thoroughly.

6 Conclusions

Our study capitalizes on one of the opportunities provided by using data from ILSA
to get a deeper insight into ICT in the context of the Czech educational system. We
believe that the results of our analyses may yield important information for national
educational policies on ICT, where the missing research and evaluation of the impact
of ICT use on school education has been among the key problems.

Besides the results as such, we believe that our study illustrates also general
possibilities of secondary ILSA analyses while pointing out also some of their lim-
itations. Due to the rather broad focus of the study, its outputs include a series of
new questions calling for more attention of research. Follow-up research could, for
instance, address supplementary analyses of PISA data focusing on more specific
questions concerning digital technologies. Another option is to use ICILS 2013 data,
which has not been fully used in the Czech context yet. Our view is that these quan-
titative analyses should also be supplemented with qualitative research, which may
mediate a better understanding of the contexts of ICT use by individuals at school
and at home. Our further research therefore aims to go in this direction as well.

Last but not least it is due to mention the need for a specifically focused national
survey to address not only links between ICT use by students and their school per-
formance (measured in a traditional way). We believe that with respect to the so
called competencies for the 21st century, attention should also be paid to whether
and to what extent modern technologies can play a role in situations when students
must combine their technological knowledge and skills with critical thinking, ability
to work in teams and communicating with other actors (at school and beyond school)
or come up with out-of-the-box and creative solutions to problems.
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