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Foreword

Our increasingly technology-rich world raises new possibilities and new
concerns for education. First, technology can provide tools for improving the
teaching and learning process, thereby opening new opportunities and ave-
nues. In particular, it can enhance the customisation of the educational proc-
ess by adapting it to the particular needs of the student. Second, as education
prepares students for adult life, it must provide them with the skills they need
to participate in a society that increasingly requires technology-related com-
petences. The development of these competences, which are part of the set of
the so-called 2Ist century competences, is becoming an integral part of the
goals of compulsory education. Finally, in a knowledge economy driven by
technology, people who do not master these competences may suffer from a
new form of digital divide that may affect their capacity to fully participate
in the knowledge economy and society.

OECD countries have undertaken significant investments to enhance
the role of technology in education. The question that arises is whether this
investment in technology in education systems is fulfilling expectations. PISA
(Programme for International Student Assessment) 2006 provides a wealth of
comparative data to start answering this question. These data provide evidence
on the availability and use of technology and the actual benefits accruing from
it. Analysis of the data can also help to identify potential bottlenecks, such as
low intensity of use in schools, that may hinder the achievement of the desired
goals and therefore be of use for policy formulation.

One of the most striking findings of this study is that the digital divide
in education goes beyond the issue of access to technology. A second digital
divide separates those with the competences and skills to benefit from com-
puter use from those who do not. These competences and skills are closely
linked to students’ economic, cultural and social capital. This has important
implications for policy and practice. Governments should clearly convey that
computer use matters for the education of young people, and they should do
their best to engage teachers and schools in raising the frequency of computer
use to a relevant level. Such an increase would not only be a clear indication
of teachers’ and schools’ implication in the development of 21st century skills

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



4 FOREWORD

and competences, it would also lead to gains in educational performance.
Schools should be made aware of their crucial role in the development of the
cultural capital that will allow students to bridge this second digital divide.

This study was carried out under the umbrella of the OECD’s New
Millennium Learners project. Its objectives include the investigation of the
impact of technology use on educational performance. The work presented
here updates the findings of a previous OECD report (4re Students Ready for
a Technology-Rich World: What PISA Studies Tell Us, 2005), and also seeks
to delve more deeply into the determinants of technology use, in terms of
frequency and purpose, and into the impact on educational performance. It is
important to acknowledge that this report is the result of co-operation between
two OECD directorates — Education and Science, Technology and Industry
(STI) — with support from the Norwegian Ministry of Education through the
Network for IT Research and Competence in Education (ITU, University
of Oslo). This co-operation has been extremely fruitful and is expected to
continue.

Francesc Pedro, from the OECD Centre for Educational Research and
Innovation (CERI), managed the report and drafted the chapters on the
policy debate about technology in education, the conclusions and policy
implications, and the pending agenda. Befiat Bilbao-Osorio, also from CERI,
ensured editorial co-ordination and supervised the chapters written by exter-
nal contributors. Chapter 2 was written by Magdalena Claro, currently at
the Centre for the Study of Educational Policies and Practices in Santiago,
Chile. Chapters 3 and 4, with substantial sections contributed by other
authors, also benefited from her initial drafts. Cathrine Tomte, Ove Hatlevik
and Geir Ottestad at ITU (University of Oslo, Norway) analysed the gender
issue and provided an exploratory overview of emerging student profiles of
technology use. Pierre Montagnier and Fréderic Bourassa, from the OECD’s
STI Directorate, studied the relations between technology use and attitudes
towards science. Finally, Vincenzo Spiezia and Colin Lewis-Beck, also from
STI, contributed the econometric analysis of the links between technology
use and educational performance in Chapter 4. The report benefited from the
assistance of Ashley Allen, Cassandra Davis and Therese Walsh.
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Executive summary

Objectives of the report

What is the relationship between technology use and educational per-
formance in science? The OECD PISA (Programme for International Student
Assessment) provides a source of evidence for the analysis of this relation-
ship. This report presents the main findings and policy implications of this
analysis. This work was carried out under the umbrella of CERI’s New
Millennium Learners project. The work presented here updates the findings
of a previous report (OECD, 2006) and seeks to go deeper into the deter-
minants of technology use, both in frequency and in purpose, and into the
impact on educational performance.

This report presents results based on PISA 2006 and continues the work
initiated at the OECD in 2005 which presented an initial picture of the role
of ICT in education based on PISA 2003 data (OECD, 2006). It continues the
investigation of how equitable the access is to computers across countries,
how familiar students are with ICT, how often and where they use computers,
for how long they have been using them, how confident they feel, for which
tasks they use them and, finally, what the relation is between these character-
istics and students’ performance.

How the report is organised

More precisely, the Introduction presents overall considerations on the
PISA 2006 data and establishes the objectives and structure of the report.
Chapter 1 summarises the current policy debate on the putative benefits of
the use of ICT in education. Chapter 2 presents students’ access to ICT, in
terms both of infrastructure, e.g. computers, Internet connections and com-
puter software, and of the context or conditions in which ICT access takes
places, i.e. at home or at school or in both. Chapter 3 shows how students use
ICT. In this analysis, a profile emerges indicating that 15-year-old students
who use ICT are far from a homogeneous group. Also included in this chapter

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010
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is a more in-depth analysis of the role that ICT use may play in students’ atti-
tudes to science. Chapter 4 examines the relation between students’ access
to and use of ICT and their performance in PISA 2006. To do so, the current
relation between ICT use and student performance is first presented. Then,
a more detailed microeconometric analysis explores the possible causality
effect of ICT use on students’ performance. Chapter 5 draws the main con-
clusions and makes some policy recommendations that may help improve
overall ICT policy in education. A future research agenda identifying crucial
data needs is also highlighted. These data could serve to provide more solid
evidence on the role and impacts of ICT in education.

Main findings

1. Today all students in OECD countries are familiar with comput-
ers. On the whole, less than 1% of 15-year-old students in OECD
countries declared that they had never used a computer. Interestingly,
neither gender nor socio-economic status is an important determinant
in this respect.

2. Frequency of use at home is not paralleled by use at school. In
most OECD countries more than 80% of 15 year-olds use computers
frequently at home but a majority do not use them at school, except
in Hungary.

3. Despite increasing investment in ICT infrastructure in schools,
student-computer ratios are still a handicap for ICT use in
schools. The OECD average is five students per computer. It has
dropped by 50% since 2000, when it was ten students per computer,
but it is roughly the same as it was in 2003.

4. Digital media are increasingly used as educational resources, but
disparities across countries are large. As access to digital media
and the Internet at home increases, the importance of books as tools
for coursework decreases.

5. The main use of computers is related to the Internet or to enter-
tainment. More than 60% of students frequently use their computers
for e-mail or chatting (69%) and to look up information about people,
things or ideas on the Internet (61%). More than 50% frequently
use them to download music (58%) and play games (54%), and the
relatively lowest percentage of frequent computer use is to download
software (41%) and to collaborate with a group or team (37%).

6. A variety of student profiles are linked to different uses of tech-
nology. The six suggested profiles (analogue, digi-casual, digi-wired,
digi-sporadic, digi-educational, and digi-zapper) reflect a variety
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of computer uses which relate to socio-economic status (ESCS) and
gender. The strong socio-economic differences in students’ use of
computers for leisure activities is not matched by similar differences
in the type of activities more likely to be practiced in school. In fact,
the difference between students from the bottom and top ESCS quar-
ters is twice as large for Internet and entertainment uses as it is for
programmes and software uses. This is an important finding because
it gives support to the assumption that school use of digital media can
help to reduce the digital divide.

7. ICT familiarity matters for educational performance. Perform-
ance differences associated with the length of time students have
been using a computer remain once socio-economic background is
accounted for.

8. There is a stronger correlation between educational performance
and frequency of computer use at home than at school. In a large
majority of countries, the benefits of greater computer use tend to
be larger at home than at school. In every country, students report-
ing “rare” or “no use” of computers at home score lower than their
counterparts who report frequent use. Clearly, in the case of school
use, more computer use does not mean better results in subject-based
standardised tests such as PISA 2006.

9. With the right skills and background, more frequent computer
use can lead to better performance. The analysis of PISA data
shows that for educational performance, computer use amplifies a
student’s academic skills and competences. These competences are
closely related to the student’s background, and particularly to his/her
economic, cultural and social capital. Given the lack of such capital,
the benefits from more computer use would be limited.

10. The first digital divide has faded in schools but a second one is
emerging. In nearly every OECD country, all students attend schools
equipped with computers, 88% of which are connected to the Internet.
However, there is still a digital gap related to home access. In the light
of the results of this study, it can be concluded that the importance of
the digital divide in education goes beyond the issue of access to tech-
nology. A second form of digital divide has been identified between
those who have the necessary competences and skills to benefit from
computer use and those who do not. These competences and skills are
closely linked to students’ economic, cultural and social capital.
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Policy implications

1. Raise awareness among educators, parents and policy makers
of the consequences of increasing ICT familiarity. Policy makers
have to consider the educational implications of the changes brought
about by technology. First, students need technology and access
to digital media for learning purposes which current provision in
schools may not adequately meet. More importantly, education stand-
ards need to include the kind of skills and competences that can help
students become responsible and performing users of technology
and to develop the new competences required in today’s economy
and society which are enhanced by technology, in particular those
related to knowledge management. Teachers need a clear policy mes-
sage in this respect: public recognition that teachers are expected to
deal with these competences as a priority in their subject areas or
domains. This public recognition will require the inclusion of these
competences in national and international assessments. In a number
of respects, those responsible for teaching the new millennium
learners have to be able to guide them in their educational journey
through digital media. Teacher training, both initial and in-service, is
crucial for disseminating this key message and for equipping teach-
ers with the required competences. Parents also need to be aware of
these changes. In the light of the findings of this study, it is clear that
parents have a crucial responsibility to help their children develop
a responsible attitude to using digital media in a networked envi-
ronment. Their influence has to go beyond safety issues to include
approaching digital media critically to make the most of them. Public
policies can help to raise parental awareness in this respect.

2. Identify and foster the development of 21st century skills and
competences. Today’s labour force needs the skills and competences
that are required by a knowledge economy. Most of these are related
to knowledge management and include processes related to selec-
tion, acquisition, integration, analysis and sharing of knowledge in
socially networked environments. Not surprisingly, most of these
competences, if not all, are either supported or enhanced by ICT. For
young people, schools are the only place where such competences
and skills can be gained. Accordingly, governments should make
an effort to identify and conceptualise the required set of skills and
competences so as to incorporate them into the educational standards
that every student should be able to meet by the end of compulsory
schooling. Two requirements must be fulfilled. First, participation
of both economic and social institutions, ranging from companies to
higher education institutions, is critical. Second, this set of skills and
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competences must become the core of what teachers and schools care
about. This will only be achieved by incorporating them into national
education standards that are enforced and assessed by governments.

3. Address the second digital divide. Computer use can make a differ-
ence in educational performance if the student has the appropriate set
of competences, skills and attitudes. This is another powerful reason
for governments to engage in the identification of the 21st century
skills and competences, and for teachers and schools to consider the
importance of developing them in order to address this second digital
divide. Teachers and schools can make a difference for students who
lack the cultural and social capital that will allow them to benefit
from the use of digital media in a way that is significant for their
educational performance. If teachers and schools fail to acknowledge
this second digital divide, and act accordingly, they will reinforce its
emergence. It is important to realise that the fact that students appear
to be technologically “savvy” does not mean that they have devel-
oped the skills and competences that will make them responsible,
critical and creative users of technology.

4. Adopt holistic policy approaches to ICT in education. Besides
public investments, other factors could improve ICT use in schools.
An overall favourable environment, the inclusion of ICT in curricu-
lum design or strong leadership and commitment from teachers and
headmasters to implement ICT-rich teaching could also significantly
influence the use of ICT in schools. As this report shows, one of the
limitations of many educational ICT policies is that most countries
have not developed holistic policies for the educational use of ICT.
The current results suggest the value of critically evaluating current
policies and their results in order to develop complementary policies
that would maximise the effects of the deployed infrastructure.

5. Adapt school learning environments as computer ratios improve
and digital learning resources increase. Students should be able
to locate and use a computer at any time, according to the particular
needs of their individual and team assignments. Although there are
indications of innovative developments in this direction everywhere,
governments should provide the conditions for them to flourish and
should assess their effects. Two areas which deserve particular public
policy attention are computer ratios, particularly in the light of the
growing trend to introduce 1-to-1 computing arrangements, and the
availability of digital learning resources.

6. Promote greater computer use at school and experimental
research on its effects. An alternative explanation for the lack of cor-
relation between computer use at school and educational performance
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is that frequency of use is currently irrelevant. There are positive
gains from computer use at home because the frequency of use has
reached a critical level. According to the existing evidence, such a
level is far from the marginal one a student currently experiences
at school. Governments need to create the necessary incentives to
engage teachers in the exploration of the benefits of ICT in education.
But in so doing they should acknowledge that as responsible profes-
sionals teachers are particularly receptive to one powerful incentive:
the evidence of what works.

Finally, it should be stressed that data availability remains one of the
main handicaps for understanding the role of ICT in education. New data
could give a more nuanced picture of the availability and use of ICT and its
effects on educational attainment, the quality of the teaching and learning
process, and the development of the 21st century competences.

Reference

OECD (2006), Are Students Ready for a Technology-Rich World? What PISA
Studies Tell Us, OECD Publishing, Paris.
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Introduction

An increasingly technology-rich world is bound to have important implications
for education. Accordingly, OECD countries have undertaken significant invest-
ments to enhance the role of ICT in education. This raises the question of whether
investment in ICT for education is fulfilling expectations. PISA 2006 provides a
wealth of comparative data to start to answer this question and to shed light on
the availability and use of ICT and its benefits. The analysis of these data can also
help identify potential bottlenecks that may make it difficult to achieve the desired
effects and may, therefore, be of use for policy formulation.
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18 - INTRODUCTION

The importance of ICT-supported competences is increasing

As economies move towards more knowledge-intensive, information-rich
activities, information and communication technologies (ICT) have become
crucial to economic activity in most industrialised countries and an important
tool for facilitating innovation and economic growth throughout the economy.
It is recognised that extensive ICT use is economically positive, mainly
because it reinforces the acceleration of productivity gains. As a result, ICT
is gaining in importance in modern economies. According to the European
Union, around 20% of current jobs in Europe are in the ICT sector or require
ICT, and its importance in the overall European economy has doubled in the
last decade to reach 8% of gross domestic product (GDP).

Moreover, societies are evolving rapidly because of ICT, which have
facilitated new forms of communication via e-mail and SMS, new forms of
civil participation through blogs and Internet-based opinion platforms, and
new ways to communicate with public administrations.

This increasingly technology-rich world has profound implications for
education, and ICT may provide significant educational benefits. First, ICT
can provide tools for enriching the teaching and learning process by opening
new opportunities and avenues. In particular, ICT can enhance the customi-
sation of the educational process, adapting it to students’ particular needs.
Second, education’s role in preparing students for adult life means that it
must provide students with the skills needed in a society in which ICT-related
skills and competences are increasingly indispensable. The development of
these competences is becoming an integral part of the goals of compulsory
education. Finally, in a knowledge economy driven by ICT, people who do
not master these competences may suffer from a “digital divide” which can
affect their capacity to fully participate in the economy and society. It is the
role of education to bridge this divide.

Given these expected benefits, many countries have undertaken sig-
nificant investments to enhance the role of ICT in education. This raises the
question of whether ICT investment in education is fulfilling expectations.
PISA 2006 provides a wealth of comparative data to start to answer this ques-
tion and to shed light on the availability and use of ICT and its benefits. The
analysis of these data can also help identify potential bottlenecks that may
hinder achievement of the desired effects and may, therefore, be of use for
policy formulation.
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Methodological approach

This section describes how the sources of information on technology in
the PISA database are used and how the data were gathered and outlines the
contents of the different chapters of the report.

A reminder of PISA methodology and procedures

In 2006, PISA ran its third triennial survey of 15-year-old students to
assess their knowledge and skills. It was conducted in 57 countries, including
all 30 OECD member countries and 27 partner countries and economies. It
surveyed nationally representative samples of some 20 million 15-year-olds.
As in the past, all students of this age were included in the target population
regardless of the grade or type of institution they were enrolled in or whether
they were enrolled full-time or part-time. As a result, these students have had
different educational experiences, both within and outside schools.

PISA assesses the students’ performance in mathematics, reading and sci-
ence, as well as in cross-curricular problem-solving skills. In 2000, the major
domain was reading, in 2003 it was mathematics and in 2006 it was science.
The total assessment time was 390 minutes, divided into 60-minute tests for
reading, mathematics and problem-solving, and 210 minutes for science.

In addition to evaluating student performance, PISA collects valuable
contextual data on the characteristics of the students and the institutions in
which they study which may explain differences in performance. This infor-
mation includes data on gender and on socioeconomic background of both
students and their parents, the perceptions of schools and of how students
learn, and students’ motivations as well as their engagement and attitudes.

As on the previous two occasions, PISA 2006 also gave countries the
option to administer a short questionnaire on students’ familiarity with ICT.
This questionnaire made it possible to go into more detail on the subject of
student access to computers than the main questionnaire. The ICT question-
naire focused more on how familiar students were with computers than on
ICT in general. Students were asked how often they used computers and
where and how they learned to use computers and the Internet. They were
also asked about how confident they were in performing certain computer
tasks. As a result, a more nuanced picture of students’ access to, and use
of, ICT can be drawn for the 25 OECD countries and 14 partner countries
and economies that completed this questionnaire. The full questionnaire is
included in Annex D, and it is important to note that it includes the same
questions as were used in PISA 2003. CERI did not participate in the devel-
opment of this questionnaire, but it has provided input for the versions to be
used in 2009 and in 2012.
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To complement the information on ICT, an additional questionnaire was
sent to school principals about the use of ICT in their schools and the extent
to which a lack of ICT hinders instruction.

To sum up, PISA collects information on ICT using three different instru-
ments:

o Student questionnaire: Students in all participating countries answered
a 35-minute questionnaire that focused on their background, learning
habits and perceptions of the learning environment, as well as on their
engagement and motivation. As part of this questionnaire, students
answered questions about whether or not they had a home computer
to use for schoolwork, educational software, a link to the Internet and
a calculator.

*  School questionnaire: School principals completed a questionnaire
about their school which asked them for information on demographic
characteristics as well as for an assessment of the quality of the learn-
ing environment at school. As part of this questionnaire, principals
provided information on the availability of computers at their schools
and on whether or not their schools ran computer clubs for mathemat-
ics, as well as on their perceptions of the extent to which a lack of
computers, computer software, calculators and audiovisual resources
hindered instruction in their school.

o ICT familiarity questionnaire: Students in countries that administered
the ICT questionnaire took five minutes to complete an ICT familiar-
ity questionnaire regarding their access to and familiarity with ICT.
Students provided information on whether or not ICT was available
to them, how they used it, how confident they felt performing certain
tasks on a computer, and on their general attitude towards using com-
puters. Students also provided information on how they learned to use
computers and the Internet.

New approaches and analysis included in this study

This report presents results based on PISA 2006 and continues the work
initiated at the OECD in 2005 which presented an initial picture of the role
of ICT in education based on PISA 2003 data (OECD, 2006). It continues the
investigation of how equitable the access is to computers across countries,
how familiar students are with ICT, how often and where they use computers,
for how long they have been using them, how confident they feel, for which
tasks they use them and, finally, what the relation is between these character-
istics and students’ performance.
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In addition to these very important questions, the current report intro-
duces four new issues:

e Trends in ICT use and access. The value of PISA monitoring per-
formance is growing over time, and although it is not yet possible to
assess long-term trends, the current report presents the evolution of
different countries in terms of ICT access and use whenever possible.

e Student profiles of ICT use. Youngsters’ ICT use has often been
described in terms of stereotypes. The preconceptions of the “gaming
boy” and the “communicating girl” are widespread in the population.
This report gives a more nuanced picture which will help overcome
this oversimplified classification of 15-year-old students.

¢ A relation between ICT use and attitudes to science. ICT use may
mould students’ attitudes and make them more receptive to, and trig-
ger their interest in, subjects such as science. The relation between
ICT use and students’ attitudes towards science is explored.

e Microeconometric study of the role of ICT use on students’ per-
formance. The relation between ICT use and student performance
has generally been explored through association analyses which
cannot establish causality. In this report, new exploratory research
using econometric techniques attempts to shed more light on the
actual impact of ICT use on students’ educational performance.

The resulting report is organised in five chapters which aim to illumi-
nate: the policy debate on the importance of ICT for education (Chapter 1);
students’ ICT access (Chapter 2); students’ use of ICT (Chapter 3); the rela-
tion between ICT use and educational performance (Chapter 4); and policy
recommendations arising from the analysed data and the need for further
research (Chapter 5).

Reference

OECD (2006), Are Students Ready for a Technology-Rich World? What PISA
Studies Tell Us, OECD Publishing, Paris.
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Chapter 1

The policy debate about technology in education

There have been three main policy expectations regarding technology in educa-
tion. The first was that schools would equip students with the technical skills
required by an increasingly technology-pervaded economy. The second was that
schools would bridge the digital divide by providing students with universal access
to computers and the Internet during compulsory education. The third was that
technology would improve educational productivity by making teaching and learn-
ing more effective — improving learning outcomes by changing teaching and learn-
ing strategies. In some respects, it would seem that the initial policy expectations
have not been fulfilled, but a closer analysis shows the need to reframe them in
light of changing societal needs. In particular, the issue of the effects of technology
use on educational performance should be reviewed.
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Initial expectations about technology use in education under scrutiny

Almost three decades ago, policy makers began to implement policies
aimed at deploying technology in schools. At that time schools were seen as the
perfect place for students to gain the skills required to cope with what were, at
the time, “new” technologies. Soon after, policy makers fully subscribed to the
idea that there was enormous potential for technology to transform and mod-
ernise school education. For example, of the 51 chief state school officers in the
United States, 48 ranked the “use of technology in instruction” as the second
most important issue facing public education in 2000 and the most important
issue expected to face public education in the year 2020 (Morgan et al., 1998).
This called for a double commitment: on the one hand, to provide schools with
the tools necessary to equip students with the required skills in a technology-
rich world; on the other, to harness what was believed to be a revolutionary
potential to bring innovations and dramatic educational changes into class-
rooms. In addition, as inequalities in access to technology became apparent,
schools were expected to bridge this digital divide by granting universal access
and training to all students during compulsory education. Accordingly, invest-
ments were made first to address infrastructure and material requirements
along with in-service teacher training needs and, more recently, to focus on
the production and use of digital learning content and the required broadband
capability to fully benefit from it.

Although little is known about the size and intensity of the investments
made in this domain, there are clear indications that the basic conditions for
the creation of a propitious environment for the use of technology in schools
have been in place for a long time. By 1999 the limited available data on
trends in technology investment and use (technology spending, schools con-
nected to the Internet) showed sharp increases (OECD, 1999). In 2003, more
robust data from PISA confirmed exponential growth in the presence of tech-
nology in education (OECD, 2006). Between 2000 and 2003 students-per-
computer ratios dropped by more than half in most countries and even more
in those that were lagging. While less than a third of secondary schools had
Internet access in 1995, it was virtually universal by 2001. This is currently
the case for broadband connectivity in a growing number of OECD countries.

Yet, at the turn of the century and with the bursting of the Internet bubble,
policy makers had to adjust their expectations. As they could not see schools
and teachers adopting technology at the desired pace and with the expected
intensity or clear-cut evidence of the expected benefits, a certain uneasiness, if
not scepticism, began to appear. As a result, in many OECD countries, incor-
poration of technology in education has lost its status as a policy priority even
though, for certain political reasons, investments have not ceased. In many
respects, the principle of “build it and they will come” seems to have been
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adopted, and education systems keep investing in technology in the belief that,
sooner or later, schools and teachers will adopt it and benefit from it.

Nevertheless, many policy makers seem disappointed by what appear to
be the unfulfilled promises of technology in education, not only in OECD
countries (Benavides and Pedro, 2007). Therefore, it is worth asking what
the initial expectations were and whether or not the current disappointment
is supported by the evidence.

As mentioned, there were three main initial expectations regarding the
incorporation of technology in education. The first was that schools would
equip students with the technical skills required by an increasingly technology-
pervaded economy. The second was that schools would bridge the digital divide
by providing students with universal access to computers and the Internet during
compulsory education. The third was that technology would improve educational
productivity by making teaching and learning more effective — improving learning
outcomes by changing teaching and learning strategies.

First expectation: learning to use technology

The first expectation was based on the assumption that users should learn
how to use applications and even languages that, in the early 1980s, were not
easy to master or cheap to buy. However, applications increasingly evolved,
incorporating user-friendly interfaces, and equipment and application costs
decreased enormously, thus paving the way for universal access at home.

Already in 2003 PISA data showed that in most OECD countries a
majority of students had acquired the technical skills required to manage
computers and the Internet outside of school and without any external support
— mostly by trial and error (OECD, 2006). As access to computers at home
generalises, most students now possess the basic skills required to manage
technological devices such as computers (but also an ever-increasing range of
digital devices, ranging from cellular phones to videogame consoles) and the
corresponding services and applications. They easily adopt emerging devices
and applications that capture their interest or respond well to their needs. The
PISA findings presented here clearly support this.

Therefore one of the main expectations is no longer relevant, at least
as it was formulated in the early 1980s. Schools are not expected to teach
students how to use computers because children learn this by themselves.
Accordingly, many policy makers would say that the first expectation was
not met by schools but, in many respects, was achieved by a change in the
environment.

However, there is a big difference between technically mastering a device
or service and using it effectively. When it comes to education, the point is
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no longer how to use a computer, but what to use it for. Education, or the lack
thereof, can make a big difference when it comes to wise, safe and respon-
sible use of technology. Accordingly, the question of what it means to learn
how to use a technology has to be reconsidered.

Second expectation: struggling with the digital divide

The second expectation was that schools would be a means of countering
the digital divide. The digital divide was defined as the difference between
those who had access to the technology and those who did not. Even if dif-
ferences in digital access still persist, it is increasingly apparent that in most
OECD countries facilities for the use of technology are more pervasive in
homes than in schools. In fact, there is evidence that homes with children are
more likely to have computers and Internet access than those without (OECD,
2008).

Recent data (included in this report) show that in the short term access
to computers may no longer be an issue for most, if not all, 15-year olds in
OECD countries. A saturation point, with roughly 100% of students having
home access to a computer, is likely to be reached some time in the next
decade or even early in the decade in some Nordic countries. However,
the access divide still exists for the Internet although it too is decreasing.
Youngsters” demand for Internet access, particularly through broadband, is
likely to increase in the coming years to allow them to benefit from social
and Web 2.0 applications as well as from future developments such as the
so-called “Internet of Things”.

Figure 1.1 provides an indication of the percentage of 15-year-olds who
declare being frequent users of a computer at home. The figure suggests that
there is a clear correlation between this percentage and broadband access to
the Internet at home in most OECD countries. This is clearly an indication
that quality Internet access may be a driver of computer use by 15-year-olds,
but also that teenagers may drive adoption of quality Internet access.

In any case, the digital access divide has been narrowing steadily, and
schools are no longer seen as the main source of access for the vast major-
ity of students. Even if schools play a role in countries or areas where home
access to technology is lagging, they are hardly considered the main means
of reducing the digital divide. Instead, technology and market developments,
coupled with some government plans, are seen to play that role. However,
new forms of the digital divide related to alternative uses of technology may
be emerging, and education will be expected to cope with them.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



1. THE POLICY DEBATE ABOUT TECHNOLOGY IN EDUCATION — 27

Figure 1.1. Percentage of homes with broadband subscriptions and of 15-year-olds
declaring frequent use of a computer at home
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Note: Data presented only for OECD countries that used the ICT Familiarity Questionnaire in PISA 2006.
Source: OECD Information Technology Outlook (2008) and PISA 2006 Database.

Third expectation: improving educational performance

The third expectation, which involves the efficiency of teaching and
learning and the productivity gains attached to technology use in educa-
tion, is the most problematic of the three. At the outset, it was believed that
technology could boost educational performance (Rowe, 1998). Teachers and
schools would be able to better manage student records and files and better
monitor students’ individual progress. Students themselves would benefit
directly from technology-supported teaching and learning; this would also
significantly improve their educational performance while increasing their
engagement, particularly that of low performers (OECD, 1999). In addition,
technology would allow room to personalise learning and increase learning
opportunities for a vast range of students with special education needs. In
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sum, the question was: would the cost of the technology, and the human effort
needed to learn to use it effectively, be offset by the increases in educational
outputs? (Massy and Wilger, 1998) The expectation was that the investments
made in technology would be exceeded by the superior results attained.
Technology would pay off.

Formulated in this way, this expectation was well received by the finance
authorities — those in a position to commit the necessary investments. In the
public interest, the return to such investments should be evaluated against
alternative policy options. Although some public accountability of the results
obtained would be expected, technology expenditure in education has gone
relatively unnoticed and unstudied (Peslak, 2005).

Why is this issue so confusing?

Today policy makers are left with a complex picture which is far from
clear, convincing or even inspiring for policy action. It is the result of a
number of problematic issues, namely, the lack of relevant data, the low rate
of adoption of technology by schools, the myriad of approaches adopted
in educational research in this domain, and the conceptualisation of the
expected productivity gains.

To begin with, there is a lack of internationally comparable indicators on
technology adoption in schools, and those that exist are clearly insufficient
or ill-defined. Available indicators focus mostly on access, as measured for
instance by the average number of computers per 100 students or the per-
centage of schools with broadband connectivity. Many of these indicators
were created to monitor the expansion of the equipment base and the deploy-
ment of infrastructures but, in the absence of other relevant data, some have
become problematic. As an example, the most widely used indicator, the ratio
of students to computers, does not take into account the age of the equipment,
although this would affect possibilities to perform activities such as stream-
ing videos.

Consequently, not only do the indicators for access to technology in
schools need to be refined, new ones dealing with processes (such as avail-
ability of technical and pedagogical support) and outcomes (such as uses
attached to technology or applications or time of use) have to be developed.
For the time being, this lack of critical information makes any serious attempt
at comparative policy analysis extremely difficult. Whatever policy lessons
from peer learning that might eventually result are therefore lost.

Second, there are clear indications that the pace of technology adop-
tion is slower than expected or, in other words, that the pace of technology
adoption by teachers is slower than in other sectors or even at home. It could
reasonably be expected that in countries where technology adoption is
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faster, schools would follow. Accordingly, in countries where, for instance,
a high percentage of 15-year-olds are already frequent users of computers at
home, schools would also show high rates of computer use. This is not what
Figure 1.2 indicates. It clearly shows that there is no relation between frequent
computer use at home and at school by 15-year-olds. Home use does not act
as a driver for school use.

From a different perspective, Figure 1.3 demonstrates that the frequency
of computer use in lower secondary schools is related neither to the ratio of
students to computers, nor to broadband connectivity in schools. In other
words, countries’ efforts to provide quality Internet access and to increase
the availability of computers do not seem related to the frequency of use of
computers in schools. Some OECD countries, such as the Nordic countries,

Figure 1.2. Percentage of 15-year-olds declaring frequent use of a computer
at home and at school
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have good infrastructure, but this does not imply that frequency of use is
higher than in other countries where such conditions are far from being met.
The main factor explaining frequency of use is to be found in the professional
thinking and motivation of teachers. This is obviously a challenge for teacher
training institutions and more precisely for those responsible for initial
teacher training. Clearly, the installed base of equipment and connectivity
infrastructure in schools remains underutilised.

Under these circumstances there is not much gain in productivity at the
system level. To observe significant changes, either in processes or outcomes,
a critical threshold of use has to be passed. If, as seems to be the case in
European Union countries (Empirica, 2006), the average use of computers in
the classroom is around one hour per week, hardly any effect can be expected.

Figure 1.3. Are ratios of students per computer and broadband access drivers of
computer use in schools?
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This is not to say that there are no impressive developments, but they
tend to be discrete, isolated, not scaled up, and without systemic effect. In
education, as in many other sectors, technology is expected to act as a driver
of innovation. There is in fact a wealth of literature presenting impressive
accounts of technology-based innovations in schools and classrooms that
seem to work. Many are the result of significant funding efforts by public
authorities, foundations or even firms, which are always matched, if not
surpassed, by teachers’ own efforts. How educational innovations — of which
those spurred by technology are one particular case — are monitored, assessed
and eventually scaled up seems to be a real issue in most OECD systems.
The role of educational research in building a coherent and easily accessi-
ble knowledge base about what works in technology in education and why
still remains ill-defined. Without the capacity to draw lessons from specific
innovations, school systems may be losing serious opportunities to promote
technology-supported educational innovation in a systemic way.

Third, educational research has brought to this debate many different
approaches and methodologies whose results are not easily reconcilable. This
has rendered more complex the simple question of whether technology use
improves educational performance or not. Boxes 1.1 and 1.2 provide an over-
view of the main findings of empirical experiments and observational studies
and illustrate this complexity.

In discussing how to interpret the results observed, two extreme positions
quickly emerge. On the one hand, there are those who claim that the expec-
tation that technology use would improve educational results should have
never been raised. Their argument is that the main benefits of technology in
education are not to be found in a productivity analysis focused on academic
results, but in a complex combination of educational effects, the nature of
which is not subject to objective evaluation. On the other hand, some argue
that the issue of whether technology adoption in education is worth the
investment can only be duly addressed with an analysis of the cost-efficiency
of particular experiments or innovations.

In short, not only policy makers but also teachers and parents may find it
difficult to see why technology is important for teaching and learning. They
are left with the idea that there is no conclusive evidence or, in the best case
scenario, no significant difference between using and not using technology.
Some take this as an assertion that at least technology does not cause any
harm to students.
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Box 1.1. Empirical experiments about the effectiveness of
technology in the classroom

Experiments can only attempt to determine how effective technologies are in
teaching specific school subjects, owing to the multitude of compartmentalised
methodologies to be found in a single school and even in different groups of
students studying the same subject with different teachers. Consequently, the
experiments designed so far compare the educational attainment of a group of
students taught using a technology-rich teaching methodology with the achieve-
ments of another group with similar characteristics taught using traditional
methods. The preferred subject for this type of analysis is usually maths.

There is a generalised belief that the “no significant difference” phenomenon,
documented on many occasions in the case of distance learning, is also veri-
fied in school education. Thus, there is insufficient evidence to affirm either the
superiority or the inferiority of technology-rich methodologies. This would seem
to be the conclusion of two systematic literature reviews conducted recently, one
of which concludes that “in general and despite thousands of studies about the
impact of technology use on student attainment, it is difficult to measure and
remains reasonably open to debate” (Infodev, 2005). The other concludes that
“some studies reveal a positive correlation between the availability of computer
access or computer use and attainment, others reveal a negative correlation, whilst
yet others indicate no correlation whatsoever between the two” (Kozma, 2006).

However, an in-depth analysis of the available knowledge base shows that school
attainment only improves if certain pedagogical conditions are met. This is the
conclusion reached by Kulik (2003), who used the measurement of the effects
found by eight different meta-analyses covering 335 studies before 1990 and
61 controlled experiments whose outcomes were published after 1990. Most of
the studies carried out in the 1990s concluded that stimulation programmes have
positive effects when used to enhance reading and writing capabilities and that,
albeit less frequently, they have a clearly positive effect on maths and natural and
social sciences. Indeed, “simply giving students greater access to both comput-
ers and Internet resources often results in improved writing skills”. The assess-
ments of primary school pupils using tutorials to improve their writing improved
significantly. Even very young primary school pupils who used computers to
write stories improved their marks in reading. In short, there is a positive correla-
tion between the frequent use of word processors and improved writing-related
capabilities.

One must, however, wonder to what extent these proven improvements stem
from the use of technologies or simply from a greater degree of practice in the
skills being assessed.
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Box 1.2. Correlation studies of the effects of technology in the
classroom

Studies of this sort attempt to demonstrate correlation between technology use
and educational attainment. Although in some respects they are perhaps not as
relevant as empirical experiments, they are useful insofar as they can enlarge the
perspective adopted and focus attention on the right questions. Consequently, the
aim is to determine whether any sort of association can be found before proceed-
ing with research into how this association works, using empirical experiments
whenever possible.

Analysing the studies conducted to date again suggests that there is no consistent
relation between technology availability and use, on the one hand, and educa-
tional attainment, on the other. Examples of studies of technology use in teaching
maths, to name but a few, include some that establish a positive correlation (Cox
et al., 2003; National Center for Educational Statistics, 2001; Wenglinsky, 1998).
Others demonstrate the opposite (Angrist and Lavy, 2002; Pelgrum and Plomp,
2002). It is even possible to find references (Ungerleider and Burns, 2003) to a
certain number of investigations demonstrating that the more computers are used
in the classroom, the worse the academic achievement. From an econometric
perspective, according to Machin, McNally and Silva (2007), only one study
has shown evidence of a positive causal relationship between computers (and/or
computer software) and student performance.

The same inconsistency occurs in the analysis of the relation between the use
of computers at home and academic attainment. Once again, some studies show
a highly positive correlation (Harrison et al., 2003; Ravitz, Mergendoller and
Rush, 2003), while others conclude the opposite (Wenglinsky, 1998), including a
comparative study of 31 countries based on PISA data (Fuchs and Woessmann,
2004). More recent studies (Kuhlemeier and Hemker, 2007) seem to suggest that
a closer look is required, with far more emphasis on the applications and uses of
computers than on the mere availability of technology.

The educational productivity paradox

Behind this never-ending discussion there lies a revisited version of the
productivity paradox. The classic productivity paradox was formulated to
describe the lack of relation between the adoption of a new technology and
productivity gains in a business or industry context. As Robert Solow (1987)
put it, “you can see the computer age everywhere but in the productivity sta-
tistics”. A number of studies carried out in the 1990s found it difficult, if not
impossible, to discern, in aggregate economic performance data, the produc-
tivity gains expected from massive investments in technology (Brynjolfsson,
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1993; Landauer, 1995; Triplett, 1999). The paradox was explained in part
by the fact that the investment took time to be fully applied and exploited
because there were lags in investment in the skills of workers, the structure
of work and organisations, and business strategies. It was thus concluded
that much of the payoff of investments in technology would come, not from
performing the same functions more efficiently, but by performing new func-
tions that often reflected transformations in processes.

In short, what is expected to follow the adoption of a new technology and
justifies the corresponding investment is the expectation of an increase in
productivity. But what actually happens is that if a new technology is adopted
in a context in which processes are not changed, technology may be found to
be useless, if not obtrusive, and may in many cases even lead to a decrease
in productivity.

In education, the productivity paradox becomes the educational productiv-
ity paradox (Peslak, 2005) or, more recently, the student productivity paradox
(Hikmet, Taylor and Davis, 2008). The point is that, in education, technology
is a tool that can be used for a variety of purposes. Whether the adoption of
technology is linked or not to educational performance will depend on the
improvements associated with changes in methodology, which require appro-
priate technical and pedagogical support. If the methodology remains the same
as before the introduction of technology, as is often the case when teachers
adopt technology in order to perfect what they were already doing, expectations
are low. If, in addition, the intensity of use is low, the amount of preparation
time and effort may not be compensated by the educational benefits obtained.

Redefining the question

The right question, therefore, is not which new technology leads to
increased productivity, but which new technology-supported methodologies
improve student performance over traditional ones and what other factors
intervene. Previous efforts have been made to investigate explicit relation-
ships among technology, instructional strategy, psychological processes and
contextual factors, for instance by Alavi and Leidner (2001). The almost
infinite array of methodological possibilities makes this kind of investigation
extremely difficult, but it is not impossible provided that sufficient effort is
devoted to the accumulation and dissemination of the resulting knowledge
base. This is a major task not only for educational research but also for teacher
training institutions, which should contribute to the dissemination of the
results obtained. Such a task might appear overwhelming, particularly as the
technological frontier is constantly changing. However, it is worth the effort.

Some of the pieces already available of such a knowledge base are well
known, but the resulting landscape is still fragmentary. For instance, two
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examples of existing research-based knowledge are that the adoption of tech-
nology in the classroom increases the motivation and level of engagement of
students in the classroom and, as a previous PISA report (see Box 1.3) and
this report demonstrate, that home use of technology by 15-year-olds is linked
to educational performance. However, these and other similar pieces are not
enough to address the knowledge needs of policy makers who could benefit
from clear messages based on empirical research.

Box 1.3. Technology use and educational performance in PISA 2003

Analysis of the PISA results (2003) helped clarify the circumstances under
which conclusive statements can be made about the correlation between technol-
ogy use and educational attainment. In more than one respect, PISA shows that
this relationship is extremely complex. Consequently, it is hardly surprising that
complexity is mistaken for inconsistency.

Indeed, the analysis of PISA reveals that there is a weak but generally positive
relation between the use of technology at school and academic attainment.
Nonetheless, the conclusions must be approached cautiously. A clear correlation
can be established in four respects:

*  Access: most students who still have limited technology access obtained
below-average PISA results.

»  Previous experience: the lower the experience with technology use, the
lower the PISA result. Students with less than a year’s experience were
capable of only the simplest maths exercises.

*  Frequency of use: the supposition that more frequent use produces better
results is not verified in all countries. An in-depth analysis shows that
students with moderate technology use have the best results.

» Confidence level: students who are less confident in their ability to carry
out daily tasks on a computer or the Internet also had worse results than
more confident students.

What is equally or more interesting than these correlations are the conclusions
that can be drawn from technology use at home and educational attainment,
also on the basis of the PISA database (2003). Probably the most important
conclusion is that the correlation is stronger between home use and academic
attainment than between school use and academic attainment in most countries,
even when allowing for the effects of different socio-economic contexts. In
particular, students who do not have access to a computer at home tend to be
lower achievers than the others. It also seems to be the case that students using
computers at home less often had below-average results.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



36 - 1. THE POLICY DEBATE ABOUT TECHNOLOGY IN EDUCATION

There is a need to reframe the policy debate about technology in
education

As has been shown, initial policy expectations regarding technology in edu-
cation, as formulated years ago, are no longer current. Technology has contrib-
uted to important contextual changes in education, and as a result, those initial
expectations have to be reconsidered. Students and societal needs have evolved
dramatically and require fine-tuned policy approaches. In particular, and owing
to the lack of an appropriate empirical approach and meaningful comparative
indicators, the much debated issue of the effectiveness of technology in educa-
tion remains open. Not surprisingly, the common wisdom among many policy
makers is that there is nothing to indicate that, at a system level, the adoption
of technology in the classroom comes close to fulfilling the potential that justi-
fied so much of the corresponding investment. Does this mean that investments
in technology in education are not worthwhile? Is it only the maintenance of
existing technology assets, coupled with vendor pressure, that justifies current
policies? Certainly not.

Research on technology use and educational performance, in particular
as shown in this report, makes it clear that the emergence of new educational
needs calls for tailored educational policies. This implies a new framework
for the policy debate about technology in education. Policy makers have to be
aware of the systemic requirements for sustainable change, i.e. the necessary
links between curriculum development, teacher training and assessment. What
then are these emerging needs and the corresponding policy discussions?

For the most part, the new millennium learners live, like adults, in envi-
ronments in which technology plays a crucial role. There is no reason why
schools should be excluded from this world. Rather, schools could be expected
to be leaders in this technology-rich world or at least to be pervaded by tech-
nology in ways that help students to better understand and benefit from the
opportunities offered by a networked society and economy.

Although most students go to school already equipped with technical
skills, this does not make them mature technology users. Even if it is acknowl-
edged that the new generations are appear to be technologically “savvy”, as
reflected in the term new millennium learners, this does not automatically
make them better or more effective learners. Moreover, in the absence of
educational attention, students cannot develop the competencies required to
enhance their education by implementing these technical skills on their own.

Not all students are equally new millennium learners. As the digital access
gap narrows, a new form of divide seems to be emerging: the digital use divide.
This far more subtle divide has to do with the different uses of technology and
the associated benefits, which are determined by socio-economic status and
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education. Education should actively engage in the struggle against this new
form of digital divide.

There is an even greater need to sustain technology-supported educa-
tional innovation in ways that contribute to making schools better suited to
the needs and work of a networked society. To do this effectively is not just a
matter of financing, but even more of monitoring and assessing what works
in education and disseminating this information in ways that are meaningful
to teachers and suitable for scaling up. The pending issue of how technology
use relates to educational performance can be explored using PISA data and
will be done more in the future, but empirical research and experiments will
also have to be carried out as to build a useful knowledge base.
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Chapter 2

Students’ access to information and
communication technologies

The analysis of students’ access to ICT takes a multidimensional approach to access
to ICT resources to look not only at physical access but also at students’ opportuni-
ties to use ICT resources for educational purposes at home and at school, across
and within the countries. While OECD countries have made significant progress in
physical access to computers at home and at school, more efforts should be made to
enrich the educational opportunities offered by ICT resources in particular regard-
ing access to the Internet and to quality digital learning resources.
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The evolving meaning of students’ access to ICT

The notion of access to ICTs has evolved in the past years. Initially it was
understood as making physical or technical ICT resources (e.g. computers,
Internet connection, computer software) available to all citizens or to groups
of people considered as a national policy priority (e.g. students). In this sense,
it was defined as a binary concept: the “have” and “have-nots” of different
groups regarding certain digital resources. Very useful quantitative data have
emerged from this approach and provide a general comparative picture of the
situation and evolution of countries and groups within countries in terms of
the formal provision of information technologies in homes and other places.
In the educational field this is commonly expressed in terms of data, such
as percentages of schools or students with access to certain ICT resources,
number of students per computer, and total numbers of ICT resources in
schools available for teachers and students. This is also the source of the
definition of the digital divide as the gap between those who have physical
access to ICT and those who do not.

Over the years, and as understanding of the requirements and implica-
tions of the knowledge society increases, this binary concept has become
more complex. New dimensions have been added which relate to the context
or conditions of ICT access (Selwyn, 2004). These conditions are important
because they determine or mediate the “quality” of access. For example, for
a student, it is very different to work on a research project at home with a
personal computer with broadband Internet connection and no time restric-
tions or to work on the same project in a school computer lab with a dial-up
Internet connection and restricted schedules of use. As this example shows,
place of access for doing schoolwork, time constraints, quality of the tech-
nology and privacy conditions can be very dissimilar. Consequently, the
notion of access is now multidimensional and includes not only quantitative
(e.g. number of computers in schools) but also qualitative aspects (e.g. access
to computers for educational use). This leads to a more complex concept of
the digital divide, which concerns not only the gap between groups in terms
of technical or physical access but also in terms of the conditions or opportu-
nities of access. Therefore, the OECD defines the digital divide as “the gap
between individuals, households, businesses and geographic areas at different
socio-economic levels with regard to both their opportunities to access infor-
mation and communication technology (ICT) and to their use of the Internet
for a wide variety of activities.” (OECD, 2001, p. 8)

The following analysis therefore takes a multidimensional approach to
access to ICT resources, looking not only at physical access but also students’
opportunities to use ICT resources with educational purposes at home and at
school, across and within the countries participating in the survey.
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Access to ICT resources

The physical access of 15-year-old students to ICT resources is analysed
in terms of three main indicators: first, if students have ever used computers;
second, if students have used computers, for how long; and third, by numbers
of computers per student at school. Access to an Internet connection is also
very important, and this is analysed as part of students’ opportunities to use
ICT for educational purposes. Although the 2006 PISA ICT questionnaire
did not ask students the purpose of their use of the Internet, access to the
Internet will be considered here as an ICT resource relevant for educational
use because an Internet connection opens the door to an enormous amount of
digital resources, many of them relevant for learning.

It is important to bear in mind that the values presented' are not real
values, but the most plausible values. Therefore, comparisons between coun-
tries must be interpreted with caution.

Have students ever used computers?

As noted above, the presence of a computer at home, in the public library
or in the school computer lab does not say enough about students’ actual
access to ICT resources. Thus, a first aspect of physical access is whether
students have ever used computers. In most countries, all but a very small
minority have used them by the time they are 15 years old (Figure 2.1). Only
in 15 of the 40 countries surveyed, do more than 1% say that they have never
used a computer: only in one OECD country, Turkey; with 6.6%, and two
partner countries, Qatar, 5.1% and the Russian Federation, 6%, is this figure
above 5% (Annex A, Table A.1). Compared to PISA 2003, most of the coun-
tries that participated in both surveys roughly maintained the same percent-
age — below 1 percentage point of difference between the two years.

To what extent is gender related to students ever using a computer?

In most countries, there were no significant gender differences in the
percentages of students who had never used a computer. However, as in
PISA 2003, the percentage of female students who had never used a compu-
ter in Turkey was more than double that of male students, at 10% and 4%,
respectively. It is noteworthy that with this exception, in all cases where the
difference between males and females is greater than 1 percentage point, the
difference favours women (fewer females than males have never used a com-
puter) (Annex A, Table A.1).
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Figure 2.1. How universal is computer access?

Number of OECD countries by percentage of students who have used and have access to computers
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computers at school
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Note: 24 countries answered the first question and 29 the second.

Source: OECD PISA 2006 database.

To what extent do students who have never used a computer come
from disadvantaged backgrounds?

In most countries, among students who have never used a computer,
there are no significant differences in terms of PISA’s index of economic,
social and cultural status (ESCS). That is, students in the bottom quarter of
PISA’s ESCS index are not much more likely to have never used a computer
than those in the top quarter. However, in one OECD country and six partner
countries there is a difference of more than 5 percentage points between the
bottom and the top quarter. In Turkey, there is a difference of 12 percent-
age points, and in partner countries the differences are as follows: Bulgaria
(10 percentage points), Colombia (5 percentage points), Jordan (7 percentage
points), Qatar (8 percentage points), the Russian Federation (9 percentage
points) and Serbia (11 percentage points).

Among students who have used a computer, for how long have they
used them?

A second aspect relevant to physical access to computers is how long
students have used a computer. As discussed in the PISA 2003 ICT report,
this is relevant partly because students who first use computers in their mid-
teens are less likely to be comfortable using them than those whose experi-
ence dates from their primary or early secondary school years. However,
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there is evidence showing that more experience (i.e. more practice) using
technologies is positively related to the acquisition of digital skills and
to confidence using these tools. Figure 2.2 shows that in 18 of the OECD
countries and in two partner countries a majority of 15-year-old students
have at least five years’ experience with computers, that is, since primary
education. In the other surveyed countries, 7 OECD countries and 13 partner
countries, a minority of students have used computers since primary educa-
tion. Nevertheless in all surveyed countries except Turkey and the Russian
Federation, the majority of students have at least three years of experience,
and thus started using computers at least when they entered secondary educa-
tion. The number of OECD countries with a majority of 15-year-old students
with at least five years’ experience with computers has increased since PISA
2003, when this was the case for only seven OECD countries. These compari-
sons should be interpreted with caution, as the participating countries were
not all the same in the two years. It should also be noted that there are big
disparities within some countries in terms of students’ years of experience,
particularly in partner countries.

Figure 2.2. Length of time students have been using a computer
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Source: OECD PISA 2006.
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ICT resources available at school

A third relevant aspect of students’ physical access to ICT resources is
whether they have access to computers at school and how many are avail-
able for them. The number of students per computer is very important, as
students’ experience with ICT partly depends on the number available to
them. PISA 2006 shows that the great majority of students have some access
to computers at school. According to principals’ responses to the PISA school
questionnaire in all OECD countries except Mexico, 100% of students are
in schools with at least one computer. In Mexico, this is the case for 98% of
students.

As for number of students per computer, Australia, Liechtenstein,
Norway and the United Kingdom have more or less three students per com-
puter. Austria, Canada, China, Denmark, Hong Kong (China), Hungary,
Iceland, Japan, Korea, Luxembourg, New Zealand, Switzerland and the
United States have more or less five students per computer. Belgium, Chinese
Taipei, Colombia, the Czech Republic, Finland, Germany, Greece, Ireland,
Israel, Italy, Qatar, Macao (China), the Netherlands, Slovenia, Spain and
Sweden, have more or less ten students per computer. In the rest of the coun-
tries there are more than ten students per computer (Figure 2.3a). In OECD
countries, the average is 0.19, very close to the average of 0.2 in PISA 2003,
and close to 0.1 higher than in PISA 2000 (Figure 2.3b).

As noted above, formal availability of computers at school does not say
enough about the actual opportunity to use computers. Therefore, it is also
relevant to analyse the percentage of students who declared that they never
used a computer at school. As Figure 2.4 shows, the OECD average for
students who declared they never used a computer at school is 12.06%. The
range is from 1% in Denmark to 41.8% in Korea.

Is gender related to never using a computer at school?

In most OECD countries there are no significant gender differences
among students who declared they never used a computer at school. On aver-
age among OECD countries, there is a difference of less than 1 percentage
point between females and males who declared never using a computer at
school (13.3% and 12.6%, respectively). In only three countries are gender
differences significant: Austria, where almost twice as many males as
females declared they never used a computer at school (8% and 4.3%, respec-
tively); Italy where the difference is 7.4% (26% and 18.6%, respectively); and
Greece where the difference is 12.7% (32% and 19.3%, respectively).
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Figure 2.3. ICT resources at school

Figure 2.3a. Number of computers per student
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Source: OECD PISA 2006 Database.

Figure 2.3b. OECD average of computers per student, years of PISA survey
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Source: OECD PISA 2006, PISA 2003 and PISA 2000 Databases.
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Figure 2.4. Percentage of students who declared never using a computer at school
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Access to ICT resources for educational use

As mentioned, access to ICT resources that are relevant for education
relies not only on the physical presence of ICT resources at home or at school
but also on the possibility for students to use them for schoolwork and other
educational purposes. This section presents evidence from the student and
school questionnaires from the 57 countries participating in PISA (not just
the 40 that took part in the extra ICT survey) on access to ICT resources for
educational use at home and at school.

To what extent can students’ home-based computers and other
resources be used for educational purposes?

Comparing the evolution and use of traditional and new ICT educational
resources is a way to study whether new technologies are complementing
traditional educational resources or whether some of them may be starting
to replace traditional ones. Figure 2.5 shows students’ responses to questions
about whether they had a computer they could use for schoolwork, educational
software, a link to the Internet and books to help with their schoolwork at
home, ordered by the percentage of students with a home computer to use for
schoolwork. Even though the item “a link to Internet” does not specify the
purpose of use, access to the Internet can represent a qualitative difference
in terms of educational resources, owing to the opportunities it affords for
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access to digital educational resources. Although word processing, educational
software and other programmes that are relevant for educational purposes can
be used on computers without access to the Internet, students without Internet
access are excluded from many resources available at educational portals as
well as the information available on the World Wide Web for research and
other educational activities. Even more, such students do not have the oppor-
tunity to develop the skills necessary for effective Internet use, which are
increasingly important for full participation in the knowledge society.

Computers were available at home for schoolwork for at least 95% of stu-
dents in 16 countries and for 98% in Denmark and Iceland. In most countries
surveyed at least 50% of students had computers for schoolwork at home.
The OECD average was 86.9% of students with access to computers for
homework at home, and at least 75% in most countries. The exceptions were
Greece (74%), Japan (62.5%), Mexico (42%) and Turkey (38.2%)).

Internet access at home is somewhat more limited. In half of the coun-
tries with at least 95% of students with a computer available for schoolwork
at home, at least 95% also had a link to the Internet. All except Liechtenstein
were OECD member countries. The OECD average was 76.4% of students
with Internet access at home, and at least 75% had this resource in 20 coun-
tries. In France, Italy and Spain the range was between 74.9% and 65% of
students; in Greece, Iceland, Poland and Portugal, it was between 64.9% and
50%; and in Mexico, the Slovak Republic and Turkey, a minority of students
had Internet access at home.

Based on PISA 2003 and PISA 2006 data, the average percentage of stu-
dents with access to a computer for schoolwork at home in OECD countries
increased over the period by 6.6 percentage points, while access to an Internet
connection at home increased by 11.8 percentage points. The largest increases
in access to a computer for schoolwork use at home were in Finland, France,
Ireland, Mexico, Spain and Turkey (7.1 to 10 percentage point increase);
the Czech Republic, Italy, Portugal and Turkey (10.1 to 15 percentage point
increase); Hungary, Japan, Poland and the Slovak Republic (15.1 to 20 percent-
age point increase); and Greece (21.2 percentage point increase). The largest
increases in access to an Internet connection at home were in Austria, Belgium,
Denmark, Germany, Ireland, Japan and Switzerland (12.1 to 15 percentage point
increase); the Czech Republic, Finland, France, Greece, Poland, and Spain (15.1
to 20 percentage point increase); the Slovak Republic (22.8 percentage point
increase); and Hungary (24.7 percentage point increase). Comparisons of partner
countries are more difficult because only a minority participated in both years.
Nevertheless, two cases stand out: in Latvia access to a computer for school-
work at home increased by 28.7 percentage points and Internet access at home
increased by 35.9 percentage points; in Serbia the corresponding increases were
33.9 percentage points and 25.7 percentage points (Annex A, Table A.2).
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Comparisons between educational resources at home

In most OECD countries there is a difference of less than 5 percent-
age points between the percentage of students with access to computers for
schoolwork and the percentage of students with a link to the Internet. In
Ireland, Luxembourg and Germany and in partner countries Bulgaria and
Israel, the difference is between 5 and 10 percentage points; in Austria, Italy,
Mexico and Turkey, it is between 10 and 20 percentage points. Japan is an
interesting exception in that 12% more students have access to the Internet
at home than have access to computers for schoolwork, which suggests that a
significant percentage of students with computers at home with a link to the
Internet do not use them for schoolwork.

Figure 2.5a shows how many students have books to help with their
schoolwork at home. In 54 out of 57 countries, at least three-quarters of
students report having this resource. The percentage of students who report
having books to help with their schoolwork at home range between 62% and
97% across OECD countries in PISA 2006 (compared to 42% et 92% for
PISA 2003). The range is smaller than for the percentage of students who
report having computers at home to use for schoolwork, between 38% and
98% in PISA 2006 (compared to 23% and 97% in PISA 2003).

Comparing the number of students with computers and a link to the
Internet with those who have books to help with their schoolwork at home,
the balance in the availability of these resources differs across countries.
In countries where over 90% have computers for this purpose, fewer have
books. In countries where fewer than 90% of students have computers, more
have books than computers, with the exception of the United States and of
partner economies Chinese Taipei, Montenegro and Qatar. As Figure 2.5a
shows, the distance between the percentage of students having books and the
percentage of students having computers for schoolwork generally increases
as access to computers for schoolwork decreases. A similar tendency is
observed when comparing books for schoolwork and a link to the Internet
at home.

Finally, Figure 2.5a also shows that, in general, books for schoolwork
are relatively more present than educational software in students’ homes.
In all countries, a higher percentage of students have books for schoolwork
than educational software. As in the case of computers for schoolwork, the
distance between the percentage of students who have books for schoolwork
and the percentage of students with educational software at home increases as
access to educational software decreases, except in Jordan and Montenegro.
In addition, of the four ICT resources, the smallest percentage of students had
access to educational software at home in most countries. Nevertheless, over
70% have this resource in Australia, Canada, the Netherlands and the United
Kingdom, and over 85% in Israel. Finally, in countries where the minority of
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Figure 2.5. ICT and educational resources at home

Figure 2.5a. Percentage of students with access to ICT and educational resources at home
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Figure 2.5b. Percentage of students with access to educational resources at home
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students have Internet access at home, educational software was relatively
more important (i.e. a relatively higher percentage of students had educational
software than an Internet connection at home); the only exceptions are Brazil
and Azerbaijan.

A comparison with data from PISA 2003 for OECD countries shows that
on average the percentage of students with access to computers for school-
work increased by 6 percentage points, with a link to the Internet increased
by 11.8 percentage points, with educational software byl0.3 percentage points
and with books for schoolwork by 7.6 percentage points (Figure 2.5b).

To what extent does access to ICT and to other educational resources
at home depend on the students’ socio-economic background?

Among OECD countries differences between students in the top and
bottom quarters of the PISA index of ESCS, in terms of how likely they are
to have computers for use with schoolwork decreased from 36% in PISA 2003
to 25% in PISA 2006. In PISA 2003 an average of 94% of students with the
most favourable socio-economic background reported having this resource,
but only 58% of students with the least favourable background. In PISA 2006
an average of 97% of students with the most favourable socio-economic back-
ground reported having this resource and 72% in the bottom socio-economic
quarter. The OECD countries with the biggest differences between the top
and bottom quarters in PISA 2006 were Mexico (80 percentage points) and
Turkey (69 percentage points). The majority of partner countries (21 out
of 27) have more than 25 percentage points of difference between the top
and the bottom quarter. The exceptions by ranking order are Israel (22%),
Chinese Taipei (14%), Macao, China (11%), Slovenia (8%), Indonesia (6%)
and Liechtenstein (no difference) (Annex A, Table A.3).

For educational software, the differences are relatively marked in many
OECD countries: on average, a student in the top socio-economic quarter is
twice as likely as a student in the bottom quarter to have educational software.
The distance has decreased since PISA 2003 when a student from the top socio-
economic quarter was three times as likely to have this resource as a student
from the bottom quarter. For a link to the Internet, the difference is also quite
large in many OECD countries: on average there is a difference of 35.5 percent-
age points between the top and the bottom socio-economic quarter.

For books to help with schoolwork, the difference by socio-economic
background is relatively small. On average in OECD countries the relation
between socio-economic background and the likelihood of having both books
and computers at home to help with schoolwork is quite similar: 75% of stu-
dents in the bottom quarter have books available at home, compared to 96%
in the top quarter; the figures are 72% and 97%, respectively, for computers.
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This is generally not the case however for partner countries, where the dif-
ference between students in the top and bottom socio-economic quarter with
books available at home is half the difference between the top and bottom
socio-economic quarter of students with computers available at home for
schoolwork (a difference of 23% and 47 percentage points, respectively).

Consequently, students’ socio-economic background still plays a strong role
in terms of access to educational resources at home, especially for those related
to ICT, although the differences are decreasing over time in OECD countries
thanks to the sharp increase in the access of students in the bottom quarter.

To what extent can students’ school-based computers be used for
educational purposes?

In all countries surveyed the majority of computers in schools are avail-
able for instruction. The differences among all countries surveyed are within
a relatively small range of 64% to 92%. Instead, as Figure 2.6 indicates, the
differences between countries in terms of the percentage of computers con-
nected to Internet ranges from 1.8% in Kyrgyzstan to 98% in Iceland. On
average among OECD countries, 88% of computers at schools are connected

Figure 2.6. Percentage of computers in schools connected to the Internet and
available for instruction
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to the Internet, a much higher level than in most partner countries. It is also
noteworthy that, with the exception of the Slovak Republic, when at least
80% of the computers in a school are connected to the Internet, the percent-
age available for instruction is somewhat smaller. When less than 80% of the
computers in a school are connected to the Internet, the percentage available
for instruction is much higher. This suggests that when a certain level of
access to computers connected to the Internet is achieved, uses at schools
might start to diversify.

To what extent does access to ICT resources at school depend on
socio-economic background?

On average, in OECD countries there is almost no correlation (-0.01)
between the socio-economic background of students and never using a
computer at school or with what schools’ principals report in terms of the
proportion of computers at their school available for instruction (-0.04) or
connected to the Internet (0.05). These results are interesting, as they sug-
gest that schools in OECD countries on average do not seem to discriminate
positively or negatively for students from lower ESCS (Annex A, Tables A .4a,
A.4b and A.6).

Figure 2.7. Percentage of 15-year-old students with an Internet connection at home and
percentage of households (HH) with Internet connection (2003 and 2006)
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To what extent does access to ICT resources depend on the school’s
location (rural locations and towns versus cities)?

In most countries there is no difference or only a small one in the number
of computers per student between schools in rural locations or towns and
schools in cities. In fact, for OECD countries the average is 0.2 computer per
student in schools in rural locations or towns as well as schools in cities. The
biggest differences (above 0.1) are in Austria (0.13) and Korea (0.14), where
schools in cities have more computers per student than rural locations and
towns, and Luxembourg (0.57), where it is the reverse (Annex A, Table A.5).

Figure 2.7 shows that in OECD countries access to the Internet at home
is generally higher for 15-year-old students than for households on average
in their countries, confirming once again that households with children have
higher percentages of ICT adoption. Nevertheless, as the figure and Table 2.1
indicate, OECD country households seem to be catching up, owing to the
more rapid rate of increase of Internet connections: between 2003 and 2006
the increase for households was 11.7 percentage points (a 28% increase),
while for 15-year-old students it was 12.1 percentage points (an 18% increase).
Additionally, although this does not account for causality, Figures 2.8a
and 2.8b show a high correlation (around 0.9) between countries’ households
and 15-year-old students’ access to the Internet in each of the two years.

How does the instructional environment related to ICT resources
and ICT-related activities vary between countries?

School principals’ perceptions offer another way to look at the condi-
tions of access to ICT resources for educational purposes. School principals
reported on whether the capacity of their schools to provide instruction was
hindered by a shortage or inadequacy of computers or computer software.
As stated in the PISA 2003 report, school principals’ subjective judgements
should be interpreted with caution, because cultural factors and expectations
may influence the degree to which principals consider shortages a problem.

The percentage of students in schools whose school heads reported that
instruction was hindered a lot or to some extent by a shortage of computers for
instruction varied from a small minority in some countries to a great majority in
others. In partner country Liechtenstein, no students are in such schools, and in
OECD countries Hungary, Japan and Switzerland and partner economies Chinese
Taipei and Macao, China 20% or fewer students are in such schools. However, at
least 76% of students are in schools whose principals have these concerns in part-
ner countries Azerbaijan, Brazil, Kyrgyzstan, Montenegro, the Russian Federation
and Tunisia. In most countries the percentage of students in schools whose princi-
pals reported that instruction was hindered a lot or to some extent by a shortage of
computers for instruction ranges from 21% to 70% (Figure 2.9).
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Figure 2.8a. Correlation between OECD country households and

15-year-old students’ access to the Internet at home (2003)
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Figure 2.8b. Correlation between OECD countries’ households and

15-year-old students’ access to the Internet at home (2006)
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Table 2.1. Percentage of 15-year-olds with an Internet connection at home and the
percentage of households (HH) with Internet access (2003 and 2006)

15-year-old 15-year-old HHincrease  Students increase

HH 2003 HH 2006 students 2003 students 2006 2003-06 2003-06

Turkey 70 7 14.4 24.6 07 10.1
Mexico 8.7 10.1 18.4 2818 14 49
Poland 14.0 35.9 34.2 51.3 21.9 17.1
Hungary 14.2 32.3 26.0 50.7 18.1 24.7
Czech Republic 14.8 29.3 491 66.4 14.5 174
Greece 16.3 231 35.3 53.4 6.8 18.1
Portugal 217 35.2 475 58.1 13.5 10.6
Slovak Republic 23.3 26.6 17.4 40.2 3.3 22.8
Spain 275 39.1 49.8 65.8 1.5 16.0
France 31.0 40.9 55.9 73.0 10.0 1741
Italy 321 40.0 62.4 72.2 79 9.9
Ireland 35.6 50.0 66.2 80.5 14.4 14.3
Austria 374 52.3 69.4 80.0 14.9 10.6
New Zealand 374 64.5 82.1 89.4 2741 73
Luxembourg 454 70.2 75.4 86.7 248 1.3
Finland 474 64.7 76.7 92.6 174 15.9
Belgium 50.2 54.0 74.8 89.1 3.8 14.3
Australia 53.0 60.0 84.6 91.9 7.0 74
Japan 53.6 60.5 60.5 74.9 6.9 14.4
Germany 54.1 67.1 73.5 87.5 13.0 14.0
United Kingdom 55.1 62.6 80.7 90.4 75 9.7
Canada 56.9 64.3 88.8 94.0 74 5.2
Norway 60.5 68.8 87.6 95.6 8.3 8.0
Netherlands 60.5 80.3 89.0 96.5 19.7 75
Denmark 64.2 78.7 83.4 95.7 14.5 12.3
Switzerland 66.4 76.8 791 93.4 10.4 14.2
Korea 68.8 94.0 93.1 96.5 25.2 34
Sweden 72.5 774 89.6 96.7 49 71
Iceland 80.6 83.0 92.3 97.7 24 5.4
United States’ -- -- 81.8 85.1

OECD 64.0 76.1 1.7 121

Note: 1. As no data was available for households in the United States, this country was excluded when
calculating OECD averages.
In cases where data were not available for 2003 or 2006, data from the nearest available year were used.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



58 - 2. STUDENTS’ ACCESS TO INFORMATION AND COMMUNICATION TECHNOLOGIES

Figure 2.9. Percentage of students in schools whose principals report that instruction is
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Countries that participated in PISA 2000, 2003 and 2006 show differ-
ent patterns of response to this question from one survey year to the next
(Annex A, Table A.7). These responses should be interpreted with caution,
because a decrease or increase in the percentage of school heads reporting
that instruction was hindered by shortage of computers does not necessarily
mean that more or fewer computers were available for learning. It could also
mean that these school principals became more aware of the relevance of
computers for learning or were unhappy with their experience with the use
of computers for learning.

What can SITES 2006 say about access to ICT at schools?

The IEA SITES 2006 study? offers a complementary analysis in terms
of access to ICT at schools from a comparative perspective. Compared to
SITES 1998, there has been an overall increase in computer density (decreas-
ing ratios of students per computer, increased access to computers at home,
increased deployment and use of laptops) and in the available software, with
respect to both quantity (the number of computers available) and quality
(upgrading of old equipment and software). In particular, the use of ancillary
learning resources such as multimedia seems to be on the increase.
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Concerning the availability of computers and software, the systems vary
significantly. Not surprisingly, this variation tends to be distributed along
a global axis of development level, with developed countries in general
exhibiting a more favourable situation (lower SCR, more widespread deploy-
ment of software) than developing countries. (This is often referred to as a
“north-south” divide, but this can be misleading: “southern” countries such
as Australia are considerably more developed than many of their “northern”
neighbours). In other words, richer countries tend to have better-equipped
schools than poorer countries. This equipment gap is shrinking, though,
as a result of accumulated investments over the last decade, but also as a
result of the recognition on the policy level of the need for a digitally literate
workforce to maintain economic growth. An example is the Malaysian Smart
School Initiative: “To produce a technologically literate workforce that can
think critically as a result of encouraging thought and creativity across the
curriculum and applying technology effectively in teaching and learning.”

In general, the main challenges for deploying ICT in economically poor
educational systems are similar to those of their richer counterparts. But prob-
lems such as lack of electricity, lack of networks of hardware and software
providers on a local level, lack of teachers, lack of textbooks, high dropout
rates among students, and marked differences between the levels of public and
private schools pose additional problems for the economically poorer systems.

Other barriers to greater access, as identified by Ottestad and Quale
(2009) include:

*  Language: English is the dominant language of information on the
Internet, and proficiency in English is generally presumed in the user
interface of most application software. Several education systems
report this as a major barrier for many students.

*  Teacher education: there is a widespread need to extend and improve
the professional training of teachers. A main obstacle here, in partic-
ular for developing countries, is funding. In addition, some countries
(e.g. Brazil) point to a lack of understanding in the governmental
bureaucracy of the need to devote sufficient resources to upgrading
hardware and to promoting good pedagogical practices in using this
equipment. There is also an issue of organisation: for instance, some
countries (e.g. Australia) indicate a lack of connection between pre-
service and in-service teacher education in areas associated with ICT.

*  Pedagogy and time constraints are identified by many as major bar-
riers to the use of ICT. It is not clear to many teachers how it can
contribute profitably to their teaching. It is also difficult to find time
to train students in the use of ICT and to give them sufficient oppor-
tunity to use it given the crowded schedules of most curricula. In
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this connection, there is a perceived need to improve teachers’ com-
petence in applying ICT to student-centred pedagogical practices,
particularly in mathematics and the sciences.

*  Hardware: many countries — in particular, among the less economically
developed — report a lack of sufficient hardware (computers, Internet
connections), which impedes the adoption of ICT as part of pedagogical
practice. In some cases, this is also an issue of geography: the challenge
of providing a satisfactory level of technology and technological com-
petence to schools in remote, and often sparsely populated, rural areas.

*  Gender and age: recent studies — particularly of the Nordic countries
(Denmark, Finland, Norway and Sweden) — point to a continuing issue
of gender and age. Boys and young men (aged 10-30) are the most
active, and the most proficient, users of digital hardware (computers
and various peripherals). Moreover, boys tend to learn to use comput-
ers at home, with friends and/or when pursuing hobbies; girls are more
dependent on school as a place for learning ICT skills. A number of
policies are being considered to address this problem of gender ineq-
uity regarding the use of computers in the classroom teaching situation.

As for the student-computer ratio, the Internet access ratio is skewed in
favour of the industrialised educational systems. However, when the disper-
sion is broken down on the individual system level, there is a strong push
towards connecting schools as a desirable state or goal.

Conclusions and policy recommendations

From the perspective of education, access to ICT resources is not only
about the physical provision of ICT resources, but also about the actual
opportunities or conditions students have to use these tools for educational
purposes. In this context, the main concern today is whether once all groups
of students have access to technologies they also have the means of taking
full educational advantage of them. The results from PISA data show that
while OECD countries have made significant progress in physical access
to computers at home and at school, more efforts should be made to enrich
the educational opportunities offered by ICT resources. First, in most of the
countries surveyed, the majority of students have access to computers for
schoolwork at home and at school, but access to a link to the Internet is more
limited and varies greatly across and within countries. This is a matter of
concern, as in countries in which a minority of students have access to the
Internet, the learning opportunities ICT resources can provide at home and at
school are much more limited. In addition, although the difference between
the highest and lowest socio-economic quarters by ESCS has decreased
since PISA 2003, the socio-economic background of students still plays an
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important role in the opportunity to use a computer for schoolwork and to
have a link to the Internet at home. Governments should therefore increase
their efforts to connect school computers to good quality Internet services,
and schools should give priority of access (especially after school) to students
without a computer to use for schoolwork or a link to the Internet at home.

Second, the comparison between ICT and other educational resources
available at home showed that while books were the most “democratic” educa-
tional resource, educational software was the resource least present in OECD
15-year-old students’ homes. Although PISA 2006 does not provide detailed
information about access to educational software at school, the results show
that educational software is the least used of these resources among OECD
countries. This raises the question of the role that educational software and dig-
ital learning resources (DLR) play in schools and homes. Several experiments
have shown that DLR can be relevant when information and learning materi-
als are offered in innovative and motivating ways to students. However, they
have not found their way into the majority of today’s classrooms and homes.
This is why it is important to learn more about the actual levels of use of such
resources in the classroom, how they contribute to the quality of learning and
about factors that can promote or prevent their dissemination. This matter is at
the heart of issues concerning how ICT can support an effective teaching and
learning process and how schools can become places where ICT reach their full
educational potential. This is why the OECD’s Centre for Educational Research
and Innovation has recently started an activity to address these and other issues
at an international comparative level. As a complement, governments should
support deep research on these issues at a local level.

Finally, although the data provided offer a valuable comparative pic-
ture of physical access to ICT as well as general opportunities of access for
schoolwork in the participating countries, it has limitations that call for new
and more specific data:

» Conditions of access provide evidence on the actual contact individu-
als have with ICT and on what they can do with the support of these
tools. From this perspective, it is important to study more specifi-
cally the context of ICT use and distinguish, for example, between
individual and group access to ICT in schools.

* Today, computers are not the only educational technology being used
and explored in schools. Other devices, such as personal or handheld
devices (e.g. cellular phones, personal digital assistants (PDAs), game
consoles or ultra-mobile PCs), are increasingly relevant in the edu-
cational context thanks to their “ubiquity”, i.e. the fact that they can
be used in any location or context. It is therefore important to include
these ICT technologies in international comparative surveys and to
continuously update technologies as they evolve.
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Key findings

*  Almost all 15-year-old students in the countries surveyed have some
experience with computers. In all of the OECD countries covered,
the majority of students started using computers at least when they
entered secondary education. Although on average the length of time
during which students have been using computers has increased for
OECD countries since PISA 2003, it differs greatly across and within
countries.

* On average in OECD countries access to educational resources at
home (computers for schoolwork, a link to the Internet, educational
software and books for schoolwork) has increased since PISA 2003.
The socio-economic background of students still plays a strong role,
especially for educational resources related to information and com-
munication technology (ICT), although the differences are decreas-
ing thanks to a significant increase in the access of students in the
bottom quarter.

* Inequalities across OECD countries in terms of access to resources
for home study are similar for computers and for books, and in both
cases these inequalities have decreased since PISA 2003. However,
as access to computers for schoolwork lessens, books are relatively
more important for schoolwork. Finally, for access to the Internet
and educational software, the differences between the bottom socio-
economic quarter and the top socio-economic quarter in OECD
countries are larger than for computers and books for schoolwork.

» The great majority of students in all countries surveyed have some
kind of access to computers at school and go to schools in which the
great majority of computers are available for instruction. Nevertheless
12.06% of students on average in OECD countries declare that they
never use these technologies at school.

*  The number of students per computer in schools has increased since
PISA 2000 and PISA 2003, but remains highly unequal across coun-
tries. In OECD countries the average is 0.19, nearly the same as in
PISA 2003 but 0.1 higher than in PISA 2000.

* In 27 of 29 OECD countries more than 80% of computers in schools
are connected to the Internet. There is much more variability across
the partner countries that participated in the survey, with computers
connected to the Internet ranging from 10% to 100%.
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Notes

1. For more details on plausible values, please refer to the PISA 2006 Data Analysis
Manual.

2. The SITES 2006 study (Law, Pelgrum and Plomp, 2008) is the third study carried
by the International Association for the Evaluation of Educational Achievement
(IEA), to learn how educational systems throughout the world have integrated ICT
in education. SITES’ 2006 major question was related to the impact of a ten-year
period of investments in ICT in education, and more specifically, to the extent to
which and how ICT is used in education and how it supports and enhances peda-
gogical practices. The 23 educational systems participating in this survey were:
Canada (Alberta, Ontario), Chile, Chinese Taipei, Denmark, Estonia, Finland,
France, Hong Kong (China), Israel, Italy, Japan, Lithuania, Norway, Russian
Federation, Russia Moscow Region, Singapore, Slovak Republic, Slovenia, Spain
(Catalonia), South Africa and Thailand.
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Chapter 3

Students’ use of information and communication technologies
and the role of confidence

Examination of the frequency and patterns of ICT use provides a picture of how
students are taking advantage of the opportunities made available by ICT in
schools and at home. Once they have access, types of ICT use depend on variables
related to students’ cognitive, cultural and socio-demographic characteristics.
This chapter gives special attention to students’ gender and socio-economic status
and offers for the first time an analysis of user profiles that go beyond traditional
stereotypes. It also presents a detailed analysis of students’ attitudes to ICT and
how they relate to performance in science.
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Use of ICT in schools and at home

Chapter 2 discussed the notion of access to ICT and argued that it is not
only a matter of availability of physical ICT resources but also of the condi-
tions under which ICT resources are available for use for a specific purpose,
such as learning. In other words, access to ICT is not only about having or
not having certain ICT resources at home or at school, but also about actual
opportunities to use them. As Chapter 2 demonstrated, for 15-year-old stu-
dents these opportunities are still highly dependent on their socio-economic
status.

The question of ICT use goes a step further to consider actual patterns
of use. It goes beyond the opportunities available to people to look at how
people interact with ICT or take advantage of the opportunities offered. From
this standpoint, once an individual has the necessary conditions of access,
the use made of the technology varies depending on a mix of factors, related
mostly to the individual’s cognitive, cultural and socio-demographic charac-
teristics. This perspective gives rise to the notion of what has been called the
“second-level digital divide” which refers not to differences in access but to
differences in the capacity to use ICT and take advantage of them (Hargittai,
2002; Robinson, DiMaggio, and Hargittai, 2003). Chapter 4 will discuss how
differences in use can result in differences in skills and learning outcomes
(Peter and Valkenburg, 2007; Hargittai, 2002).

This section analyses patterns of students’ ICT use at home and at school
based on PISA 2006 data (Figure 3.1), in comparison, when possible, to PISA
2003 data, particularly for OECD countries. In order to understand some
of the variables that may explain the different patterns, special attention is
given to gender and to students’ economic, social and cultural status (ESCS).
In addition, confidence in using ICT is analysed. This variable appears
related to a person’s capacity to engage with or make meaningful use of ICT.
Some analysts have started to stress that this seems to play a key role in how
individuals use and take advantage of technology. As Selwyn (2004, p. 352)
points out, engagement with ICT happens when an individual can exercise “a
degree of control and choice over technology and content”. This depends on
several factors, such as social, cultural, economic, pragmatic and also psy-
chological reasons. Among psychological reasons, confidence in using ICT,
i.e. lack of anxiety, seems to play an important role.
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Figure 3.1. Student computer use in OECD countries
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Figure 3.1c. Are confident that they can complete the following
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Frequency of use by location

How often do students use computers and how does this vary by
location?

Frequency of use by location is important as it provides an idea of the
relative role of schools, homes and other locations of ICT use. Many studies
show that, in general, computers and other ICT resources are used less at
school than outside of school. Nevertheless, this should not lead to denying
the educational relevance of ICT to the lives of the younger generations.
Some studies have started to discuss and to find evidence that young people
are learning new skills as a consequence of intensive out-of-school use of
ICT, where individual or peer-to-peer use is most common (Sefton-Green,
2003). As a consequence, greater attention should be paid to out-of-school
learning with ICT, and discussion of how educational institutions should inte-
grate this learning into the curriculum should be encouraged (Pedro, 2007).

Like PISA 2003, PISA 2006 asked students how often they used a com-
puter at home, at school or elsewhere. If students responded that they used
computers almost every day or a few times each week, they were considered
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frequent users of computers (Box 3.1). Figure 3.2 presents the results for all
countries and shows the relative importance of homes as compared to schools
among frequent ICT users in most participating countries. In all OECD coun-
tries except Hungary and in partner countries Bulgaria, Colombia, Jordan,
Latvia, the Russian Federation, Serbia, and Thailand, students reported using
computers most often at home. This was the case for three-quarters of stu-
dents in 30 of the 40 surveyed countries. In the other countries, less than half
reported using computers most frequently at home in Thailand and Colombia.
In countries in which schools have a relatively higher percentage of frequent
ICT users than homes, over 70% of students use computers frequently at
school. Finally, less than two-fifths of students reported using computers
frequently in other locations in most countries.

Since PISA 2003, frequent use increased on average among OECD coun-
tries in all three categories. Frequent use at school and at home increased sim-
ilarly (11 and 12 percentage points, respectively) while frequent use in other
places increased relatively less (4 percentage points) (Annex A, Table A.8).
This suggests that although frequent use at home leads frequent use at schools
in most countries, the gap does not seem to be widening. A matter worthy of
further exploration is whether ICT use at home and ICT use at school influ-
ence each other in any way, for example, if there is any relation or continuity
between ICT activities at school and those at home, and vice versa. More
specifically, it would be important to know if the motivation for certain uses
at home is related to school needs or if students and parents put pressure on
schools and teachers to use ICT in certain ways at school. In this respect, stu-
dents should be asked in subsequent surveys about the reasons for their uses
and the locations in which they do various types of activity more frequently.

Box 3.1. Student responses on frequency of use and
how they were classified

In order to maintain consistency and comparability with the PISA 2003 report
(OECD, 2006), the five possible responses related to frequency of use were
grouped into the same three categories:

Frequent use:
“Almost every day” or “A few times each week”

Moderate use:
“Between once a week and once a month”

Rare or no use:
“Less than once a month” or “Never”

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



70 - 3. STUDENTS’ USE OF ICT AND THE ROLE OF CONFIDENCE

Frequency of use by type of use

Having asked students how much they used computers overall at home and
at school, the survey asked 11 questions about how frequently they used com-
puters to perform various types of functions. This gives a general picture of the
patterns of ICT use 15-year-old students who are frequent users and also about
the ICT-related skills they may develop in this way. In order to summarise the
results, an index of frequency was constructed for each of two groups of usage,
composed of six and five types of ICT functions, respectively. The first index

Figure 3.2. Students frequently using a computer at home, school or other places

A At school B Athome O Inother places
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Moving clockwise, countries are ranked in descending order of percentage of students frequently using
computers at home. OECD and partner countries are grouped separately.

Source: OECD PISA 2006 Database.
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is for Internet and entertainment tasks and incorporates educational uses, such
as looking up information, and leisure uses, such as playing games. The second
index is for the use of programmes such as word processing or spreadsheets and
the use of educational software. Box 3.2 explains their interpretation.

Box 3.2. Interpreting the indices of frequency of ICT usage

Each index comparing how much use different students make of a range of ICT
functions combines their responses to several questions into a composite score.
These scores are represented as index numbers so that on each index the average
score for all students in all OECD countries is zero, and about two-thirds of stu-
dents score between +1 and -1. For example, a score of -1 indicates that a student
uses computers more than about one-sixth of students internationally, and a score
of +1 that he/she uses computers more than about five-sixths of students. Each
index is self-contained: it is designed only to show the relative amount of use
made of that particular set of computer functions by different groups of students.
Comparing a country’s mean on one index to its mean on the other index does
not allow concluding that students in that country use the set of computer func-
tions more frequently in the index with the higher score. To compare frequency
of use of each index Tables 3.1 and 3.2 show the percentage of students in each
country reporting frequent use of each computer function included in the index.

Frequency of ICT Internet and entertainment use

Students were asked how frequently they perform various Internet and
entertainment tasks using ICT. As discussed in Chapter 2, Internet use is
relevant for accessing information and educational resources. Furthermore,
Internet recreational and communication activities are at the core of the so-
called digital culture, and an important issue is whether some groups are left
behind or excluded from this culture. The activities included in the PISA ques-
tionnaire were: play games, download software from the Internet (including
games); download music from the Internet, browse the Internet for informa-
tion about people, things or ideas; use the Internet to collaborate with a group
or team; and use the Internet for communication (e.g. e-mail or chat rooms).

Looking first at the average index across the Internet and entertainment
activities, students’ use of ICT for these purposes is highest (over 0.25) in
Canada, the Czech Republic, the Netherlands and Norway and in partner
countries Bulgaria, Latvia, Lithuania, Qatar and Slovenia (Figure 3.3). The
lowest use of computers for these purposes (under -0.25) is in Italy, Ireland
and Japan and in partner countries Jordan, the Russian Federation, Serbia
and Thailand. Compared to the OECD average index (-0.01), that of Japan is
particularly low (-0.99) (Figure 3.3).
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It is also possible to compare countries in terms of the gap between those
who use ICT the most and the least. Figure 3.3 indicates this by the symbols
that represent use by the quarter of students with the most use of ICT for the
Internet and entertainment and the quarter with the least use. The widest gaps
between these groups (2.6 index points or more) are in the Czech Republic,
Italy, Poland and Turkey and in partner countries Bulgaria, Jordan, Lithuania,
Qatar, the Russian Federation, Serbia and Uruguay, while the smallest gaps
(2 points or less), that is, the most even use across the population, are in
Austria, Denmark, Finland, Iceland and Korea and in partner countries
Liechtenstein and Macao, China.

Specific types of Internet and entertainment use

On average across OECD countries, more than 60% of students fre-
quently use their computers for e-mail or chatting (69%) and to look up infor-
mation about people, things or ideas on the Internet (61%). More than 50%
frequently use them to download music (58%) and play games (54%), and
the smallest percentage of frequent use is to download software (41%) and to
collaborate with a group or team (37%). Compared to PISA 2003, the aver-
age percentage of 15-year-old students’ use of all types of use classified here

Figure 3.3. Index of ICT Internet and entertainment use
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Countries are ranked in descending order by average index. OECD and partner countries are grouped
separately.

Source: OECD PISA 2006 Database.
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as Internet and entertainment has increased. In particular, computer use for
e-mail or chatting rose by 13 percentage points and for downloading music by
9 percentage points. Looking up information about people, things or ideas on
the Internet and collaborating with a group or team both rose by 6 percentage
points. Computer use to download software increased by 3 percentage points
and playing games by just 1 percentage point.

The results for individual countries for each activity are listed in
Table 3.1. In some countries more than two-thirds of students use computers
for some of these purposes. This is true in the majority of OECD countries
for e-mail and chatting, where at least two-thirds of students reported doing
so frequently in 18 of the 25 participating countries. Two-thirds or more
use the Internet to look things up in Australia, Canada, Iceland, Korea, the
Netherlands, Norway and Portugal, and as many frequently download music
in Belgium, Canada, the Netherlands, Norway and Spain and in partner
country Bulgaria. Country comparisons show that Iceland, the Netherlands
and Norway stand out in the use of Internet for communication; with at least
90% of students reporting using the Internet for e-mail and chatting. In most
countries less than half of students use the Internet to collaborate with a
group or team or to download software. Japan has the lowest percentage (less
than 30%) of use in each type of Internet and entertainment use.

Table 3.1. Students’ use of ICT for Internet and entertainment

Index of ICT Internet and entertainment use

Browse the A computer
Internet for Use the Internet Download for electronic
information to collaborate  software from  Download communication
about people, with a group or the Internet ~ music from (e.g. e-mail or
things or ideas Play games team (including games) the Internet  chat rooms)
Norway 78 59 65 55 55 90
Netherlands 67 64 39 51 51 92
Canada 71 57 52 48 48 86
Czech Republic 69 56 56 45 45 71
Portugal 76 59 60 48 48 69
Australia 72 49 48 48 48 80
Iceland 76 56 26 40 40 90
Hungary 62 66 54 42 42 68
Belgium 56 53 40 45 45 84
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Table 3.1. Students’ use of ICT for Internet and entertainment
Index of ICT Internet and entertainment use

(continued)
Browse the A computer
Internet for Use the Internet Download for electronic
information to collaborate  software from  Download communication
about people, with a group or the Internet ~ music from  (e.g. e-mail or
things orideas Play games team (including games) the Internet  chat rooms)
Sweden 66 53 23 44 44 85
Spain 66 57 26 42 42 75
Poland 54 53 43 42 42 56
Switzerland 60 43 33 44 44 79
Denmark 63 56 34 38 38 79
Turkey 55) 57 46 49 49 61
Korea 68 54 25 40 40 66
New Zealand 63 47 39 38 38 68
Finland 57 57 18 38 38 85
Greece 57 66 27 50 50 40
Slovak Republic 47 59 41 32 32 57
Germany 54 52 33 33 33 70
Austria 54 48 30 36 36 70
Italy 57 56 22 46 46 45
Ireland 53 45 26 30 30 43
Japan 30 21 9 13 13 22
Chile 66 56 48 39 39 70
OECD average 61 54 37 41 41 69
Bulgaria 64 69 49 70 70 79
Slovenia 50 56 74 55 55 76
Qatar 70 66 53 59 59 62
Lithuania 59 59 66 52 52 72
Latvia 62 52 47 54 54 81
Macao, China 66 60 24 56 56 75
Liechtenstein 58 44 29 44 44 84
Uruguay 67 52 47 38 38 69
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Table 3.1. Students’ use of ICT for Internet and entertainment
Index of ICT Internet and entertainment use

(continued)
Browse the A computer
Internet for Use the Internet Download for electronic
information to collaborate software from  Download communication
about people, with a group or the Internet ~ music from (e.g. e-mail or
things orideas Play games team (including games) the Internet  chat rooms)
Croatia 51 65 37 43 43 50
Colombia 63 46 43 42 42 52
Thailand 63 50 50 36 36 45
Serbia 37 74 29 42 42 42
Jordan 50 63 41 40 40 37
Russian Federation 34 65 27 34 34 31

Countries are ranked in descending order by average index. OECD and partner countries are grouped

separately.

Source: OECD PISA 2006 Database.

Frequency of use of ICT for programmes and software

Students were also asked how frequently they use ICT for different
programmes and software. There were five possible answers: writing com-
puter programmes; using educational software such as mathematics pro-
grammes; drawing, painting or using graphic programmes; using spreadsheets
(e.g. <Lotus 123® or Microsoft Excel®>) and write documents (e.g. with
<Word®> or <WordPerfect®>). The programmes and software explored were
those most commonly used for schoolwork activities. Figure 3.4 uses an index to
compare average student use for these purposes. As for PISA 2003 data overall,
considerably fewer students reported frequent use of programmes and software
than use of ICT for the Internet and entertainment: a minority of students on
average used computers frequently for any one of these purposes except writ-
ing documents (Table 3.2). The index values are adjusted so that on each index
the OECD average is zero; therefore a given score on the programmes and
software index represents a lower average frequency than on the Internet and
entertainment index. In Portugal and Turkey and in partner countries Bulgaria,
Colombia, Jordan, Thailand and Uruguay, students report comparatively high
use of programmes and software. Students in Finland, Iceland, Ireland, Japan
and Korea and in partner economy Macao, China, report comparatively low use.
Deeper exploration of this issue by countries would be interesting, for example
to see if countries with relative high use of programmes and software have
developed specific educational policies to encourage their use.
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Table 3.2. Students’ use of ICT for programmes and software

Use educational
Writing software such ~ Drawing, painting  Use spreadsheets Write documents
computer as mathematics  or using graphic  (e.g. <Lotus 123® or  (e.g. with <Word®> or
programmes programmes programmes Microsoft Excel®>) <WordPerfect®>)
Turkey 36 36 47 36 57
Portugal 19 27 46 34 68
Greece 38 30 44 27 46
Hungary K| 18 32 37 54
Norway 35 12 28 19 58
Poland 23 26 37 27 44
Czech Republic 23 21 30 26 46
Australia 12 13 37 22 72
Spain 35 15 32 24 53
Italy K| 22 31 25 51
Austria 15 12 31 27 62
Slovak Republic 23 20 32 26 47
Canada 16 10 36 17 58
Germany 15 15 26 20 52
Switzerland 15 1" 27 21 50
New Zealand " 13 32 22 49
Denmark 10 1 23 17 60
Netherlands 13 10 25 16 61
Belgium 15 10 26 17 49
Iceland 12 1 23 10 36
Sweden 1 5 28 9 35
Finland 12 3 28 8 25
Korea 7 14 18 9 30
Ireland 1" 13 27 13 28
Japan 5 2 10 10 15
Chile 25 26 38 31 58
OECD average 19 15 30 21 48
Jordan 48 43 52 39 55
Qatar 43 39 50 42 52
Colombia 40 36 50 35 65
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Table 3.2. Students’ use of ICT for programmes and software (continued)

Use educational

Writing software such  Drawing, painting ~ Use spreadsheets Write documents
computer as mathematics ~ or using graphic  (e.g. <Lotus 123® or  (e.g. with <Word®> or

programmes programmes programmes Microsoft Excel®>) <WordPerfect®>)
Bulgaria 25 38 49 44 48
Thailand 28 32 4 43 59
Uruguay 28 50 37 38 58
Latvia 22 25 40 35 44
Lithuania 32 27 36 28 43
Russian Federation 24 36 43 31 50
Slovenia 22 15 38 26 49
Croatia 25 23 47 26 48
Serbia 20 21 55 26 48
Liechtenstein 13 9 30 18 56
Macao, China 14 12 19 12 28

Countries are ranked in descending order by average index. OECD and partner countries are grouped
separately.

Source: OECD PISA 2006 Database.

Also, the range of reported use of ICT for programmes and software
within countries varies, revealing more or less homogeneity within the
15-year-old student population. For example, wider differences (of at least 2.8
index points) between students in the top and bottom quarters of the index
are found in Turkey and in partner countries Bulgaria, Qatar, the Russian
Federation and Uruguay. More homogeneity (range of 2.0 index points or
less) between the top and bottom quarters is observed in Australia, Austria
and Denmark and in partner countries Liechtenstein and Macao, China
(Figure 3.4).

Word processing (e.g. <Microsoft Word®> or <WordPerfect®>) was
frequently used by the highest percentage of students on average in OECD
countries (48%), ranging from 15% of students in Japan to 72% in Australia.
In the majority of OECD countries between 40% and 60% of students
reported frequent use of word processing software (Table 3.2), an average
of 30% reported frequent use of drawing, painting or graphics programmes,
21% frequent use of spreadsheets (e.g. <Lotus 123® or Microsoft Excel®>),
19% writing computer programmes and only 15% educational software such
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as mathematical programmes.' Over 30% of students reported frequent use of
the computer for programming in Greece, Hungary, Italy, Spain and Norway,
and over 30% frequently used spreadsheets in Hungary, Portugal and Turkey.

Out of all 12 ICT uses that students were asked about in the survey, the
one that fewest reported using frequently was educational software, such
as mathematics programmes (15%), the same percentage as in PISA 2003.
However, in partner countries Jordan and Uruguay, 43% and 50%, respec-
tively, reported frequent use of educational software.

Figure 3.4. Index of ICT programme and software use

Average index Bottom quarter
Top quarter Average index for males

® Average index for females

Italy
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Chile
Serbia

Slovak Republic
Latvia

Lithuania

Qatar
Russian Federation

Turkey
Portugal
Greece
Hungary
Norway
Poland
Czech Republic
Spain
Canada
Germany
Switzerland
New Zealand
Denmark
Belgium
Iceland
Sweden
Ireland
Jordan
Colombia
Bulgaria
Thailand
Uruguay
Slovenia
Croatia

Australia
Netherlands
OECD average
Liechtenstein
Macao-China

StatLink &= http://dx.doi.org/10.1787/812122871673

Countries are ranked in descending order by average index. OECD and partner countries are grouped
separately.

Source: OECD PISA 2006 database.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



3. STUDENTS’ USE OF ICT AND THE ROLE OF CONFIDENCE — 79

Gender differences in frequency of use of ICT for the Internet and
entertainment and for programmes and software

As in PISA 2003, in all countries participating in PISA 2006, males use
ICT more than females for Internet and entertainment (Table A.9). Consistent
with PISA 2003 data and with other studies (Kirriemuir and McFarlane,
2004), the most pronounced gender differences are in reported use of com-
puter games. On average in OECD countries, males are twice as likely as
females to play such games frequently (72% and 35%, respectively). In
Denmark and Sweden, the gap is even wider, with more than 50 percentage
points of difference. In Greece, where the gender gap is narrower (23%), over
one-half of females aged 15 frequently use computers for games (this was the
case for the United States in PISA 2003). On average across OECD countries,
males are also twice as likely to download software from the Internet (includ-
ing games) frequently (males 54% and females 27%). The difference between
males and females is much smaller for downloading music from the Internet
(64% and 52% respectively), browsing the Internet for information (63% and
59% respectively), using the Internet to collaborate (41% and 32% respec-
tively). They make similar use of computers for electronic communication,
with an average of 69% of males and 70% of females reporting frequent use
of computers for this purpose. These gender differences are in all uses very
similar to those observed in PISA 2003.

For use of ICT for programmes and software, males report the most
frequent use in the majority of countries, although the difference in the
mean index for females and males decreased 0.7 points since PISA 2003.
Here, the gender gap is on average less than half as wide as for Internet
and entertainment. As in PISA 2003, in Ireland, Japan and Korea and now
also in New Zealand, a higher percentage of females report more frequent
use (Figure 3.4). In OECD countries almost twice as many males report
frequent use of computers for programming: 23% of males and 14% of
females on average, a decrease from 30% and 16%, respectively, in PISA
2003. The gender difference is particularly large in Denmark, Finland and
Iceland, where males are three times as likely as females to use computers
frequently for programming. Compared to PISA 2003 data, which showed
males in Finland nearly six times more likely to do so, these differences have
decreased to half. However, gender differences for other programmes and
software uses are not very pronounced. In OECD countries, a higher percent-
age of females use word processing frequently (50% compared to 46% among
males). As in PISA 2003 they tend to increase countries’ average for frequent
users of word processing (the highest percentages of frequent users of word
processing by country are mainly those in which females use them more).

The former results are consistent with national studies that show that
males use ICT for a wider range of activities and are more likely to use
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them for leisure purposes. They also show that females’ leisure use of ICT is
more likely to be for communication and that they tend to use ICT more for
schoolwork than males. Additionally, some of these studies also show that
females are generally less confident when using ICT (Looker and Thiessen,
2003; Valentine and Pattie, 2005; Todorova et al., 2008). Although these
findings are very consistent both with national studies and with PISA 2003
data, they should be interpreted with caution. PISA data regarding ICT use
is based on students’ self-reports, and recent studies have shown that young-
sters tend to respond to questions regarding their ICT use according to what
they consider appropriate behaviour in terms of gender-dominant discourse
and stereotypes, not necessarily what they actually do (Carr, 2005). These
views are communicated by parents, peers, schools and the mass media
and include gender stereotypes and a strong link between masculinity and
technology (Corneliussen, 2003; Gansmo, 2004; Tennessen, 2007; Vekiri
and Chronaki, 2008). As the profile analyses discussed below will show, the
picture is more nuanced, with groups of boys and girls relating differently
to ICT depending not only on gender but also on their background and indi-
vidual characteristics.

Socio-economic differences in frequency of use of ICT for the Internet
and entertainment and of ICT for programmes and software

On average among OECD countries there is a difference between the
top and bottom ESCS quarters of 0.45 in the index means for Internet and
entertainment. The difference is smallest for playing games (0.09) and largest
for use of Internet for communication (e.g. e-mail and chat rooms) (0.78). In
the programmes and software index the difference is half that for the Internet
and entertainment (0.23 and 0.45 index means, respectively). The difference
is greatest for writing documents (0.47) and smallest for writing computer
programmes (0.02).

Students’ confidence in using ICT

As in PISA 2003, in PISA 2006 students provided information on how
well they felt they could perform various tasks using a computer. As men-
tioned above, this seems to play an important role in an individual’s engage-
ment with ICT. Two categories were included in the analysis: Internet tasks
and high-level tasks. When interpreting the results it is important to bear in
mind that the indices of confidence in using ICT are based on students’ sub-
jective assessments and that students in different countries may perceive and
respond to questions differently.
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Students’ confidence in performing different computing tasks

What can students do with a computer? PISA 2006 asked students how
well they could perform 14 different ICT tasks. There were four possible
answers (I can do this very well by myself; I can do this with help from
someone; I know what this means but I cannot do it; and I don’t know what
this means). Students are here considered to be at least somewhat confident
in performing a task if they answered “I can do this with help from someone”
and to have high level of confidence if they answered, “I can do this very well
by myself” (Table 3.3). The questions identified two broad groups of tasks:
Internet tasks and high-level tasks. Two indices were derived from these.

Generally, students in all participating countries report high confidence
in using ICT, with the majority saying they are able to perform 9 of the 14
tasks specified very well by themselves. As expected, students are relatively
more confident performing Internet tasks than high-level tasks, although
even in the case of the latter, most students thought that they could do each
task if they had some help.

Table 3.3. Percentage of students reporting how well they can perform
Internet tasks and high-level tasks on a computer (OECD average)

Yes Yes with help

Internet task

Search the Internet for information N 5
Download files or programmes from the Internet 75 16
Attach a file to an e-mail message 72 16
Download music from the Internet 75 15
Write and send e-mail 83 10
Chaton line 82 9

High-level ICT tasks

Use software to find or get rid of viruses 44 29
Create a database (e.g. using < Microsoft Access ® >) 25 31
Edit digital photographs or other graphic images 58 26
Use a spreadsheet to plot a graph 48 31
Create a presentation (e.g. using <Microsoft® PowerPoint®> ) 58 25
Create a multimedia presentation (with sound, pictures, video) 44 35
Construct a web page 31 38
Use a word processor (e.g. to write an essay for school) 82 1

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



82 _3. STUDENTS’ USE OF ICT AND THE ROLE OF CONFIDENCE

Internet tasks

Figure 3.5 shows that students are most confident (over 0.40 mean index)
in performing Internet tasks in Canada (0.47), Korea (0.59), the Netherlands
(0.49) and Norway (0.41). In these countries at least 90% of students report
being confident to do each of the six Internet tasks. Conversely, students in
partner countries Jordan (-1.23), Russian Federation (-1.30) and Thailand
(-1.17) have the lowest levels of reported confidence in Internet tasks.
Korea has the highest mean on the index of confidence in ICT Internet
tasks, although it decreased from 0.77 in PISA 2003 to 0.59 in PISA 2006.
However, as in PISA 2003 this contrasts with reported means on the index
of confidence in high-level tasks (-0.24), which is below the OECD average.
For Internet tasks, students in OECD member countries report the highest
confidence on average in searching the Internet for information, writing and
sending e-mail, and chatting on line (Table 3.3).

Figure 3.5. Indices of students’ confidence with Internet tasks and high-level tasks
Figure 3.5a
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Average index Bottom quarter Top quarter Average indexfor males ® Average index for females

TTTTIIT
‘T T *s ETL

&

848 3= c T ¥TUTUTEEL E22ET T 329 S Qe EEEYS pEE L ST S
s:ﬁggiﬁ 5858 5% 8383895 fEf=288ceg 52558382253
28 c 53D < s 3TE 3 8&8€e 223 e $ 828855399288 E533
T S 33T 32 g 588 £ < 55 & L2 G -~ £ g 32 £ S 2 0 S w T 8
2 U Z @ @ AN g I ] ] @ S Gl =
B = :° = ©F gs” §- CAE
A ] O 3 I}
= z s 3 =

CzechRepublic
Slovak Republic
Russian Federation

StatLink SwsPe http://dx.doi.org/10.1787/812145510214

Countries are ranked in descending order by average index. OECD and partner countries are grouped
separately.

Source: OECD PISA 2006 Database.
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Figure 3.5b
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Source: OECD PISA 2006 Database.

High-level tasks

In all participating countries students are, as expected, comparatively less
confident in performing high-level tasks on a computer. On average the task that
students are least confident performing is creating a database (25%). However,
over one-half of students in OECD countries (56%) still report that they can do
this either by themselves or with help from someone (Table 3.3). Comparatively
more students (over a mean index of 0.20) in Australia, Austria, Canada, the
Netherlands, Norway and Portugal and in partner country Liechtenstein report
being confident performing high-level tasks on a computer (Figure 3.5).

Gender differences

There are quite clear gender differences in the indices of confidence in
Internet tasks and high-level tasks. In the majority of countries, males report
higher confidence in both categories (Figure 3.5). Even though differences
in favour of males are greater for confidence in performing high-level tasks,
Japan and Korea and partner country Jordan are exceptions. Since PISA 2003
the average OECD difference in confidence in high-level tasks has decreased
significantly (0.17 index points). The countries with the highest gender differ-
ence (over 0.40 index points) are the Czech Republic (0.54), Denmark (0.53),
Finland (0.57), Germany (0.42), Iceland (0.45), Norway (0.50), Poland (0.47),
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the Slovak Republic (0.57) and Sweden (0.48), and partner countries Latvia
(0.46), Liechtenstein (0.59), Lithuania (0.52) and Slovenia (0.48).

A closer look at students’ self-reported levels of confidence for high-level
computer tasks offers some insight into where gender differences are most
and least important. On average in OECD countries, a higher percentage of
males report being confident in all tasks in this category except use of a word
processor, for which the percentage of females is slightly higher. The great-
est gender differences (more than 10 percentage points) are found for use of
software to find or get rid of viruses (19 percentage points) and creation of a
database (11 percentage points). For all the other tasks the difference is less
than 8 percentage points. The tasks more likely to be used in an academic
context — use a word processor, create a presentation, and use a spreadsheet
to plot a graph — have less than 5 percentage points of difference.

Proposal for a collection of user profiles: students’ ICT use profiles

Introduction

This section explores how students use ICT in order to develop a set of
student profiles. Student profiles represent one way to characterise different
segments of the student population and make it possible to describe, compare
and discuss differences and similarities among various segments. They can
also provide a nuanced picture of what young people aged 15 do with ICT.
The profiles classify students in different groups according to their amount
and type of ICT use.

In terms of types of ICT use, the questionnaire covers eight possible

EEINTS

options: “browse the Internet”, “play games”, “download software”, “down-
load music”, “e-mail and chat rooms”, “write documents”, “use spreadsheets”,
and “educational software”. To create meaningful ICT user profiles, these
eight categories were collapsed into two broad types of ICT use: “leisure
use”? and “educational use”.? The distinction was made based on previous
descriptions of ICT use (e.g. the distinction between ICT Internet/entertain-
ment use and ICT programme/software use) and empirical identification of

consistent patterns in the material.

In addition to the different types of ICT use, students were also asked
the frequency of these various types of ICT use. The options were “almost
every day”, “once or twice a week”, “a few times a month”, “once a month or
less” and “never”. When developing the profiles, the answers to the variables
defining “leisure use” and “educational use” were recoded by collapsing
results. Then, a new classification of “frequency” was developed to reduce

the number of available option and obtain more distinctive user profiles.
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This new classification ranges from “frequent” to cover the span from those
who answered “almost every day” to those who answer “once or twice a
week” to each question (as average score); “monthly” consisting of students
who answer “a few times a month”; and the group “rare” composed of those
answering “once a month or less” and “never” to individual questions.

Furthermore, the ICT questionnaires make it possible to include in the
profiles background characteristics of the students such as gender, socio-eco-
nomic background, interest in and performance in science. This can then help
go beyond stereotyped views of young people’s use of and attitudes towards
ICTs, such as “the gaming boy” and “the communicating girl”.

The next section presents the different ICT user profiles identified using
the classification of ICT users according to the frequency of different uses.

Student profiles: distribution, frequencies and definition of the
profiles

The profiles presented here derive from a combination of the scores of
two variables for type of ICT use (educational and leisure use) and three cat-
egories of frequency of use (rare, monthly and frequent).

This combination of variables gives nine different potential profiles.
Table 3.4 shows the percentage of students for each of these profiles.

Table 3.4. Distribution of students in the nine profiles

Rare educational Monthly educational  Frequent educational Total

Frequent leisure 19.7 % 6.4 % 6.9% 33%
Monthly leisure 18.6 % 39% 21% 24.6 %
Rare leisure 3717 % 3.2% 1.5% 42.4 %
Total 76 % 13.5% 10.5 % 100 %

As the table shows, 76% of students report rare use of ICT for educational
purposes. Only a minority of students report frequent educational use of
ICT. In terms of leisure use of ICT, almost a third of students report frequent
ICT use. However, rare leisure use remains the larger category, account-
ing for 42.4% of students. These results are in line with results from other
recent studies reporting on youngsters’ use of ICTs for educational purposes
which have found that young people are more likely to use more varied and
advanced types of ICT at home than at school (Beltran, Das and Fairlie, 2008;
Lenhart et al., 2008; Meelissen, 2008; Ofcom, 2008; Arnseth et al., 2007,
Pedro, 2007).
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The nine profiles show the variations in frequencies of use of computers
and in the self-reports on different types of ICT-related activities by 15-year-
olds in OECD countries. However, not all of the nine profiles are sufficiently
clear since they include combinations of answers covering variations in
frequencies. For this reason, only six of them* are considered to be the most
promising and distinctive profiles. They were chosen for several reasons: four
are combinations of frequent and rare use (corner positions) and are expected
to be consistent and clear. One is selected because it has a middle position
(monthly education and monthly leisure). The sixth profile (the combination
of rare educational and monthly leisure) was selected because it contained a
large number of students (almost 19% of all students). The names given to the
six profiles are indicated in Table 3.5.

Table 3.5. Student profiles

Rare educational Monthly educational  Frequent educational

Frequent leisure Digi-wired Digi-zapper
Monthly leisure Digi-casual Digi-sporadic
Rare leisure Analogue Digi-educational

The different profiles can be described as follows:

*  Digi-wired report frequent use of leisure activities that require an
Internet connection. This is the second largest profile (19.7% of all
students) and it is male-dominated. Moreover, the level of ICT self-
confidence (both Internet and high-level tasks) is higher than the
standardised self-confidence average for the OECD student popula-
tion. Both the socio-economic score and the performance in science
score are above the standardised average scores for the OECD stu-
dent population.

* Digi-educationals are students with low leisure use, who reported
“once a month or less” or “never” in the questionnaire on issues
related to “leisure use”, in combination with frequent educational use
of ICT (answering “almost every day” and “once or twice a week” to
questions on educational use). This profile includes a small share of
students (1.5%). The profile is female-dominated. Self-confidence in
ICT Internet tasks is below the average score for the OECD student
population and self-confidence in ICT high-level tasks is above the
average for the OECD student population. Both the socio-economic
score and the performance in science scores are below the average
scores for the OECD student population.
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»  Digi-zappers are students who report both frequent leisure use and
frequent educational use (6.9% of all students). They use a variety
of ICT programmes frequently. This may indicate that they switch
between different software and applications. This profile is male-
dominated with above average self-confidence in ICT (both Internet
and high-level tasks) compared to the OECD student population.
However, this profile scores below average for the socio-economic
score and for performance in science.

*  Analogues are uninterested in educational and leisure use. They are
the opposite of digi-zappers. This is the largest profile (37.7% of all
students). The label indicates that these students are more analogue
than digital in their educational and leisure activities. This profile is
female-dominated, with below average self-confidence in ICT (both
Internet use and high-levels tasks), below average socio-economic
scores, but above average performance in science.

* Digi-sporadics are students with monthly use of ICT for “leisure
use” and for “educational use”. The profile is rather small (3.9% of
all students). It is not very transparent because it can include students
answering monthly use and students with a variety of combina-
tions of frequent and low scores on single questions (e.g. writing
documents almost every day and rare use of spreadsheets). There are
slightly more females than males in this group.

* Digi-casuals are important because this profile represents almost
one out of five students (18.6%). The profile includes students having
a score defined as monthly for “leisure use” and students answer-
ing “almost every day and “once or twice a week” to questions
defining educational use. This profile is less distinctive than some
others, because students in the monthly leisure use category may
have various answers to individual questions about leisure activities
(e.g. almost every on some questions and rarely on others). This pro-
file is female-dominated. Moreover, this profile has an above average
socio-economic score and performs well in science.

The profiles show differences in the use of ICT, in terms of frequency
and preferences for leisure use and school use. This set of profiles does not
necessarily exclude the possibility of identifying other profiles in the PISA
and ICT data.> However, they appear quite robust and they relate differently
to gender, socio-economic background and performance in science. These
variations are further examined below.

At this point, it is important to see if there are differences across coun-
tries in the shares of students belonging to the different profiles. Table 3.6
presents the country distribution of students in these six profiles.
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As Table 3.6 shows, there are large differences across countries in the
distribution of the different profiles. The most analogues are in Japan and
the fewest in the Netherlands. The most digi-educationals are in Portugal and
the fewest in Sweden. The most digi-casuals are in Korea and the fewest in
Japan. The most digi-wired are in the Netherlands and the fewest in Japan.
The most digi-zappers are in Turkey and the fewest in Japan.

Table 3.6. Percentage distribution of students in the six profiles in each country

Profiles
Country Analogue  Digi-educational Digi-casual Digi-sporadic  Digi-wired  Digi-zapper
Australia 226 14 22.9 57 237 8.1
Austria 36.1 2.3 20.2 5.9 14.9 5.2
Belgium 24.6 0.6 271.2 35 29.0 5.3
Canada 17.8 0.5 25.9 34 3441 74
Czech Republic 26.2 14 17.5 44 23.6 10.5
Denmark 326 1.2 239 4.3 204 6.0
Finland 34.0 0.2 27.0 1.4 30.9 1.7
Germany 38.5 1.9 19.2 5.2 17.3 47
Greece 34.2 24 16.8 55 14.4 131
Hungary 28.0 21 18.0 5.8 18.8 10.6
Iceland 20.7 0.2 275 33 34.3 4.6
Ireland 51.8 1.5 19.5 2.6 14.8 3.2
Italy 35.8 3.0 14.5 40 19.5 8.0
Japan 78.9 0.3 10.3 1.2 6.0 1.0
Korea 26.7 0.3 32.3 33 275 3.2
Netherlands 13.5 04 25.8 3.3 38.3 6.4
New Zealand 32.3 22 22.5 5.1 19.0 6.2
Norway 13.8 0.4 229 4.2 37.0 8.4
Poland 33.8 2.9 12.6 4.6 18.2 10.6
Portugal 25.2 32 15.1 6.1 16.9 13.4
Slovak Republic 42.2 25 14.9 5.6 121 8.7
Spain 25.2 1.8 19.2 3.6 29.8 8.0
Sweden 29.6 0.2 25.9 1.4 341 31
Switzerland 31.0 1.1 23.3 3.9 22.8 5.6
Turkey 32.3 2.8 13.2 6.1 111 17.0
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Despite these disparities, most OECD countries have some common fea-
tures. In particular, three profiles, i.e. analogue, digi-casual and digi-wired
(all combining the leisure use category with low educational use) are among
the most prevalent in almost every country. Exceptions are Japan, where the
majority are analogue, Turkey, where digi-zappers exceed digi-wired and
Greece where digi-zappers are almost as frequent as digi-wired. It is difficult
to explain the different distributions across countries, and this calls for more
research; nevertheless, this information allows countries to compare their
positions with those of other countries.

A more nuanced picture of student profiles

As mentioned earlier, the background information in the questionnaires gives
rise to a more nuanced picture of student profiles. The next sections analyse in
more depth the characteristics of the different profiles in terms of gender, socio-
economic background, attitudes to ICT and relation to educational performance.
In doing so, this study complements the initial conclusions on the role of these
factors presented in the previous section and serves as a bridge to Chapter 4,
which explores the relation between ICT and educational performance.

Gender and student profiles

As previously stated, gender differences are apparent in terms of ICT both
at school and elsewhere. Numerous studies, both qualitative and quantitative,
report on differences in performance, patterns of use and attitudes towards
ICT (Lenhart et al., 2008; Meelissen, 2008; Ofcom, 2008; Pedro, 2007; Vekiri
and Chronaki, 2008). Table 3.7 presents profile frequencies by gender.

As the table shows, males dominate the frequent leisure use profiles.
Females appear to be a majority in all profiles with moderate or low use
for both leisure and educational use, e.g. analogue and digi-educational.
Differences between boys and girls in frequencies of use of ICTs are also
reported in PISA 2003 (OECD, 2006). However, given that the data are self-
reported, this may hide a bias that reflects a discourse on gender and ICT,
according to which boys use ICT but girls do not necessarily do so. The dif-
ferences between males and females needs to be further explored as more
information is obtained about each profile.

Table 3.7. The percentage of males and females in each profile

Profiles Analogue Digi-educational Digi-casual Digi-sporadic ~ Digi-wired Digi-zapper
OECD female 59.5% 61.8% 51.7% 50.5% 32.6% 32.8%
OECD male 40.1% 38.2% 48.3% 49.5% 67.4% 67.2%
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Socio-economic status and student profiles

As discussed in Chapter 2, physical access to computers seems to be uni-
versally available in most OECD countries. Still, when access is considered
in terms of patterns of use and ability to communicate and to find relevant
information, differences are apparent across and within OECD countries.
These differences are linked to socio-economic status. This section therefore
presents the relation between the different profiles and students’ socio-eco-
nomic background, using the PISA 2006 ESCS index.® Table 3.8 presents the
average ESCS score for each of the student profiles.

Table 3.8. Average index score of socio-economic status (ESCS) in each student’s profiles

Profiles Analogue  Digi-educational  Digi-casual Digi-sporadic Digi-wired Digi-zapper
OECD -0.22 -0.40 0.07 -0.09 0.16 -0.15

The table shows that student profiles relate differently to socio-economic
status. Digi-educational has an ESCS score that is a 0.40 standard devia-
tion below the average ESCS score (a negative value) for the OECD student
population. Digi-wired has an ESCS score that is a 0.16 standard deviation,
which is above the average ESCS score (a positive value). Digi-wired and
digi-casual have a positive ESCS score, i.e. a higher than average score for
socio-economic status; the other four profiles (analogue, digi-educational,
digi-sporadic and digi-zapper) have negative ESCS scores.”

Given these results, a possible interpretation may be that a higher level of
ESCS is related to greater leisure use, as higher socio-economic households
may have a greater access to computers and other digital devices, such as
video games. Conversely, poorer households seem to score comparatively
higher on educational uses of ICT, as schools may still represent the main
ICT connection for these students. This finding underpins the fact that socio-
economic status plays an important role in how students access and use ICTs
(Pedro, 2007).

These observations represent a challenge for policy makers, given that
they document that differences in frequency and use of ICT are related to
socio-economic status (ESCS) and gender. Regarding socio-economic status,
a possible consequence might be what has been called the “Matthew effect”
(Merton, 1968): those who already possess good cultural capital reinforce it
through technology-related practices; those who either do not have access to
technology or lack cultural technology will fall behind. In the long run these
differences may increase. Therefore, ICT in schools may still play an impor-
tant role in increasing the digital capacity and familiarity of students from
less advantaged households. There is also a gender issue. As shown, different
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profiles are dominated by different genders. Digi-wired is the profile with
male dominance and a higher than average score of ESCS; analogue and digi-
educational are female-dominated and have lower than average ESCS scores.
However, digi-casual is a profile with slightly more females than males and a
higher than average score of ESCS. The reason for these differences remains
unclear and will be further discussed below.

Self-confidence in ICT high-level tasks and student profiles

PISA 2003 provided information on how well students felt they could
perform different tasks with a computer, ranging from routine tasks, high-
level tasks and Internet tasks (OECD, 2006). PISA 2006 included a set of sim-
ilar questions, updated owing to changes in technology.® Questions that give
information on self-confidence in ICT high-level tasks and Internet tasks and
how this relates to the set of profiles are used here. The results are presented
in Table 3.9. Positive values on this index indicate high self-confidence.’

Table 3.9. Average index of self-confidence for ICT high-level tasks
related to student profiles

Profiles Analogue  Digi-educational  Digi-casual Digi-sporadic Digi-wired Digi-zapper

OECD -0.67 0.18 -1 .22 0.24 0.81

The results show that digi-wired, digi-sporadic, digi-zapper and digi-
educational have self-confidence for carrying out high-level ICT tasks.
Digi-casual and analogue do not. The results show that an increased level of
self-confidence in ICT high-level tasks is related to a higher level of leisure
use (in all three leisure categories) and a higher level of educational use (in
all three educational categories).

One explanation may be that greater use of ICT (and especially educa-
tional use) supports students’ self-confidence for ICT high-level tasks. These
findings may suggest that students find higher levels of educational and of
leisure use relevant to their self-confidence in carrying out high-level ICT
tasks.

Self-confidence in Internet tasks

Students were also asked about how they perceived their own use of
Internet-related activities (OECD, 2007, p. 342). Self-confidence in Internet
tasks relates to questions such as chatting on line, searching the Internet for
information, downloading files or programmes, attaching a file to an e-mail
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message, downloading music and writing e-mails. The results are presented
in Table 3.10, and positive values indicate high self-confidence.’

The results show that the digi-wired, digi-casual, digi-sporadic and digi-
zapper have self-confidence in approaching ICT Internet tasks. Digi-educational
and analogue do not.

It seems that an increased level of self-confidence in ICT Internet tasks

Table 3.10. Average index of self-confidence in ICT Internet tasks
related to student profiles

Profiles Analogue  Digi-educational  Digi-casual Digi-sporadic Digi-wired Digi-zapper
OECD -0.79 -0.65 0.25 0.03 0.52 0.28

is related to greater leisure use (within all three leisure categories) and less
educational use (within the frequent leisure and monthly leisure categories).
One reason may be an overlap between leisure use and ICT Internet tasks.
Consequently, greater leisure use of ICTs may boost students’ self-confidence
as regards ICT Internet tasks. These findings might indicate that students
find leisure use more relevant than educational use for ICT Internet tasks.
Other studies report similar findings (Arnseth ef al., 2007; Lenhart et al.,
2008).

Performance in science and students’ profiles

In addition to a more nuanced picture of ICT user profiles, this section
aims at shedding some light on the implications of these profiles for educa-
tional performance. It presents the scores of the different profiles and sug-
gests a number of correlations between ICT use and educational performance
that will be explored in more detail in Chapter 4.

Science performance was central to PISA 2006. This background cat-
egory was included in the set of profiles and its relation to each profile was
explored. PISA’s approach was: “[the] science scale was constructed to have
a mean score among OECD countries of 500 points, with about two-thirds
of students across OECD countries scoring between 400 and 600 points”
(OECD, 2007, p. 43). The average grades in science for each profile are pre-
sented in Table 3.11.

In PISA 2006 student scores “in science are grouped into six proficiency
levels, with level 6 representing the highest scores (and hence the most diffi-
cult tasks) and level 1 the lowest scores (and hence the easiest tasks)” (OECD,
2007, p. 44). digi-wired, digi-casual, digi-sporadic and analogue have a level
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Table 3.11. Average index score of performances in science in each student profiles

(weighted with BRR)
Profiles Analogue  Digi-educational  Digi-casual Digi-sporadic Digi-wired Digi-zapper
OECD 511.093 474142 521.785 495.559 518.408 457.579

3 (range from 484 to 558) score in science. Digi-sporadic is in the lower part
of level 3, with an almost 0.27 standard deviation below digi-casual and an
almost 0.23 standard deviation below digi-wired.

The results show that digi-wired and digi-casual achieved the high-
est results in science and digi-educational and digi-zapper the lowest. The
largest differences are found between rare educational users and frequent
educational users. For example the average score for digi-wired differs by a
0.60 standard deviation from the average score of digi-zappers, and by a 0.44
standard deviation from the average score of digi-educationals. The average
score for digi-casuals differs by a 0.63 standard deviation from the average
score of digi-zappers and by a 0.47 standard deviation from the average score
of digi-educationals.

However, there is quite a consistent pattern among students in all leisure
categories: higher performance in science is related to lower educational use
of computers. One explanation may be that science performance is measured
through paper-and-pencil examinations and that educational use of ICT is
not a part of how students are assessed. Another explanation might be that
the use of ICT for learning purposes in science is still rare, even in countries
where the spread of computers and broadband in schools is well documented
(Arnseth ef al., 2007). Moreover, all these findings must be interpreted with
care, as the relation between ICT use profiles and educational performance
may hide underlying socio-economic factors that may affect performance
results. These aspects are explored in more detail in Chapter 4.

Implications for practice

The set of profiles presented here were developed in order to present a
nuanced picture of different types of activities and frequencies of use among
15-year-old students based on data from the PISA and ICT 2006 question-
naire. However, developing profiles presents some obstacles. First, student
profiles cannot fully explain all of the nuances and variations in the student
sample. It may be difficult to find clear and consistent profiles that are stable
over time, since students’ use of ICT is changing rapidly. Moreover, there are
limitations owing to how the data are collected. A survey (without follow-up)
does not provide longitudinal data, but it gives a glimpse of students’ patterns
of use over a certain period of time. Nevertheless, the development of profiles
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represents a fruitful approach towards identifying some categories of typical
or non-typical groups of students and their use of ICT.

Profiles might be developed differently by using various methods and
theoretical approaches. The approach adopted here relies on a separation
between “leisure use” and “educational use” of ICT in order to grasp differ-
ences in ICT use among students and on differences in frequencies of use.
As mentioned, this mainly artificial separation is a tool for developing the
profiles. The profiles are analysed using information on distribution, gender
differences, index of socio-cultural status (ESCS), performance in science,
self-confidence in carrying out ICT high-level tasks and self-confidence in
carrying out ICT Internet tasks. The profiles are considered robust, as they
undergone several control tests; these are described in detail in Annex B.

The six profiles help give a better picture of the new millennium learn-
ers and their attitudes towards and activities related to ICT; they are briefly
summarised in Table 3.12. As has been shown, the picture is quite nuanced.
The focus on six profiles has made it possible to move from the dichotomy of
the “male gamer” and the “female communicator” to a more complex picture
of a range of different user profiles with varying relations to gender, to ESCS
and to academic performance in science. These findings may have implica-
tions for future policy making on education and ICT as well as for research.
It is necessary to look more closely at how students use ICT for educational
purposes.

The results indicate certain differences between males and females in
their use of ICTs. First, it seems that males more often report frequent leisure
use of technology. They tend to dominate the “almost every day” or “once or
twice a week” reported usage. As noted, this is in line with previous findings.
Females’ use of technology appears to be more oriented towards educational
purposes. Moreover, females dominate “the rare leisure” category, and there
are slightly more females than males among digi-sporadics.

The results show that the level of socio-economic background (ESCS)
increases as levels of leisure use increase, and levels of ESCS decrease as
levels of educational use decrease. It is slightly surprising that digi-wired,
digi-casual and analogue score a higher level of ESCS than digi-zapper. The
observation that ESCS is positively related to leisure use and not to educa-
tional use would benefit from further study. Moreover, as mentioned, this
may be related to an emerging digital divide in terms of attitudes and patterns
of ICT use, and this too would benefit from further research.

The findings do not show any consistent patterns in terms of leisure use.
However, the results show that higher levels of performance in science are
related to lower levels of educational use of computers. This is rather surpris-
ing, but may be due to the lack of ICT-based assessments in schools. Science
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education and examinations are rather traditional, and educational software
and educational use of programmes do not seem common in science (accord-
ing to students’ experience in 2006). However, as noted, this may be due to
a lack of use of ICT for learning purposes, even in countries well equipped
with computers and broadband (Arnseth et al., 2007).

As for the level of self-confidence in ICT high-level tasks and in ICT
Internet tasks, both leisure use and educational use are important for devel-
oping self-confidence in carrying out high-level ICT tasks, although that
leisure use is more important than educational use. Results also show that

Table 3.12. Summarising findings about six important students’ profiles

Rare educational Monthly educational Frequent educational
Frequent leisure  Digi-wired (19.7%) Digi-zapper (6.9%)
+ Male-dominated + Male-dominated
* Positive ESCS + Negative ESCS
* Medium level 3 score in * Level 2 score in science
science + Positive self-confidence
* Positive self-confidence Internet tasks
Internet tasks + Positive self-confidence
+ Positive self-confidence high-level tasks

high-level tasks

Monthly leisure  Digi-casual (18.6%) Digi-sporadic (3.9%)
+ Slightly more females than « Slightly more females than
males males
* Positive ESCS + Negative ESCS
+ Medium level 3scorein  + Low level 3 score in
science science
+ Positive self-confidence  + Moderate self-confidence
Internet tasks Internet tasks
* Negative self-confidence  + Positive self-confidence
high-level tasks high-level tasks
Rare leisure Analogue (37.7%) Digi-educational (1.5%)
+ Female-dominated + Female-dominated
* Negative ESCS + Negative ESCS
* Medium level 3 score in + Level 2 score in science
science + Negative self-confidence
* Negative self-confidence Internet tasks
Internet tasks + Positive self-confidence
* Negative self-confidence high-level tasks

high-level tasks
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leisure use is more relevant than educational use for self-confidence in ICT
Internet tasks.

In sum, the set of profiles shows that students’ uses of computers relate to
their socio-economic status (ESCS) and gender. Differences in uses and prefer-
ences appear linked to academic performance in science. While both girls and
boys use computers for leisure and educational purposes, the analogue profile is
female-dominated and the digi-wired profile is male-dominated in most OECD
countries. The digi-wired profile points to higher than average ESCS scores,
higher than average grades in science and positive self-confidence in ICT high-
level tasks and Internet tasks. Both analogue and digi-educational are female-
dominated profiles, with lower than average ESCS score and self-confidence
in ICT Internet tasks. Analogues have slightly weaker performance in science
than digi-wired and below average self-confidence in ICT Internet tasks.
Digi-educationals perform below average in science, but their self-confidence
in ICT high-level tasks is above average. However, the picture is complex, as
digi-casuals are slightly female-dominated, but have a positive socio-economic
status, good performance in science and confidence in high-level ICT tasks.
Nonetheless, these differences indicate that the digi-wired appear better pre-
pared for future studies and for participation in a digital society.

The findings suggest that a digital divide still exists between girls and
boys with regard to their leisure use of computers. It would appear to be
important to help both female and male analogues increase their use of com-
puters. Moreover, students who report rare or no use of computers lag behind
students with the other profiles. This may indicate a digital divide that can be
related to frequency of leisure use of ICT and thus the challenges to schools
to avoid a new digital divide that is due to the situation of parents and/or
gender background variables. However, all students should not be encouraged
to become digi-zappers.

It would have been interesting to have longitudinal data in order to follow
the students over the years and throughout various ICT-related activities.
Future research would benefit from exploring how students are using ICT
in their learning process for educational purposes and the implications of
ICT use for practice and performance. It would also be important to explore
the relation between ICT use and self-confidence in ICT (high-level tasks
and Internet). There are two relevant research questions: How can increased
educational or leisure use have a positive impact on self-confidence relating
to ICT? Do students with high levels of self-confidence benefit from their
self-confidence as they move on (e.g. into high school)?
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ICT use and attitudes to science

Is there a clear link between students’ intensity and type of use of infor-
mation technology and their attitude towards science? One might expect
some degree of association as students using ICT might have certain personal
characteristics, such as curiosity, that could trigger an interest in science.
Following the general approach towards a profile of student engagement in
science (OECD, 2007, Chapter 3), this section looks at various indices of atti-
tudes towards science and how they change with the frequency of computer
use at home and at school. The role potentially played by some specific uses
of ICT relating to the use of the Internet in students’ attitudes towards science
is also examined.

In order to place this relation in a more holistic framework, a number of
variables that may affect the sign and strength of the relations, and therefore
need to be controlled for, are taken into account. These variables are gender
and socio-economic status and an immigrant background.

The effect of gender and socio-economic status on the use of ICT is
explored in previous sections and may also play an important role in students’
attitudes towards science. For gender, previous research on ICT, gender and
education has unveiled some differences (Faulkner, 2007, Lenhart et al.,
2007; Meelissen, 2008; OECD, 2008; Pedro, 2007; Temte, 2008). Gender
differences — in terms of attitudes, time spent, frequency and pattern of ICT
use — have often been offered as possible explanations for why girls are less
inclined than boys to choose education in computing or become ICT profes-
sionals (Beavis, 2007; Meelissen, 2008; Montagnier and Van Welsum, 2007).
Moreover, environmental and social factors which have been used to explain
gender-related views of ICT may also be relevant. For example, gender differ-
ences in attitudes may be linked to cultural stereotypes (Vekiri and Chronaki,
2008). Gender characteristics may thus provide an opportunity to see how
ICT use affects male and female attitudes to science in different ways. It is
also interesting to learn about the level of use of ICT among students from
households which speak a language different from that of instruction and to
see whether this has repercussions on their attitudes towards science.

Methodology

For the sake of simplicity, frequency of use is split into two categories:
“almost every day” and “other”. The latter includes “a few times each week”,
“between once a week and once a month”, “less than once a month” and
“never”.

Attitude towards science is captured through a series of nine indices, cal-
culated on the basis of nine sets of questions (OECD, 2007, Chapter 3). Three
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of the nine indices are used to explain attitudes towards science. They are
chosen because they are distinct and reflect a gradation in terms of attitudes
towards science from broad and general to personal interest and involvement.
These three indices are: general value of science (GVS), general interest in
science (GIS) and science-related activities (SRA)

For each of these indices, the variation in the value of the index due to
an increase in the frequency of computer use is analysed. Variation at the
country level is broken down according to the three characteristics of the stu-
dents mentioned above: whether they belong to the highest or lowest quarter
of the index of economic, social and cultural status (ESCS), their gender, and
immigrant background.

Results

This section presents the main findings on how the indices vary accord-
ing to the use of computers at home, use of computers in school, and different
Internet-related computer uses.

Use of computer at home

Index 1: general value of science (GVS)

For the ESCS index at country level, higher frequency of computer use at
home increases the GVS index in all countries but Korea. However, among
students from more advantaged socio-economic backgrounds, the effect is
positive in four countries out of five, but it is negative in Finland, Korea,
Norway and Turkey, and has almost no effect in the Slovak Republic. Among
students from less advantaged socio-economic backgrounds, the effect is
also positive in a large majority of countries, and it is negative in Germany,
Greece, the Slovak Republic, Sweden and Turkey.

As Figure 3.6. shows, the frequency effect (higher frequency of computer
use) is positive among men students in all countries except Korea, where it
has no effect. Among female students, the frequency effect is also positive in
all but six countries.

Among students with an immigrant background, frequency of computer
use has a negative effect in only five countries. For students that do not have
an immigrant background, higher frequency of computer use has a negative
effect only in Korea.
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Index 5: general interest in science (GIS)

In a majority of OECD countries, the higher the frequency of computer
use, the higher the GIS index. The reverse is found in nine countries, but the
effect is only very slightly negative in seven of these.

As in the case of the general value of science, students from higher socio-
economic backgrounds in OECD countries tend to have a higher GIS index
(see also OECD 2007, Chapter 3), as Table 3.13 shows. ngher frequency
has a positive effect among students from less advantaged socio-economic
backgrounds in 13 countries and a negative effect in 11. By contrast, among
students from more advantaged socio-economic backgrounds, the effect
is predominantly negative except in five countries. In Sweden and Korea,

Figure 3.6. Use of computer at home and general value of science
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higher frequency of computer use gives a lower level of GIS for students
from both more and less advantaged socio-economic backgrounds, as well
as overall.

At the country level, it has been emphasised that the reported level of GIS
seems to be similar for male and females in most reporting countries (OECD
2007, Chapter 3). As for the previous index, the frequency of computer use
has a positive effect on the GIS for male students in most OECD countries but
in only ten countries for female students.

Table 3.13. Use of computer at home and general interest in science

Q4 Q1 ALL
Australia -0.012 0.047 0.083
Austria -0.141 0.055 0.060
Belgium -0.151 0.008 -0.006
Canada -0.169 0.036 0.053
Czech Republic -0.018 0.062 0.056
Denmark 0.011 -0.086 0.006
Finland -0.190 -0.043 -0.032
France . . .
Germany -0.070 0.015 -0.017
Greece -0.020 0.140 0.125
Hungary -0.100 0.016 0.001
Iceland -0.093 -0.016 0.063
Ireland 0.049 0.147 0.161
Italy -0.014 0.054 0.067
Japan 0.079 0112 0.155
Korea -0.162 -0.171 -0.215
Luxembourg
Mexico . . .
Netherlands -0.174 -0.019 -0.034
New Zealand -0.020 -0.046 0.037
Norway -0.050 0.030 0.064
Poland -0.058 -0.047 -0.012
Portugal 0.008 0.096 0.094
Slovak Republic -0.036 -0.047 0.028
Spain 0.047 -0.083 0.011
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Table 3.13. Use of computer at home and general interest in science

(continued)

Q4 Q1 ALL
Sweden -0.249 -0.130 -0.131
Switzerland -0.101 0.006 -0.009
Turkey -0.071 -0.134 -0.005
United Kingdom
United States . . .
OECD average -0.068 0.000 0.024

StatLink =P http://dx.doi.org/10.1787/812471465566

Q4 refers to the students who belong to the highest quartile of the Economic,
Social and Cultural Status (ESCS) index and QI to those who belong to the
lowest quartile. In the case of Australia, the difference between high fre-
quency use of a computer at home (almost every day) and a low frequency
(other) mirrors a decrease of the value of the General Interest in Science
(GIS) index for students of Q4 (-0.012). The same difference mirrors,
by contrast, an increase of the GIS index for students who belong to QI
(0.047)3, and similarly an increase for all students together (0.083).

The effects of frequency of computer use for students with an immigrant
background vary among countries. In Austria, Iceland, Japan, Norway and
Sweden, it is positive. In Austria, Iceland and Japan, the effect is positive for stu-
dents without an immigrant background. Finally, in Australia, Germany, Ireland,
the Netherlands, New Zealand, Poland and the Slovak Republic, the situation is
relatively symmetrical: higher frequency of computer use has a negative effect on
students with an immigrant background, and a positive one on the other students.

Only a minority of students reported that they engaged regularly in
science-related activities. It has been observed that student’s socio-economic
background is strongly associated with engagement in science-related activities
(OECD 2007, Chapter 3). Overall, higher frequency of computer use at home
is linked to increased engagement in science-related activities in almost all
OECD countries. This positive effect is observed for students from less advan-
taged socio-economic backgrounds in almost two-thirds of countries. Among
students from more advantaged socio-economic backgrounds, the effect is bal-
anced between a negative and a positive effect in an equal number of countries.

Stronger engagement in science-related activities linked to higher fre-
quency of computer use at home is observed for male students in a much
larger number of countries than for female students (Table 3.14).

Among students with an immigrant background, the effect is relatively
balanced between countries where it is negative and countries where it is
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positive. For native-born students, the effect is positive in a large majority of
countries. Overall, the effect appears positive in more countries for native-
born students than for students with an immigrant background.

Table 3.14. Use of computer at home and science-related activities

Q4 Q1 (Q4-Q1) ALL

Australia -0.263 -0.095 -0.168 0.039
Austria -0.184 -0.040 -0.144 0.048
Belgium 0.002 0.001 0.001 -0.053
Canada 0.040 0.048 -0.008 0.015
Czech Republic -0.123 0.010 -0.133 0.005
Denmark . . . 0.037
Finland 0.074 0.002 0.072 -0.041
France 0.132 0.217 -0.085 .
Germany -0.061 0.042 -0.103 0.038
Greece 0.066 0.037 0.029 0.208
Hungary 0.182 0.146 0.036 0.027
Iceland 0.105 0.163 -0.058 0.108
Ireland 0.250 0131 0.119 0.267
Italy -0.117 -0.183 0.066 0.197
Japan .. . . 0.274
Korea . . . -0.190
Luxembourg -0.079 0.072 -0.151

Mexico 0.128 -0.008 0.136 .
Netherlands -0.142 -0.028 -0.114 0.027
New Zealand -0.083 0.033 -0.116 0.113
Norway 0.040 0.010 0.030 0.018
Poland -0.057 0.057 -0.114 0.027
Portugal 0.081 -0.026 0.107 0.096
Slovak Republic -0.004 -0.092 0.088 0.013
Spain -0.028 -0.043 0.015 0.040
Sweden 0.039 0.088 -0.049 0.026
Switzerland . . . -0.021
Turkey . . . 0.107
United Kingdom -0.147 0.567 -0.714

United States .. . .. .
OECD average -0.009 0.013 -0.022 0.057

StatLink Sw=P http://dx.doi.org/10.1787/812504078375

Q4 refers to the students who belong to the highest quartile of the Economic, Social
and Cultural Status (ESCS) index and Q1 to those who belong to the lowest quartile.
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Index 9: science-related activities (SRA)

As for computer use at home, the variation of the value of the index due
to an increase in the frequency of computer use at school is analysed.

Use of computer at school

Index 1: general value of science (GVS)

An increase in the frequency of computer use at school tends to increase
the GVS index in a majority of countries; in about one-third, the effect is
negative (Table 3.15). For use at home this was only the case for Korea.
Among students from less advantaged socio-economic backgrounds, the
effect is positive in about two-thirds of the countries. The balance between
the number of countries in which the effect is negative and those in which the
effect is positive is more or less the same for students from more advantaged
socio-economic backgrounds.

There are several noteworthy findings:

* In Finland, Ireland, Spain and Switzerland, increased frequency has
a positive effect on students from more advantaged socio-economic
backgrounds and a negative effect on those from less advantaged
backgrounds. In these countries, regular use of a computer within
the school system seems to amplify the divergence between students
from more and less advantaged socio-economic backgrounds as GVS
becomes even more negative for the latter as the frequency of compu-
ter use at school increases.

* In Canada, the Czech Republic, New Zealand, Poland and the Slovak
Republic, the opposite situation is found. More frequent use of a com-
puter at school tends to raise the GVS index among students from
less advantaged socio-economic backgrounds, while decreasing it
among students from more advantaged socio-economic backgrounds.

* In Australia, Austria, Japan and Korea, increased frequency of com-
puter use at school increased the GVS among students both from
more and less advantaged socio-economic backgrounds, but rela-
tively more for the latter.

* In Denmark, Germany, Portugal and Sweden, the situation is similar,
but the increase is relatively more important among students from a
more advantaged socio-economic background.

Socio-economic background does not have an effect on students” GVS when
they use a computer at school, in contrast to their use of a computer at home.
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Table 3.15. Use of computer at school and general value of science

Q4 Q1 ALL
Australia 0.093 0.130 0.134
Austria 0.021 0.034 -0.008
Belgium -0.010 -0.134 -0.106
Canada -0.051 0.054 0.036
Czech Republic -0.044 0.155 0.119
Denmark 0.039 0.012 0.019
Finland 0.374 -0.266 -0.041
France
Germany 0.593 0.261 0.140
Greece 0.066 -0.097 -0.055
Hungary 0.043 -0.012 0.034
Iceland 0.196 -0.241 0.063
Ireland 011 -0.261 -0.034
Italy -0.271 -0.109 -0.242
Japan 0.082 0.297 -0.028
Korea 0.033 0.150 0.116
Luxembourg
Mexico
Netherlands 0.036 -0.029 0.033
New Zealand -0.027 0.040 -0.006
Norway 0.035 -0.072 0.043
Poland -0.143 0.115 -0.030
Portugal 0.242 0.110 0.068
Slovak Republic -0.071 0.064 -0.010
Spain 0.154 -0.099 0.042
Sweden 0.170 0.039 0.186
Switzerland 0.242 -0.364 0.086
Turkey 0.377 0.000 0.009
United Kingdom
United States
OECD average 0.092 -0.009 0.023

StatLink S=P http://dx.doi.org/10.1787/812528785105

Q4 refers to the students who belong to the highest quartile of the
Economic, Social and Cultural Status (ESCS) index and Q1 to those who
belong to the lowest quartile.
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Unlike the use of a computer at home, increased frequency of use of a
computer at school does not have an overall positive impact in all countries.
There is a balance between countries in which the effect is positive and those
in which it is negative. For the use of a computer at home, the effect is almost
systematically positive for male students, but at school, it is positive only in
Canada, Japan, Korea, Norway, Sweden and Switzerland. In about one-third
of countries, frequent use of a computer in the school system seems to have
a positive impact for the GVS index of female students. Higher frequency of
computer use affects the GVS index positively or negatively an equal number
of countries.

Index 5: general interest in science (GIS)

As for computer use at home, increased frequency of computer use
at school generally has a positive effect on the GIS at the country level
(Table 3.16). It has a positive effect relatively more among students from
more advantaged socio-economic backgrounds. The effect among students
from less advantaged socio-economic backgrounds is positive in 12 countries
and negative in 13; among students from more advantaged socio-economic
backgrounds, it is positive in 15 and negative in 10. Higher frequency of com-
puter use at school, as opposed to home, seems to influence the GIS index of
students from more advantaged socio-economic backgrounds more positively.
For home use, the positive effect on the GIS index was greater for students
from less advantaged socio-economic backgrounds.

With respect to gender and immigrant background, the effect of an
increase in the frequency of computer use at school seems to be equally
divided between countries where it is negative and where it is positive.

Index 9: Science-related activities (SRA)

Higher frequency of computer use at school, as for computer use at
home, has an overall positive impact on the SRA index in most countries
(Table 3.17). This is the case in a slightly greater number of countries for
students from less advantaged socio-economic backgrounds than for students
from more advantaged socio-economic backgrounds.

Overall, more frequent computer use at school has a positive effect
among male students in all countries but two and among female students in
all countries but six.

Higher frequency has a positive effect in a majority of countries both for
students with an immigration background and for those without. However, it
seems to have a negative effect for students with an immigration background
in a greater number of countries.
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Table 3.16. Use of computer at school and general interest in science

Q4 Q1 ALL
Australia -0.012 -0.011 0.037
Austria 0.095 0.124 0.059
Belgium -0.287 -0.146 -0.298
Canada -0.012 0.027 0.038
Czech Republic -0.145 0173 0.015
Denmark -0.100 -0.103 -0.066
Finland 0.245 0.048 0.004
France 0.000 0.000 0.000
Germany -0.029 0.244 -0.021
Greece 0.027 -0.130 0.009
Hungary 0.217 0.139 0.112
Iceland 0.002 -0.101 0.013
Ireland 0.001 -0.253 -0.015
Italy -0.204 -0.207 -0.196
Japan -0.032 0.362 0.070
Korea 0.142 0.014 0.051
Luxembourg 0.000 0.000 0.000
Mexico 0.000 0.000 0.000
Netherlands -0.061 -0.033 -0.039
New Zealand -0.116 0.108 0.022
Norway 0.048 -0.056 0.036
Poland 0.104 0.020 0.162
Portugal 0.155 0.073 0.015
Slovak Republic 0.041 0.132 0.034
Spain 0.189 -0.010 0.004
Sweden 0.155 -0.159 0.125
Switzerland 0.153 -0.146 0.042
Turkey 0.299 -0.196 0.079
United Kingdom 0.000 0.000 0.000
United States 0.000 0.000 0.000
OECD average 0.035 -0.003 0.012

StatlLink SwsP http://dx.doi.org/10.1787/812542666830

Q4 refers to the students who belong to the highest quartile of the Economic,
Social and Cultural Status (ESCS) index and Q1 to those who belong to the
lowest quartile.
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Table 3.17. Use of Internet at school and science-related activities

Q4 Q1 ALL
Australia 0.097 0.202 0.154
Austria -0.022 0.030 -0.026
Belgium -0.082 0.014 -0.179
Canada 0.135 0.017 0.124
Czech Republic -0.018 0.162 0.091
Denmark -0.111 0.047 -0.004
Finland 0.527 0.125 0.158
France 0.000 0.000 0.000
Germany -0.006 0.340 0.125
Greece 0.196 0.095 0.142
Hungary 0.139 0.231 0.105
Iceland 0.203 0.168 0.148
Ireland 0.056 -0.025 0.060
Italy 0.077 -0.091 -0.064
Japan 0.000 0.269 0.069
Korea 0.032 0.078 0.061
Luxembourg 0.000 0.000 0.000
Mexico 0.000 0.000 0.000
Netherlands 0.097 0.128 0.104
New Zealand -0.036 0.118 0.047
Norway 0.267 0.135 0.178
Poland 0.374 0.134 0.292
Portugal 0.365 0.052 0.067
Slovak Republic 0.056 0.255 0.158
Spain 0.121 0.118 0.115
Sweden 0.134 0.139 0.227
Switzerland 0.341 0.211 0.345
Turkey 0.515 -0.265 0.039
United Kingdom 0.000 0.000 0.000
United States 0.000 0.000 0.000
OECD average 0.138 0.107 0.101

StatLink Sir=P http:/dx.doi.org/10.1787/812634652208

Q4 refers to the students who belong to the highest quartile of the Economic,
Social and Cultural Status (ESCS) index and QI to those who belong to the
lowest quartile.
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Selected Internet activities

Four Internet activities were selected. One, rather general, was “browse
the Internet”. The second, participative in nature, was “collaborate on the
Internet”. The third, leisure-oriented, is “play games”. The last, work- and
ICT-skills-oriented, was “write programmes”. As for use of a computer at
home and at school, for each of those activities, frequency was broken down
between high (almost every day) and low (a few times each week, between
once a week and once a month, less than once a month, and never). The effect
of the activity on indices of attitude towards science is measured by looking
at the variation of the index between high and low frequency. For the activi-
ties, this variation was observed for the index of economic, social and cultural
status (ESCS) and gender. Immigration background was omitted.

Index 1: general value of science (GVS)

Overall, for the four selected Internet activities, higher frequency of use
has a slight negative effect on the GVS index in about two-thirds of countries.
There is a slight positive effect in the remaining third. However, the two
groups are not the same for each of the four activities.

Playing games is the only activity for which a negative effect appears in
a larger number of countries for students from less advantaged backgrounds
than for students from more advantaged backgrounds. Symmetrically, this is
also the only of the four activities for which a positive effect is found in more
countries for students from more advantaged backgrounds than for students
from less advantaged backgrounds.

The situation therefore differs from the use of a computer at home, where
higher frequency has a positive effect for students from both less and more
advantaged backgrounds: higher frequency of Internet activities seems to
have an overall negative effect on the index.

High frequency of browsing the Internet (Table 3.18) and writing pro-
grammes has a negative effect on the GVS for female students in a significantly
larger number of countries than for male students. For male students, the effect
is positive in a significantly larger number of countries than for female students.

For collaboration on Internet and playing games, the negative and posi-
tive effects seem to be balanced between similar numbers of countries.

Index 5: general interest in science (GIS)

Overall, the frequency of computer use for the selected activities has
a negative effect on the GIS index for a majority of OECD countries. The
negative effect seems to be stronger for female than for male students and
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Table 3.18. Browsing the Internet and general value of science

Q4 Q1 ALL
Australia -0.006 0.008 -0.005
Austria 0.064 -0.017 0.035
Belgium -0.016 -0.079 -0.016
Canada -0.045 -0.075 0.004
Czech Republic -0.127 0.017 0.001
Denmark -0.020 -0.070 0.003
Finland 0.074 -0.106 -0.031
France 0.003 -0.090 -0.006
Germany 0.125 0.013 0.027
Greece -0.006 0.023 -0.031
Hungary -0.181 -0.030 -0.051
Iceland -0.213 0.181 -0.053
Ireland 0.025 0.080 0.002
Italy -0.040 0.034 0.018
Japan -0.068 -0.011 -0.016
Korea 0.019 -0.013 0.045
Luxembourg -0.060 -0.088 -0.036
Mexico -0.004 0.000 -0.041
Netherlands -0.036 -0.045 -0.036
New Zealand -0.040 -0.190 -0.071
Norway 0.043 -0.086 0.026
Poland -0.026 0.019 -0.013
Portugal -0.038 -0.042 -0.015
Slovak Republic 0.023 -0.066 0.006
Spain -0.061 0.075 -0.015
Sweden 0.012 0.184 0.036
Switzerland 0.063 0.015 0.012
Turkey -0.182 -0.028 -0.056
United Kingdom -0.102 0.126 -0.001
United States 0.017 -0.085 0.030
Average OECD -0.027 -0.012 -0.008

StatLink = http://dx.doi.org/10.1787/812653128707

Q4 refers to the students who belong to the highest quartile of the Economic, Social
and Cultural Status (ESCS) index and Q1 to those who belong to the lowest quartile.
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stronger for students from more advantaged backgrounds than for those from
less advantaged backgrounds.

The activity “browse the Internet” shows the biggest gap between the
positive and negative effects of frequent use (Table 3.19). There are 19 coun-
tries in which the effect is negative and only 11 countries in which it is posi-
tive. The negative effect is more important for female than for male students.

“Playing games” shows a negative effect for 16 out of 30 countries. The
effect is balanced between female and male students and is slightly more
negative for students from advantaged backgrounds. The most striking effect
concerns students from less advantaged backgrounds, with a negative effect
on the GIS index in 20 countries.

Collaborating on the Internet and writing programmes, which are strongly
work-oriented activities, do not show any positive effect, as might be expected.
The overall effect is balanced for “collaborating on the Internet”, with more
countries showing negative effects in the female student population and in stu-
dents from a advantaged background. The “writing programme” activity has the
most balanced pattern, especially in terms of the socio-economic background of
students, as the positive and negative effects are found in 15 countries.

Index 9: Science-related activities (SRA)

For each of the four selected activities, higher frequency of computer use
has a negative effect on the SRA index in a strong majority of countries, though
the effect is smaller for “playing games”. For playing games, higher frequency
has a negative effect for students from less advantaged backgrounds in a larger
number of countries than for students from more advantaged backgrounds.

The reverse is true for writing programmes: higher frequency has a nega-
tive effect on the SRA index for students from less advantaged backgrounds
in a smaller number of countries than for students from more advantaged
backgrounds.

For female and male students, the effect of higher frequency of playing
games does not seem clear-cut. However, higher frequency of collaboration
on the Internet and of writing programmes has a negative effect on the SRA
index in a much larger number of countries for male students than for female
students, and a positive effect in a much smaller number of countries for male
students than for female students. Overall, for both activities, the effect seems
more positive for female than for male students. Higher frequency of brows-
ing the Internet seems to have a slightly higher negative effect on female
students than on male students (Table 3.20).
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Table 3.19. Browsing the Internet and general interest in science

Q4 Q1 ALL
Australia 0.020 -0.054 -0.002
Austria -0.008 0.086 0.015
Belgium -0.099 -0.047 -0.031
Canada 0.004 -0.088 -0.011
Czech Republic 0.024 0.085 0.026
Denmark 0.041 0.070 0.020
Finland -0.003 -0.046 -0.038
France 0.007 0.013 0.009
Germany -0.071 -0.050 -0.023
Greece -0.074 -0.023 -0.012
Hungary -0.022 -0.002 -0.026
Iceland -0.318 0.232 -0.073
Ireland 0.005 0.053 0.023
Italy -0.069 -0.055 -0.047
Japan -0.132 -0.010 -0.035
Korea -0.073 -0.004 0.034
Luxembourg 0.034 0.030 0.040
Mexico -0.051 0.091 0.026
Netherlands 0.041 -0.154 -0.059
New Zealand -0.039 -0.181 -0.044
Norway 0.160 0.002 0.063
Poland -0.064 -0.017 -0.092
Portugal -0.051 -0.079 -0.029
Slovak Republic 0.071 0.007 -0.003
Spain 0.036 -0.025 -0.028
Sweden -0.018 0.139 -0.024
Switzerland -0.008 -0.064 -0.027
Turkey -0.041 -0.100 -0.005
United Kingdom -0.049 0.065 0.018
United States -0.158 0.263 0.193
Average OECD -0.030 0.005 -0.005

StatLink Sw=P http://dx.doi.org/10.1787/812682082167

Q4 refers to the students who belong to the highest quartile of the
Economic, Social and Cultural Status (ESCS) index and Q1 to those
who belong to the lowest quartile.
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Table 3.20. Browsing the Internet and science-related activities

Q4 Q1 ALL
Australia 0.001 -0.074 -0.050
Austria 0.038 -0.044 -0.014
Belgium -0.096 -0.075 -0.033
Canada 0.022 0.006 -0.002
Czech Republic -0.043 0.149 -0.002
Denmark 0.102 0.026 0.055
Finland 0.120 -0.073 0.010
France 0.050 0.129 0.052
Germany 0.014 -0.031 0.033
Greece -0.097 0.068 -0.041
Hungary 0.032 -0.064 0.023
Iceland -0.168 0.169 0.034
Ireland 0.012 0.155 0.015
Italy -0.022 0.027 -0.014
Japan -0.043 -0.010 -0.021
Korea -0.145 0.037 -0.012
Luxembourg 0.027 0.029 0.060
Mexico -0.066 0.069 0.020
Netherlands -0.008 -0.129 -0.047
New Zealand 0.136 -0.148 -0.005
Norway 0111 -0.103 -0.006
Poland -0.095 -0.009 -0.081
Portugal -0.089 -0.091 -0.038
Slovak Republic 0.045 -0.079 0.014
Spain -0.087 -0.093 -0.049
Sweden -0.044 0.063 -0.047
Switzerland 0.101 -0.069 0.012
Turkey -0.019 -0.143 -0.055
United Kingdom -0.003 -0.053 -0.025
United States -0.053 -0.042 0.086
Average OECD -0.009 -0.013 -0.004

StatLink SwsP http://dx.doi.org/10.1787/812684100055

Q4 refers to the students who belong to the highest quartile of the Economic, Social
and Cultural Status (ESCS) index and QI to those who belong to the lowest quartile.
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Summing up

There seems to be no clear strong positive link between the intensity and
the way students use ICT and their attitude towards science, except for the
use of a computer at home and to a lesser extent at school for science-related
activities.

Increased frequency of use of a computer at home has an increasing,
i.e. positive, effect on two of the indices of the attitude towards science,
GVS and SRA. For GIS the effect is also positive but in a smaller number of
countries.

For all the indices, the number of countries in which the effect is positive
for students from a less advantaged socio-economic background is always
greater or equal to the number of countries where the effect is positive for
students from a more advantaged socio-economic background.

For all the indices the effect is positive in a large majority of countries for
male students and in a much smaller number of countries for female students.
This is the only slight sign of a possible gender difference regarding the effect
of ICT use on attitudes towards science at the OECD level.

Finally, there is no clear trend on the effect of an immigrant background
across the indices.

Increased frequency of computer use at school does not have the same
impact on the various indices. Though the impact is positive in a majority of
countries, especially for the SRA index, it is more nuanced in terms of stu-
dent’s gender or socio-economic background.

The effect of increased frequency of computer use, at home or at school, is
systematically positive (for all indices) only in Australia, Canada, Portugal and
Spain. However, in all of these countries, the effect of increased frequency in
the four selected Internet activities is negative on a majority of indices.

None of the four Internet activities selected (browsing, collaborating,
playing games and writing) significantly affects the science attitude indices
when frequency of use increases. In a slight majority of countries, the effect
of an increase is null or negative. For all the activities except playing games,
the effect is negative in a greater number of countries for students from a
low socio-economic background than for those from a high socio-economic
background.

If increased frequency of computer use seems to have an overwhelmingly
positive effect on attitudes towards science when used at home, the effect is
much less significant for computers used at school. Increased frequency of use
of selected Internet activities has no clear impact on attitudes towards science.
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Conclusions and policy recommendations

Examination of the frequency and patterns of ICT use provides a picture
of how students are taking advantage of the opportunities made available by
ICT. Once they have access, types of ICT use depend on variables related to
students’ cognitive, cultural and socio-demographic characteristics. This chap-
ter has given special attention to students’ gender and socio-economic status.

The analysis of PISA 2006 data shows that in most OECD countries
there are more frequent users of ICT at home than at school. Schools in these
countries do not play as great a role as places of access to the digital world
as they do in many developing countries. Nevertheless, this does not mean
that schools should not play a role in preparing new generations to use ICT
for the knowledge-based society. In a context of intensive ICT use at home,
particularly for leisure purposes, schools have the opportunity to become
places where the full educational potential of digital tools is achieved. For
this, governments should promote the study, follow-up and scale-up of good
practices of ICT use that affect learning.

The fact that home use tends to be much more intensive than school use
also suggests that students without home access cannot carry out many of
the activities that the majority of youngsters in OECD countries practice in
their daily lives as participants in the digital culture. In addition, 15-year-old
students from less advantaged socio-economic backgrounds are less likely to
use ICT for leisure purposes than their counterparts from more advantaged
backgrounds. Although the use of ICT for programming and software is more
likely related to schoolwork, some Internet and entertainment uses may have
important learning effects, especially in terms of the skills and competencies
that are increasingly relevant in the knowledge society. There is still much
to learn regarding these skills and competencies and how the use of technol-
ogy enhances them. It is therefore important that governments bring experts
together to develop adequate instruments to measure them and design the
policies needed to support students that are lagging behind.

In terms of gender, although PISA data show that the gender gap has
decreased in OECD countries for some activities since PISA 2003, female
and male students continue to show important differences in their patterns of
ICT use. Males use ICT for a wider range of activities and are more likely to
use ICT for leisure purposes than females. Females use ICT more for com-
munication and for schoolwork. Furthermore, females declare themselves less
confident than males when using ICT. Finally, although gender differences are
relatively small for ICT activities for educational use, they are more significant
for higher-level tasks. Although findings related to gender differences should
be a matter of concern and call for further study, they should be interpreted
with caution. Recent research has shown that youngsters’ self-reports in
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OECD countries may be influenced by dominant discourse and stereotypes
related to gender and ICT and may not accurately reflect their actual prac-
tices. In addition, the profiles analysis revealed a far more complex picture
by looking closely at different uses and approaches to ICT based on different
combinations of student characteristics, relating not only to gender and socio-
economic status but also to individual variables such as self-confidence in
doing ICT activities and performance on the PISA science test. More studies
of this type should be carried out at national as well as international level.

It is important to learn more about the effects of gender and socio-eco-
nomic differences and the emergence of different profiles of ICT 15-year-old
users. It is not yet clear whether these differences simply reflect different ways
of approaching the digital culture or if they have consequences for learning the
skills and competences needed for the knowledge society. More research on
these issues would help to orient policy decisions in order to prevent what has
been called the second-level digital divide, that is, differences in the capacity
to take full advantage of ICT in the context of the knowledge society.

Finally, PISA data do not provide enough information to learn whether
home use and school use influence each other. They do show that one type is
not gaining on the other in OECD countries, as on average students’ frequent
use increased similarly for both since PISA 2003. It is important to learn more
about this relation and to design school policies that develop a closer connection
between students’ ICT uses at home and at school. This would make it possible
to link school and home learning more closely, for example by developing online
learning resources that students could access and use from home. Also, schools
could build a bridge between students’ in-school and out-of-school culture, for
example by including some out-of-school digital activities in school lessons or
after-school activities. Finally, schools might communicate more regularly with
parents and engage them more actively in their children’s education, for example
by communicating with them via the Internet. It is important to address at the
same time the digital divide issues that might be raised by these initiatives, such
as providing disadvantaged students with access to ICT out of school and fol-
lowing parents’ ability to support home use of ICT for school-related activities.

Key findings

* The majority of 15-year-old students use their computers more fre-
quently at home than at school. In most OECD countries more than
80% use computers at home several times a week; only in Hungary
do a slight majority of students use them more frequently at schools.
Since PISA 2003, frequency of use has increased in all locations.
Frequent use in the home and in school increased by a similar
percentage.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



116 - 3. STUDENTS’ USE OF ICT AND THE ROLE OF CONFIDENCE

»  Students use computers for a wide range of functions, mostly relating
to use of Internet and entertainment. Certain uses, such as Internet
research, have educational potential, but as in PISA 2003 students
made less frequent use of specific educational software than of any
other use.

*  The majority of students are confident about their Internet abilities.
While fewer believe they can perform high-level tasks unaided, most
think they could do so with some help.

* Gender and socio-economic status are related to different uses of,
and confidence with, ICT. Overall, female students declare less
frequent use of computers and less confidence than their male coun-
terparts. Males declare that they use ICT frequently, for a wider
range of activities and are more likely to use ICT for leisure pur-
poses. Specifically, males appear to play more games and do more
programming than females, but their declarations are quite similar
for frequency of school-related tasks such as word processing and
communication tasks such as sending e-mail and chatting on line.
Although males continue to be much more confident about high-level
tasks, such as using software to find or get rid of viruses, the average
gender difference in OECD countries has decreased significantly
since PISA 2003. In fact, declarations regarding high-level Internet
tasks to be used in an educational context, such as using a word proc-
essor, creating a presentation, or using a spreadsheet to plot a graph,
show a difference between females and males of less than 5 percent-
age points.

e There is a stronger socio-economic difference in students’ use of
ICT for leisure activities and for academic activities. The difference
between students from the bottom and top ESCS quarters is twice
as large for Internet and entertainment use as for programmes and
software use.

* A profiles analysis, which looks not only at students’ gender or
socio-economic status but also individual characteristics such as
self-confidence in doing ICT activities and performance in the
PISA science test, gives a far more nuanced picture of ICT users
than the often used dichotomy of the “male gamer” and the “female
communicator”.
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Notes
1. One item present in PISA 2003 (“to help learn school material”) was excluded
from PISA 2006.
2. This includes: browse Internet, play games, download software, download music

and e-mail or chat rooms.
This includes: write documents, use spreadsheets and educational software.
4. The six selected profiles represent almost 90% of all the student population.

S. Initially the possibility was explored of developing three student profiles on three
questions: playing games (gamer), collaborating on the Internet (communicator)
and using educational software (school activator). However the empirical analysis
did not give any consistent support to these three distinctive profiles.

6. PISA 2006 developed an index of economic, social and cultural status (ESCS). The
intention was to capture a wide range of “aspects of a student’s family and home
background in addition to occupational status” (PISA 2006, p. 335). The index
“derived from the following variables: the international socio- economic index of
occupational status of the father or mother whichever is higher; the level of educa-
tion of the father or mother whichever is higher converted into years of schooling ...,
and the index of home possessions™ (PISA 2006, p. 213). The ESCS is constructed
to have an OECD mean of zero and a standard deviation of one. More information
about the computation of the ESCS index can be found in PISA 2006 (p. 335).

7. There are different average index score of ESCS between the profiles, and all
differences are significant (1% level). For example, digi-wired has an average
index score of ESCS 0.56 standard deviations higher than digi-educational and
0.48 standard deviations higher than analogue, whereas digi-zappers have a lower
ESCS average than digi-wired, digi-casual and monthly users.

8. The PISA 2006 index of self-confidence in ICT high-level tasks “derived from
students’ beliefs about their ability to perform tasks on a computer” (p. 342). The
index reflects answers to six questions: how to get rid of viruses, how to edit
photographs, how to create a database, how to use a word processor, how to use a
spreadsheet, how to create a presentation, how to create a multi-media presenta-
tion and how to construct a web page. The index is standardised with a mean of
zero and a standard deviation of one.

9. The index is standardised with a mean of zero and a standard deviation of one.
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Chapter 4

Students’ use of information and communication technologies
and performance in PISA 2006

This chapter explores the complex relationship between ICT use and performance
based on two types of analysis. First, it takes a general look at the correlation
between students’ scores in the PISA 2006 science test and four aspects of ICT
use: students’ experience with computers, overall use at home and at school,
types of computer use, and confidence in performing tasks on a computer. In line
with the general focus of this report, this chapter gives special attention to the
influence of family background on students’ results by controlling for economic,
social and cultural status. Second, it analyses in more detail the influence of ICT
use on student performance by controlling for other variables measured in PISA
which might also affect 15-year-old students’ science/mathematics scores, such as
students’ characteristics, parents’ characteristics, household characteristics and
school characteristics. In this way it provides a clearer picture of the net influence
of ICT use on students’ performance in the PISA science test.
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Introduction

This chapter looks at the relation between ICT use and students’
PISA 2006 science scores. It aims to shed light on the question of the associa-
tion between ICT use and performance, a central concern of policy makers in
recent years. The research on this issue has not been conclusive in terms of
positive or negative effects and has not found any direct causal links. Instead,
it points to a non-linear, complex relation between ICT and learning, with
mediating variables related to individual, family and school factors playing
an important role (Balanksat, Blamire and Kefala, 2006; Trucano, 2005;
Kulik, 2003).

Use of technology and student performance in the PISA 2006
science test

The relation between the use of technology and student performance is
approached through the analysis of students’ results in the PISA 2006 science
test. In this test, student scores were grouped into six proficiency levels, with
level 6 representing the highest scores (and hence the most difficult tasks)
and level 1 the lowest scores (and hence the easiest tasks). The grouping into
proficiency levels was undertaken on the basis of substantive considerations
relating to the nature of the underlying competences in science. Students with
less than 334.9 score points on any of the science competences were classi-
fied as below level 1. These students are unable to demonstrate the science
competences needed for the easiest PISA tasks. Such a low level of science
competence can be considered to put them at a serious disadvantage for full
participation in society and the economy.

In PISA 2006 a performance difference of 74.7 score points represented
one proficiency level on the science scale, while in PISA 2003 one profi-
ciency level was equivalent to 62 score points on the maths scale. This can
be considered a comparatively large difference in student performance in
substantive terms (i.e. the difference between being able to make literal
interpretations of the results of scientific inquiry and being able to use sci-
entific concepts and apply them directly). The mean student performance for
students in OECD countries is set at 500 points. Of the 30 OECD countries,
20 have scores within 25 points of the OECD average of 500. This represents
a closely clustered group of countries, each of which has a mean score very
similar to that of a number of other countries.

Table 4.1 indicates what students can typically do (i.e. their skills and
abilities) at each science proficiency level in PISA 2006.
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Table 4.1. Summary descriptions of the six proficiency levels on the science scale

Lower  Percentage of students able
score to perform tasks at each level
Level  limit or above (OECD average) What students can typically do

6 07.9  1.3% of students across the At Level 6, students can consistently identify, explain and apply
OECD can perform tasks at  scientific knowledge and knowledge about science in a variety of
level 6 on the science scale  complex life situations. They can link different information sources

and explanations and use evidence from those sources to justify
decisions. They clearly and consistently demonstrate advanced
scientific thinking and reasoning, and they demonstrate willingness
to use their scientific understanding in support of solutions to
unfamiliar scientific and technological situations. Students at this
level can use scientific knowledge and develop arguments in support
of recommendations and decisions that centre on personal, social or
global situations.

5 633.3  9.0% of students across the At Level 5, students can identify the scientific components of

OECD can perform tasks at  many complex life situations, apply both scientific concepts and

least at level 5 on the science knowledge about science to these situations, and can compare,

scale select and evaluate appropriate scientific evidence for responding to
life situations. Students at this level can use well-developed inquiry
abilities, link knowledge appropriately and bring critical insights to
situations. They can construct explanations based on evidence and
arguments based on their critical analysis.

4 558.7  29.3% of students across the At Level 4, students can work effectively with situations and issues

OECD can perform tasks at  that may involve explicit phenomena requiring them to make

least at level 4 on the science inferences about the role of science or technology. They can select

scale and integrate explanations from different disciplines of science or
technology and link those explanations directly to aspects of life
situations. Students at this level can reflect on their actions and
they can communicate decisions using scientific knowledge and
evidence.

3 4841  56.7% of students across the At Level 3, students can identify clearly described scientific issues
OECD can perform tasks at  in a range of contexts. They can select facts and knowledge to
least at level 3 on the science explain phenomena and apply simple models or inquiry strategies.
scale Students at this level can interpret and use scientific concepts from
different disciplines and can apply them directly. They can develop
short statements using facts and make decisions based on scientific
knowledge.
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Table 4.1. Summary descriptions of the six proficiency levels on the science scale

(continued)
Lower  Percentage of students able
score to perform tasks at each level
Level limit or above (OECD average) What students can typically do
2 409.5 80.8% of students across the At Level 2, students have adequate scientific knowledge to provide

OECD can perform tasks at  possible explanations in familiar contexts or draw conclusions based

least at level 2 on the science on simple investigations. They are capable of direct reasoning and

scale making literal interpretations of the results of scientific inquiry or
technological problem solving.

1 334.9  94.8% of students across the At Level 1, students have such a limited scientific knowledge that
OECD can perform tasks at it can only be applied to a few familiar situations. They can present
least at level 1 on the science scientific explanations that are obvious and that follow explicitly from
scale given evidence.

Length of time students have used computers and performance

The analysis of PISA 2003 data showed an association between the length
of time students had used computers and their performance in mathematics
in PISA. Similarly, this section explores the relation between experience
using computers and science scores. Chapter 2 showed that in almost all the
countries surveyed, the majority of students started using computers at least
when they entered secondary education. Nevertheless, the length of time they
have used computers differs widely in and across all countries surveyed. It
is therefore relevant to explore whether students who have used a computer
longer and are more familiar with computers perform differently in the
PISA 2006 science test than students who are less familiar with computers
and have just started to use them. As Figure 4.1 shows, student performance
in science improves with the length of time students have used a computer.
Students from OECD countries who have used a computer for more than five
years, and are therefore more familiar with computers, perform on average
at the middle and higher end of level 3, whereas students who have used a
computer for less than one year perform on average at the middle or low end
of level 2. On average for OECD countries, the difference between these two
groups is 90 score points, more than one proficiency level in the PISA science
test. This gap is particularly large in Austria, Belgium, the Czech Republic,
Iceland, Korea, New Zealand, Portugal and Switzerland.

A closer look at the data shows that, as for the results in maths scores in
PISA 2003, the majority of countries follow a similar pattern: the biggest per-
formance gaps are for students with the least amount of computer experience.
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For example, on average among OECD countries, students who have used
computers for one to three years perform 37 score points above those with
less than one year’s experience, while students with more than five years’
experience lead those with three to five years’ experience by 22 score points.
In Austria, there is a particularly large performance gap, of close to one pro-
ficiency level, between the two groups of students that are the least familiar
with computers (Figure 4.1). Those with less than a year’s experience are
almost everywhere on average capable of only basic science tasks at levels 1
or 2. Only in Finland and Japan do they reach level 3.

A comparison with PISA 2003 maths results suggests that there is a
stronger relation between computer experience and performance in math-
ematics than with performance in science. The difference between the two
groups with the least experience is relatively smaller for the PISA 2006 sci-
ence performance test than for 2003 mathematics performance test — 37 and
47 score points respectively — and the difference in performance between
students with more than five years’ experience and students with less a year’s
experience is almost 100 points in the PISA 2003 maths test and 90 points in

Figure 4.1. Length of time students have used a computer and
mean performance in PISA science scale
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Countries are ranked in descending order of mean performance on the PISA science scale.

Note: The results for “less than one year” in Australia, Austria, Canada, Denmark, Finland, Germany,
Iceland, Korea, Liechtenstein, Netherlands, New Zealand, Norway, Sweden and Switzerland are based
on less than 3% of students. This is also the case for “one to three years” in Australia.
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the PISA 2006 science test. This difference is even greater when considering
that in the PISA maths test one proficiency level was equivalent to 62 score
points while in the PISA science test one proficiency level was equivalent to
74.7 score points.

Does socio-economic background explain performance differences
for students with different experience using computers?

Higher scores in the PISA 2006 science test among students with more
experience using computers may be due to the strong influence that socio-
economic background still has for access to ICT resources (see Chapter 2).
Nevertheless, when controlling for socio-economic background using the
PISA index of economic, social and cultural status (ESCS), results show that
performance differences associated with the length of time students have
used a computer hold when accounting for socio-economic background. As
Figure 4.2a shows, the biggest differences remain between students who have
just started using computers (less than a year before the survey) and those
who have used computers for at least one year. Compared to students who
have used a computer for less than a year and accounting for ESCS, there is
on average in OECD countries an advantage of 30 score points for students
who have used computers for one to three years, a 51 score points advantage
for students who have used computers for three to five years and a 61 score
points advantage for students who have used computers for more than five
years. In fact, in Australia, Austria, Belgium, Iceland and Korea, account-
ing for socio-economic background, the performance differences between
students who have used a computer for more than five years and students
who have used a computer for less than one year remain equivalent to one
proficiency level or more on the PISA science scale (Figure 4.2b; Annex A,
Table A.10).

In sum, although the data do not prove causality between familiarity
with computers and performance, they show that better-performing students
are more familiar with computers. Those who have only recently started to
use computers (less than one year before the survey) have 433 score points
on average, i.e. below the OECD average of 500 points, and performance
increases with experience with computers.
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Figure 4.2. Performance differences on PISA science scale
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scale associated with years using a computer differences in socio-economic background
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Use of computers and student performance

The relation between frequency of computer use and student
performance in the PISA 2006 science test

Chapter 3 described students’ frequency and type of use of computers at
home and at school and identified variables that might explain variations in
students’ practices. Here, the question of interest is whether the frequency
with which students use computers in different places is related to their per-
formance in the PISA science test.

Box 4.1. Frequency of use of computers
As in Chapter 3, this chapter uses the following definitions for frequency of use
of computers, based on student responses:
Frequent use: “Almost every day” or “A few times each week”
Moderate use: “Between once a week and once a month”

Rare/No use: “Less than once a month” or “Never”

Figures 4.3a and 4.3b show that the relationship between frequency of
use and performance differs substantially depending on students’ frequency
of use of computers at home or at school. As in PISA 2003, the clearest effect
is associated with home use: in every country, students reporting rare or no
use of computers at home score below their counterparts who report frequent
use (Figure 4.3a and Annex A, Table A.11). In all OECD countries except
Turkey, students using computers frequently at home perform at level 3 in the
science proficiency scale, while in the majority of OECD countries, students
rarely or never using computers at home perform at level 2, with the excep-
tions of Finland (534), Japan (513), Korea (502), Sweden (494) and Canada
(486) where students rarely or never using computers at home also perform at
level 3. They also, however, perform below frequent computer users. Among
moderate users at home, in the majority of countries their performance on the
science proficiency scale is lower than that of frequent users and higher than
that of rare or non-users; they perform at the mid-lower end of level 3 and
mid-higher end of level 2. There are some exceptions: in Finland, moderate
users perform at level 4 on the science proficiency scale and slightly above
frequent users. In Korea, moderate users also perform above frequent users,
while in the Netherlands and in Turkey they perform below rare or non-users.
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Figure 4.3a. Frequency of use of computers at home and student performance on

PISA science scale
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Figure 4.3b. Frequency of use of computers at school and student performance on

PISA science scale
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For frequency of use at school, the association with performance is less
clear. In a majority of OECD countries, students with different frequencies
of use at school perform very similarly on the PISA science test. In fact, on
average in OECD countries, moderate and rare or non-users score the same
(508) and frequent users slightly lower (506). It is interesting that the average
score is relatively high (above 500 score points) for the three user frequencies.
However, in Finland, Germany, Greece, Italy, Japan, Korea, New Zealand,
Spain and Turkey, the finding is the opposite of that for frequency of compu-
ter use at home: that is, more frequent computer users perform less well than
less frequent users. In Belgium, Canada, Iceland, the Netherlands, Norway,
Sweden and Switzerland, moderate users perform better than frequent and
rare or non-users (Figure 4.3b, Annex A, Table A.11)

These findings lead to two important observations, which are consist-
ent with the analysis of maths scores in PISA 2003 (OECD, 2006). First,
frequency of use at home has a stronger relation with performance on the
PISA science test than frequency of use at school; and second, particularly
in the case of school use, more computer use does not mean better results in
subject-based standardised tests such as PISA 2006. This second observation
is consistent with findings in previous studies that show that high amounts of
computer use are not always associated with better academic performance.
In fact, the results of PISA 2003 showed that the supposition that more fre-
quent use gives better results is not the case in all countries and revealed that
students with moderate ICT use had the best results. Previously, Wenglinsky
(1998), drawing on data from the 1996 National Assessment of Educational
Progress in mathematics for American students in fourth and eighth grades,
found that levels of computer use seem not to matter and high levels may
even be counterproductive. In another analysis of PISA 2003 data, Fuchs and
Woessmann (2004) showed that student performance presents an inverted
U-shaped relation with the extent of computer and Internet use at school,
rising with some use but falling again with use several times a week.

The evidence suggests that what matters is not so much how much ICT
students used but how and for what purposes. Wenglinsky (1998) showed
that when computers are used to perform tasks such as applying higher order
concepts, and when teachers are proficient enough in computer use to direct
students towards more productive uses, computers do seem to be associated
with significant gains in mathematics. However, Fuchs and Woessmann
(2004) found that when computers are used at home as a communicational
and educational device, there is a positive relation with student performance.
In another analysis of PISA 2003 data, Papanastasiou and Ferdig (2000)
showed that different types of activities performed on the computer are
related to different levels and types of thinking, which in turn are associated
with very different types of results.
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Overall use and performance in science and reading

Considering the above evidence that frequency of use at school does not
by itself seem to matter much, and that more frequent computer use at home
and at school is not always associated with better performance, it is relevant
to consider the relation between what students do with computers and their
performance in the PISA science test.

As was done for maths scores in PISA 2003, Chapter 3 developed indices
measuring students’ overall ICT use on a continuous scale. By relating these
to performance, it is possible to analyse the extent to which students who use
computers more often across a range of functions tend to do better or worse
in the PISA assessment. This cannot reveal the kinds of ICT use that help
students to perform better at school, but it does indicate the extent to which
students who do well are also those who use ICT for certain purposes. This
analysis is based two broad indices of usage: how often students use the
Internet and play computer games, and how much they use various computer
programmes and educational software. Students in each country are divided
into four equal groups according to their scores on each index. Those in the
highest usage group are those who frequently use computers for a relatively
wide range of purposes; those in the lowest are the least frequent users.

Figures 4.4a and 4.4b show, for each of these two indices, the average sci-
ence score and the average reading score for students in OECD countries in
each category. Although the trends are similar, the levels of use for Internet
and entertainment use appear to be less strongly related to average perform-
ance both on the PISA science scale and the PISA reading scale than the
levels of use for programmes and software. As Figure 4.4a shows, students
who use computers the least for Internet and entertainment score on average
7 score points less on the PISA science scale than those in the second quarter
of usage, 5 points less than those in the third quarter of usage and the same as
those in the quarter of most intensive users. Instead, students who use comput-
ers the least for programmes and software score 15 points less than those in
the second quarter of usage, 8 points less than those in the third quarter and
19 points more than those in the most intensive quarter of usage (Figure 4.4b).

These results confirm for both indices the findings obtained from the anal-
ysis of maths scores in PISA 2003: more use does not mean better academic
performance. Results show that, on average, students in the second quarter in
both indices score highest in both PISA science and reading tests. On average,
the lowest quarter of students and those who use computers frequently for a
wide range of purposes also tend to have relatively low average scores, espe-
cially in the case of those making wide use of programmes and software. On
average in OECD countries, students in the top quarter of users of programmes
and software score 34 score points below those in the second quarter of users
in science; the difference in reading performance is slightly more pronounced
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Figure 4.4a. Students’ use of ICT and OECD average performance in PISA science scale
by quarter of the indices
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Figure 4.4b. Students’ use of ICT and OECD average performance in reading
by quarter of the indices
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(42 score points). While more computer usage is not necessarily more beneficial
for students in subject-based assessments such as PISA, this does not imply
that higher levels of computer usage might not be beneficial for other types of
learning, such as computer literacy or the development of other skills that are
not related to subject-based learning. In order to capture these other types of
learning, new international instruments should be designed.

Confidence in performing tasks on a computer and student
performance in science

Several studies have shown that students’ confidence in performing school
activities is important for achievement. Therefore, it seems relevant to explore
whether students who are more confident in performing certain ICT-related
tasks have better results in the PISA 2006 science test. As for maths scores in
PISA 2003, the analysis shows a relation between confidence in completing
ICT tasks and performance in science. With regard to Internet ICT tasks, such
as searching the Internet for information or downloading files or programmes
from the Internet, the quarter of students with the greatest confidence score
on average 43 score points higher than those with the least confidence (see
Table 3.2 in Chapter 3 for a list of routine tasks). Students’ confidence in per-
forming Internet tasks on a computer explains 5% of the variance in science
performance on average across OECD countries and between 9% and 13% in
Hungary, Portugal, the Slovak Republic and Turkey (Figure 4.5a; Table A.10).

Confidence in their ability to perform high-level tasks, such as using
software to find or get rid of viruses or creating a database is also positively
associated with performance in science (12 score points on average), although
the relation is less than half as strong as for the Internet (Figure 4.5b). The
relation is particularly strong in Japan and Portugal, with a gap of 65 and 78
score points, respectively, between the students who are the least and the most
confident in performing these tasks (Table 4.A.1.2). In sum, although this
comparison does not show that feeling more confident when doing ICT-related
tasks leads to better science skills, it shows that the two tend to go together.

Assessing the impact of ICT use on PISA scores

The first sections of this chapter aimed to see whether the use of ICT has an
impact on student performances and found that it has a positive and significant
effect. The effect is not the same for all students. For the same level of computer use,
male students with more educational resources and from a higher socio-economic
background tend to achieve better performance. This suggests that complementary
skills are needed to reap the full benefits of computer use. It also implies that poli-
cies to promote ICT use among students will be effective if they are supported by
measures to improve complementary skills among low-performing students.
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Figure 4.5. Relation between self-confidence in Internet-related and
ICT high-level tasks and science scores
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Introduction

The simplest way to assess the impact of ICT use on student perform-
ance is to group students according to frequency of ICT use and to compare
the average performances of each group. For instance, if computer users are
observed to have better performance than non-users, one could argue that
computer use has a positive effect on student performance.

Such a conclusion would be misleading, however, for two reasons. First,
students with different characteristics would get different benefits from the
same frequency of computer use. Skills, interests and attitudes determine
what students do on a computer and how well. Some students would benefit
more because they know how to use a computer as a tool for learning, while
others would benefit less because they lack the skills necessary to use a com-
puter for educational purposes. Similarly, students interested in school are
likely to use the computer for school-related activities. Students with little
interest in school would spend more time on computer activities that are not
school-related. It is necessary to account for differences in students’ skills,
interests and attitudes.

The second reason why a simple comparison of computer users and non-
users would be misleading is that some factors that affect computer use also
affect student performance. For instance, students from advantaged families
tend to have readier access to computers than students from disadvantaged
families. They also tend to have better school performances. As a conse-
quence, computer users may show better performance because of their socio-
economic background. In this case, computer use would capture the effect of
family background but would not provide any information on its effects on
student performance. To avoid this problem, it is necessary to control for fac-
tors that affect both computer use and student performance.

The following sections therefore look at factors that affect the frequency
of computer use by students and then identify factors that influence student
performances. The impact of computer use is then assessed after having
controlled for both sets of factors. Following some further considerations the
main policy implications of the analysis are discussed.

What explains ICT use?

ICT use can be measured in several ways. The simplest measure is
whether or not a student uses a computer. More interesting indicators are
frequency of ICT use, e.g. once a week, and the time spent using ICT, e.g. one
hour a day. Finally, there are measures relating to specific uses of ICT, from
broader use, e.g. the Internet, to more precise activities, e.g. searching the
Internet for school-related information. To assess the impact of ICT use calls
for a measure both of the specific activities carried out with ICT and of the
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time spent on each activity. However, this information is difficult to collect
and rarely available from statistical surveys.

The PISA 2006 survey includes questions about the location and fre-
quency of student computer use. It asks students to rate their frequency of
computer use at three locations: home, school and other places. Computer use

is rated according to five frequencies: “never”, “once a month or less”, “a few
times a month”, “once or twice a week” and “almost every day”.

Several studies have pointed out that simple measures of ICT use, such as
physical access or frequency of use, are not sufficient to assess the impact of
ICT on student performances (Wenglinsky, 1998). What really matters is the
degree of “engagement” with ICT. Engagement refers to a situation in which the
user exerts a degree of control and choice over the technology, thus leading to
a “meaningful use of ICT” (Bonfadelli, 2002; Silverstone, 1996). Engagement,
therefore, is about how people relate to ICT in ways that are useful, fruitful and
relevant to them (Garnham, 1997; Jung, Qiu and Kim, 2001).

Individuals’ engagement with ICT is based on a complex mixture of
social, psychological, economic and pragmatic factors. Some are related to
the family and social environment of students; others concern the way each
individual interacts with this environment. Several authors (Selwyn, 2004;
Murdock, Hartmann and Gray, 1996) have suggested that these factors can
be regarded as the result of four different forms of “capital” (Bourdieu, 1997):
economic, cultural, social and technological capital (Table 4.2).

Economic capital is probably the most immediate form of capital under-
lying individuals’ engagement with ICT. Material resources and economic
capacity play a central role in determining whether people use ICT and the
nature and subsequent patterns of that use. For example, Murdock, Hartmann
and Gray (1996) cite the difficulties of using a word processor without a
printer or an adequate monitor.

Not only does economic capital imply easier access to a computer at
home, it also has an indirect effect through ICT use at school. Students from
an advantaged background are more likely to attend schools with better
resources, in which access to a computer is easier and teachers are more
“engaged” with ICT.

Economic capital cannot account for all stages and levels of engage-
ment with ICT (Murdock, 2002). What individuals can do with ICT is also
linked to their level of cultural capital. According to Bourdieu (1993), cul-
tural capital reflects the extent to which individuals have absorbed — often
unconsciously — or have been socialised into the dominant culture. Therefore,
cultural capital can be embodied (in the form of knowledge), objectified (in
the form of books, paintings, instruments and other artefacts), and institution-
alised (in the form of qualifications).
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The family is one of the main means of transmitting cultural capital. The
educational level, profession, cultural orientation and interests of parents have
an important impact on students’ cultural capital. School is the other main
channel not only because of its vocation to transmit codified knowledge but
also as a milieu for the diffusion of cultural attitudes.

Many people’s engagement with ICT is also influenced by their social
capital (Di Maggio and Hargittai, 2001; Fountain, 1997, Jung, Qiu and Kim,
2001). This can involve social obligations or connections between an indi-
vidual and networks of other individuals (family members, friends), organisa-
tions and institutions. As Murdock, Gray and Hartmann (1996) have shown,
people’s ability to foster, maintain and draw upon social capital in terms
of networks of friends, relatives and neighbours was a critical factor in the
diffusion of home computing in the United Kingdom. For students, family
and school are a powerful channel of socialisation. Because networks tend
to be stronger among those with similar social capital, students also tend to
socialise with students from a similar economic and cultural endowment: the
children of their parents’ friends, hose who live in the same neighbourhood
and go to the same schools.

Finally, some authors have pointed out the fundamental importance of
technological capital as a complement to cultural, economic and social capital
in the information age (Hesketh and Selwyn, 1999; Howard, 1992). ICT skills
and “know-how” as well as access to local sources of technological expertise
and material resourcing (e.g. borrowing equipment or sharing/copying soft-
ware) play a key role in people’s engagement with ICT use.

Table 4.2. Different forms of capital

Economic capital Economic capacity to purchase ICT hardware and software, domestic space
for ICT use, material exchanges and resources

Cultural capital Self-improvement of ICT skills, knowledge and competencies
Participation in ICT education and training

Social capital Engagement with technology use and “techno-culture” via cultural goods,
family, peers and other agents of socialisation

Technological capital  Networks of technological contacts and support

Source: Adapted from Selwyn (2004).
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The same frequency of ICT use can thus have different effects on stu-
dents’ performance depending on their capital. To assess the impact of ICT,
it is therefore necessary to measure both the frequency of ICT use and each
student’s level of capital. By definition, this cannot be observed. Nonetheless,
the above discussion has highlighted factors that play a role in the accumu-
lation of capital: economic and cultural resources, personal characteristics,
school resources, and ICT access. These indicators can be used to estimate
individual students’ level of capital.

The same statistical model (Ordered Probit, [below indicated as OLS] see
Annex C for details) was used for each of the 33 countries — 23 OECD and
10 partner countries — that filled out the ICT survey. The model produces two
sets of results. First, it estimates the level of capital of each student based on a
number of relevant indicators. Second, it estimates the frequency of computer
use of each student as a function of his/her capital.

The PISA 2006 surveys contain several indicators that can be used as a
proxy for the different types of “capital”. These are used to explain the deter-
minants of computer use at home and at school. Computer use in other places
was not considered both because it accounts for a very small percentage, par-
ticularly in OECD countries, and because the type of use is likely to be more
diverse than at home and at school and less related to education.

The frequency of computer use at home and at school tends to be closely
connected. On the one hand, students from a better-endowed family — in
terms of any of the forms of capital considered above — tend to have a higher
frequency of computer use at home and to attend schools with higher ICT
use. On the other hand, computer use at school is likely to increase students’
interest in ICT and skills so that ICT use at home would also increase. For
these reasons, computer use at home and at school can be analysed together.

Initially, all variables available in PISA which could be related to deter-
minants of computer use based on previous studies were included: gender,
immigration, computer possession, family wealth, educational attainments
of parents, etc. Then, variables that were not statistically significant were
dropped, one at a time, starting with the least significant. Final results are
reported in Table 4.3. One or more of the following variables were found to
affect computer use.

Household characteristics
*  Wealth of the student’s family

e Educational resources available at a home
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Parents’ characteristics

» Parents’ occupation

Student’s characteristics
*  His/her immigration status

* His/her gender

School characteristics
*  Number of teachers per student
*  Quality of educational resources

e Size of the school

ICT access in school
*  Number of computers per student
»  Percentage of school computers connected to the Internet

Family wealth, educational resources at home and gender appear to be signifi-
cant determinants of computer use in a great majority of countries. Parents’ occu-
pation and immigration tend to be relevant in a large number of cases. Educational
resources and ICT equipment in school also appear to play a role, although their
effect is captured by a different set of indicators in different countries.

The wealth of the student’s family is measured by an index (WEALTH)
that combines answers about the number of cellular phones, televisions, cars
and other country-specific wealth items possessed by the family (Table 4.4).
A wealth index was chosen over an income variable because previous studies
have shown that household possessions are a more reliable indicator of family
wealth. In all countries, the wealth index has a positive sign: the greater the
wealth of the student’s family, the more he/she tends to use a computer.

The items “computer” and “a link to the Internet” are part of the wealth
index. Interestingly enough, these two variables were not statistically signifi-
cant, either alone or together. This suggests that possession of a computer and/or
a link to the Internet is not sufficient to make a difference in terms of frequency
of computer use. They have an effect only for students from wealthy families.

Home education resources are also measured by an index (HEDRES)
composed of various items such as a study room, calculator, books, a computer
for schoolwork and educational software (Table 4.4). The sign of the index is
always positive: more educational resources tend to result in greater computer
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use. Again, neither the possession of a computer for schoolwork nor the avail-
ability of educational software had a significant effect alone. These items seem
to make a difference only together with a broader set of educational resources.

The occupational status of the parents has also a significant impact on
the frequency of computer use. Students’ families were classified into “white-
collar” and “blue-collar”, according to the highest occupational status of the
two parents. The positive sign of this variable shows that children of white-
collar parents tend to use computers more frequently than the children of
blue-collar parents.

Table 4.4. Items included in PISA indices: WEALTH, HEDRES and HOMEPOS

Item is used to measure index
WEALTH HEDRES HOMEPOS

Q13 In your home, do you have

ST13Q01 A desk to study at X X
ST13Q02 A room of your own X X
ST13Q03 A quiet place to study X X
ST13Q04 A computer you can use for schoolwork X

ST13Q05 Educational software X X
ST13Q06 Alink to the Internet X X
ST13Q07 Your own calculator X X
ST13Q08 Classical literature (e.g. <Shakespeare>) X
ST13Q09 Books of poetry X
ST13Q10 Works of art (e.g. paintings) X
ST13Q11 Books to help with your schoolwork X X
ST13Q12 A dictionary X X
ST13Q13 A dishwasher (country-specific) X X
ST13Q14 A <DVD or VCR> player (country-specific) X X
ST13Q15 <Country-specific wealth item 1> X X
ST13Q16 <Country-specific wealth item 2> X X
ST13Q17 <Country-specific wealth item 3> X X
Q14 How many of these are there in your home?

ST14Q01 Cellular phones X X
ST14Q02 Televisions X X
ST14Q03 Computers X X
ST14Q04 Cars X X
Q15 How many books are there in your home X
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The immigration variable measures the difference in computer use
between native-born and immigrants. Its negative sign indicates that first- and
second-generation immigrants are more likely than native-born to have higher
computer use.

Finally, the sign of the gender variable is also positive, indicating that males
use computers more frequently than females.

The second group of variables measures access to ICT and educational
resources in schools.

The number of teachers per student (STRATIO) and the quality of
educational resources (SCMATEDU) provide a measure of the educational
resources at school. The latter is an index based on the self-evaluation of the
school principal. Both indicators have a positive and significant effect, sug-
gesting that schools with better educational resources tend to promote ICT
use among students.

The size of the school (SCHSIZE) also has a positive and significant impact
on computer use. This may be an indication that large schools are proportion-
ally better equipped with ICT than small ones, e.g. schools in urban versus
rural areas — or it may be due to an “economy of scale” in terms of computer
access: as not all students use the computer at the same time, the larger the
number of computers available in a school, the higher the probability of finding
one available.

Finally, both the number of computers per student (RATCOMP) and
the number of computers connected to the Internet (COMPWEB) seem to
increase computer use among students in some countries.

What explains student performance?

PISA assesses the extent to which students near the end of compulsory
education have acquired the knowledge and skills that are essential in eve-
ryday life. Students are tested on reading and on mathematical and scientific
literacy and complete a background questionnaire. In this study, the focus is
on student performance in science. Nonetheless, the scores of the three tests
are highly correlated, so that the results presented for science can be general-
ised, at least in their broad lines, to maths and reading as well.

The same statistical model (OLS, see Annex C for details) was used to
explain science scores in each of the 33 countries — 23 OECD and 10 partner
countries — that filled out both the general PISA survey and the ICT module.
Initially all variables available in PISA which, on the basis of previous stud-
ies, could be related to determinants of science performance were included.
In addition, frequency of computer use and the previously estimated measure
of students’ capital were also included. Variables that were not statistically
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significant were dropped one at a time, starting with the least significant. The
final results are reported in Table 4.5. In most countries, the variables that
affect PISA science scores are:

Students’ characteristics
*  Gender
* Immigration status
* Interest in science

*  Motivation to continue learning about science

Parents’ characteristics
» Science-related carrier
¢ Educational attainments

*  Occupation

Household characteristics
*  Home possession.
e Educational resources

e Number of books at home

School characteristics
*  Number of teachers per student
e Size of the school

*  Quality of educational resources

Frequency of computer use
» Associated with the “average” level of students’ capital
»  Associated with the “marginal” level of students’ capital

The first set of factors is related to students’ characteristics. The gender
variable measures the difference in science scores between males and
females. The variable has a positive sign, showing that males tend to have
higher scores than females, when controlling for all other differences.
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The immigration variable measures the difference in science scores between
native-born and immigrants. Its negative sign indicates that first- and second-
generation immigrants tend to have lower science scores than the native-born.

Two science indices were added to the model. The 2006 PISA dataset
has nine science indices related to attitudes and perceptions of science. The
two that were significant — and positive — are an index measuring student
interest in science (INTSCIE), and another measuring student motivation to
continue learning about science or pursuing a science-related career in the
future (SCIEFUT). Students with a stronger interest in science tend to have
better scores in science.

The second set of variables is related to parents’ characteristics. A first
variable measures whether either parent has a science-related career (PARSCI).
A positive sign indicates that students will have better science scores if one of
their parents has a science-related career.

Parental education is a second family background variable that is often
used in the analysis of educational outcomes. It is measured by the largest
number of years in education of either parent (PARED). The findings show
that longer parents spent in education, the higher the expected science scores
of their children.

Parents’ occupations are classified according to the level and specialisa-
tion of the skills they have acquired, based on the International Standard
Classification of Occupations (ISCO-88). The higher the skills content of the
occupation of either parent (HISEI), the higher the expected science scores
of his/her children.

The third set of variables measures household characteristics. In PISA 2006,
students reported on the availability of 13 different household items at home.
In addition, countries added three specific household items that were seen as
appropriate measures of family wealth in that country. The index home pos-
sessions (HOMEPOS) is based on the availability of these household items.
Home possessions have a positive impact on science scores, as shown by its
positive sign.

Home educational resources are measured by an index (HEDRES) com-
posed of various school items such as a study room, calculator, books, a com-
puter for schoolwork and educational software. The sign of the index is always
positive: more educational resources tend to result in higher science scores.

PISA 2006 reports interesting information about the number of books in
a household. It was found that students from households with a large number
of books (over 100) tend to achieve better scores in science. The role of this
factor appears even stronger when one considers that the number of books
also enters the home possessions index.

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



150 - 4. STUDENTS’ USE OF ICT AND PERFORMANCE IN PISA

The last set of variable looks at the characteristics of the school. The
number of teachers per student (STRATIO) and the quality of educational
resources (SCMATEDU) provide a measure of the school’s educational
resources. The latter is an index based on the self-evaluation of the school
principal. Both indicators have a positive and significant effect: students in
schools with better educational resources tend to have higher scores in science.

School size (SCHSIZE) also turned out to have a positive and signifi-
cant impact on science scores. As discussed above, this may be indicate that
large schools, e.g. schools in urban versus rural areas, are proportionally
better endowed with physical and human resources, or it may be due to an
“economy of scale” in the use of educational resources: as not all students use
libraries, laboratory, tutors, etc., at the same time, students in larger schools
would benefit more from a same stock of educational resources per capita.

Does ICT use improve student performance?

The last two variables look at the impact of computer use on student per-
formance in science. The first variable is frequency of computer use, meas-
ured at the “average” level of students’ capital. As the impact of computer use
varies with capital and students with the same frequency of use have different
levels of capital, this variable makes it possible to estimate the “average”
impact for each frequency of use.

Columns 1 to 4 in Table 4.6 show the estimated increase in average
science scores due to computer use. The first column shows the estimated
increase from using a computer once a month as compared to never. The
second column shows the estimated increase from using computer a few
times a month as compared to never. And so on.

For instance, the first row shows that, on average, Australian students
would increase their science scores by 8 points by using a computer once a
month or less, by 51 point by using it a few times a month, by 76 point by
using it once or twice a week, and by 105 points by using it almost every day.

A higher frequency of computer use is associated with higher average
science scores in all countries considered. Among OECD countries, the larg-
est effect of using a computer almost every day was found in Iceland, Japan,
the Netherlands, Norway, Poland and Spain. Among partner countries, the
largest effect of using computer almost every day was found in Bulgaria;
Macao, China; and Slovenia. It is important to recognise that these figures
cannot be compared across countries. In fact, the effect of computer use is
estimated for the average level of students’ capital, and this level is likely to
vary across countries.
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Table 4.6. Average increase in science scores due to computer use

Average
Once amonth  Afewtimes  Onceortwice  Almost every
orless amonth a week day Differential
Australia 8 51 76 105 -24.31
37.02 16.17 17.37 18.20 3.56
Austria 50 63 60 79 -4.37
17.70 13.41 13.80 13.87 5.32
Belgium 7 93 135 162 -38.19
2547 29.80 34.84 40.60 12.00
Canada 49 60 84 102 -17.06
19.92 18.95 19.53 2117 4.02
Switzerland 56 103 153 197 -54.32
26.19 27.90 30.64 34.77 8.30
Chile ns ns ns ns ns
28.99 22.97 27.74 34.34 12.49
Germany 52 44 59 99 -29.85
37.97 12.68 16.27 22.93 8.90
Denmark 72 187 196 218 37.16
36.70 39.09 41.22 45.00 9.09
Spain 121 202 259 327 -93.75
14.19 21.79 26.56 3218 9.60
Finland 112 175 218 270 -60.89
26.15 31.40 3513 42.19 10.22
Greece 35 38 44 56 -20.14
11.98 13.30 14.72 17.64 4.96
Hungary 27 49 76 87 -17.09
31.25 24.93 23.30 24.27 5.74
Ireland 89 149 182 239 -63.49
19.17 26.05 31.13 38.45 10.17
Iceland 353 478 549 648 -157.17
74.64 81.45 92.53 104.01 24.62
Italy 71 102 110 120 -23.10
22.65 29.67 33.82 39.63 10.93
Japan 128 218 281 392 -90.38
25.63 39.53 51.79 70.13 17.26
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Table 4.6. Average increase in science scores due to computer use

(continued)
Korea 89.50 153.86 178.78 191.76 -50.36
4218 57.73 65.67 76.46 20.64
Netherlands 187 204 255 282 -64.51
79.93 53.22 53.23 57.52 12.95
Norway 171 214 262 284 -38.19
40.07 38.01 4219 4479 8.19
Poland 136 195 251 322 -91.34
18.55 22.56 26.58 32.92 8.94
Portugal 107 161 207 244 -53.03
20.98 27.85 31.15 37.38 9.81
Sweden 136 184 204 214 -36.30
42.97 47.70 48.45 49.93 6.78
Turkey 26 18 23 20 -14.02
21.63 34.84 40.76 55.65 19.41
Bulgaria 17 212 275 354 -95.95
26.09 2518 27.08 33.78 8.76
Croatia 128 213 247 302 -86.43
27.16 39.23 4529 53.37 17.35
Latvia 99 162 219 264 -60.37
28.15 38.20 4715 58.25 14.69
Lithuania 97 148 198 250 -61.87
23.92 31.45 35.34 44.65 12.68
Macao, China 83 236 292 356 -71.50
30.05 33.04 40.52 47.58 11.62
Serbia 2 142 176 200 -42.68
33.30 37.38 42.87 48.01 12.58
Slovenia 129 226 284 334 -80.21
33.08 34.77 38.84 40.20 7.96
Thailand 21 18 25 25 -2.08
10.55 9.20 8.05 8.15 793

Note:Standard errors on the white row. All estimates significant at 1% except: significant
at 5%.
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The second variable for measuring the effects of ICT on science scores
is the frequency of computer use associated with each student’s level of
capital. As not all students with a given frequency of computer use have the
same level of capital, this effect will differ. In particular, it would be higher
than average if a student has a level of capital above the average and lower
than average if the student has a level of capital below the average. For each
student, therefore, the increase in the science score due to computer use
would be the sum of two parts: the “average” increase plus the “differential”
increase due to the difference from the “average” capital.

The last column of Table 4.6 shows the estimated “differential” effect
of computer use. This effect is positive in all countries: if a student uses a
computer almost every day but has a level of capital below the “average”,
the increase in his/her science score would be smaller than the “average”
increase.

These results are illustrated in Figure 4.6. Science scores are plotted on
the vertical axis and computer use on the horizontal axis. The red dots shows
the “average” science score associated with the corresponding frequency of
computer use, measured at the “average” level of students’ capital. The line
joining these dots shows the average increase in science score due to higher
computer use.

The vertical dotted lines corresponding to each frequency of computer
use show the “differential” effect of computer use on science scores for a
student with a level of capital above or below the “average”. For instance,
the points below the red dot corresponding to “almost every day” show
that, among all students using the computer almost every day, those with a
lower capital have also lower than the “average” science scores. Similarly,
the points above the red dot corresponding to “never” show that, among all
students not using the computer, those with a higher level of capital also have
higher science scores.

School or home: does it make a difference?

An interesting question is whether the effects of ICT on student perform-
ance are different when ICT is used at home or at school. ICT use at school can
be expected to be prepared by some training, to be more closely related to edu-
cational activities, and to benefit from the expertise of a teacher (Wenglinsky,
2002). ICT use at home may be more related to leisure activities and not ben-
efit from any formal training (Fuchs and Woessmann, 2004). In addition, stu-
dents using a computer at home are likely to be more interested in ICT, have
more scope for experiment and self-learning, and can search and discover the
resources — both software and web content — that are best suited to their needs
(Ravitz, Mergendoller and Rush, 2002; Valentine et al., 2005; OECD, 2006).
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Table 4.7. Average increase in science scores due to computer use: at home and at school

At home At school
Oncea  Afewtimes Onceor Almost Oncea  Afewtimes Onceor Almost
month orless amonth  twice a week every day|month orless amonth twice a week every day
Australia ns 63 86 109 ns 51 61 101
20.017 17.140 18.157 17.753 17.715 17.608
Austria 33 56 52 76 78 59 50 79
22.496 14.522 13.191 13.654 22.653 18.508 14.698 16.567
Belgium 14 19 162 202 66 10 148 174
30.261 24.319 25.583 29.426 23.717 27.061 26.456 31.981
Canada 43 91 92 106 47 43 66 92
20.998 19.652 19.944 21.39% 23.281 19.437 20.559 23178
Switzerland ns 81 17 159 ns 57 106 142
14.244 18.917 23.969 19.559 18.472 24.428
Chile ns ns ns ns ns ns ns ns
Czech ns 52 108 138 ns 64 101 148
Republic
22.703 28.919 35.996 23.858 27.976 34.508
Germany 53 61 85 120 ns 32 56 84
14.152 16.418 17.813 24.389 17.150 18.884 33.573
Denmark 139 140 159 148 115 148
44.200 30.089 31.960 37.978 33.548 36.269
Spain 147 224 286 353 120 209 266 326
19.369 23.357 27.317 32.939 14.825 21.407 27.022 34.280
Finland 95 209 251 303 111 179 225 251
36.249 34.205 33.812 40.695 28.988 30.717 36.238 42.770
Greece ns 35 45 50 33 32 28 ns
6.965 6.119 5.985 9.462 9.801 6.130
Hungary ns ns ns ns ns ns ns ns
Ireland 119 177 216 281 74 167 197 279
20.671 26.327 31.327 38.330 20.282 29.898 30.694 39.662
Iceland 390 485 567 671 246 494 531 618
69.892 80.306 90.645 100.139 74433 80.580 90.162 106.816
Italy 61 105 106 118 68 96 98 95
24.823 30.644 34.069 39.352 25.509 28.756 33.675 40.303
Japan 138 231 302 410 133 218 286 385
28.342 44.764 58.709 79.211 29.495 43.869 57.998 78.535
Korea 88 153 178 188 88 148 164 196
42.040 58.211 76.491 76.491 42.040 60.484 65.630 75.750
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Table 4.7. Average increase in science scores due to computer use: at home and at school

(continued)
At home At school
Oncea  Afewtimes Onceor  Almost Oncea  Afewtimes Onceor  Almost
month orless amonth  twice a week every day|month orless amonth twice a week every day

Netherlands 77 210 27 289 227 221 220 273
48.950 58.193 55.237 59.349 90.637 59.846 54.704 59.346

Norway 198 208 261 280 152 210 253 283
33.520 43.336 42512 45.126 46.472 38.595 44.241 46.605

Poland 160 231 293 367 146 217 276 333
36.008 27.784 29.852 34.641 20.332 23.039 26.993 38.326

Portugal 204 218 272 318 133 199 249 287
18.994 33.595 30.572 35.227 21.429 26.116 28.617 34.776

Sweden 118 181 21 215 129 203 185 221
54.820 48.629 47.921 49.895 49.119 50.195 52.795 50.406

Turkey 3 12 15 14 27 13 20 10
26.897 36.310 40.730 55.321 21.023 35.998 40.888 57.408

Bulgaria ns 198 259 358 126 205 268 327
29.620 29.366 33.409 21.532 23.381 25.699 35.298

Croatia 159 246 284 339 147 222 260 297
27.838 40.149 45.957 54.139 27.200 39.432 45.624 56.359

Latvia 58 158 208 261 93 154 209 249
26.685 44.732 46.066 57.609 29.068 37.134 45.998 55.771

Lithuania 102 154 225 275 105 166 209 266
38.816 31.998 38.670 46.750 23.801 32.341 35.906 46.002

'\C":if]:c" ns 218 247 310 ns 181 235 318
28.166 33.234 38.833 33.751 32.614 40.985

Serbia ns 141 201 225 90 162 190 167
48.669 40.008 42.830 32.247 32.688 37.876 49177

Slovenia 121 222 268 333 154 225 284 336
35.485 36.513 40.893 40.522 43.335 38.527 39.303 40.905

Thailand ns ns ns ns ns ns ns ns

Note: Standard errors on the white row. When the difference between school and home is statistically
significant the corresponding value appears in bold.
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To explore whether computer use occurs at school or at home and whether
the effects on science scores vary with location, the location of computer use
is here defined according to the location of the highest frequency of use, as
students may use a computer both at home and at school. A student who uses
a computer once a week at home and almost every day at school is defined as
using a computer at school.

Table 4.7 shows the estimated increase in “average” science scores due to
computer use at home and at school. While the findings are less clear, some
patterns can be identified. In particular, in a large majority of countries,
the benefits from higher computer use tend to be greater at home than at
school. Therefore, despite the better environment and support that schools
are expected to provide, computer use tends to have less impact at school
than at home.

These differences are statistically significant only in some countries. In
Canada, Finland, Germany, Iceland, Japan, Poland, Portugal and Spain and
in partner country Croatia the effect of computer use at home is significant
for almost all frequencies of use. In Belgium, Greece and Italy and in partner
countries Bulgaria and Serbia, the difference in favour of home is significant
only at high frequencies of computer use.

For other countries, the lack of statistically significant findings does not
necessarily imply that differences between school and home are negligible. It
may be due to the fact that frequency hides a significant variation in the actual
use of ICT and to the relatively small number of observations available when
uses are split among locations. In addition, as mentioned above, other studies
based on different methodologies have suggested that computer use matters
more at home than at school. Moreover, the larger effect of computer use at
home appears too generalised to be dismissed. In sum, although there was no
clear answer to this question, there is evidence that the benefits of computer
use at school, as compared to use at home, should not be taken for granted.

Lessons for educational policy: is ICT enough?

The analysis has shown that computer use increases student performance
but that this increase is not the same for all students. Students with high capital
benefit more from an increase in computer use than students with low capital.
This finding has two interesting policy implications. First, as the benefits from
computer use depend on the characteristics of each student, policies to increase
ICT use need to be tailored to students. This means that policy makers should
try to identify the relevant personal and socio-economic characteristics. The
analysis presented in this chapter provides a tool for targeting students.

Second, the positive effects of computer use on student performance
are greatest when they are supported by a sufficient level of capital. Skills,
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interests and attitudes affect students’ engagement with ICT, the activities
they carry out on the computer and how well. An increase in ICT use that
is not supported by an increase in capital would have a lower impact on stu-
dent performance. Figure 4.7 illustrates this point. If a student increases his/
her computer use from “never” to “almost every day” and if this increase
is accompanied by an increase of his/her capital, His/her performance will
increase along the straight line. If the same student increased his/her com-
puter use from “never” to “almost every day” but his/her level of capital
remained unchanged, he/she would move along the dotted line, which is

always below the straight one.

Figure 4.6. Increase in science scores due to computer use: average
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Figure 4.7. Increase in science scores due to computer use: average and differential
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This finding implies that a policy to increases computer use among dis-
advantaged students will be fully effective only is it is accompanied by other
policies to increase their capital, improve their complementary skills, raise
their interest and change their attitudes.

Conclusions and implications

The analysis of the relation between ICT use and science scores in
PISA 2006 reinforces the main findings of PISA 2003 and other studies
regarding ICT use and performance and reveals a complex, non-linear rela-
tion. The results show the need for more micro-studies that explore the kinds
of computer usage that are most effective for subject-based learning as meas-
ured in PISA and other surveys, as well as how they relate to other mediating
variables, such as individual, family and school characteristics.

The analysis also confirmed once again the strong influence of the home,
notably in the relation between home computer use and performance in PISA
science scores. Although it is not possible to talk about causality, the find-
ings suggest that schools are not always able to compensate for what students
experience and learn at home. This calls for stronger links between school-
work and what students do at home, in particular with respect to students’ use
of ICT for entertainment and school activities. This is particularly important
in order to better support low achievers.

The apparently negative association between performance and some
kinds of computer usage, shown by PISA 2003 and now PISA 2006, carries
a warning not to assume that more is better for students’ performance. On
the one hand, it suggests that it is the quality, rather than the quantity, of
ICT usage that determines the contribution that these technologies make to
students’ academic performance. On the other hand, it suggests that school
subject knowledge assessments such as PISA may not capture the full effect
of ICT use in learning and that new assessments should be developed and
implemented to measure what have been called 21st century skills. These are
cross-disciplinary skills, many of them directly related to the use of ICT or
what has been called ICT literacy. Many projects have explored these new
instruments, and many countries have started to use them at a national level.
But to date, there has been no international large-scale ICT-based assessment
to measure 21st century skills. Moreover, the micro-econometric analysis also
revealed that the effect of ICT use is not the same for all students. A combina-
tion of economic, cultural and social factors seems to play an important role
in determining the set of competences, skills and attitudes that students may
require to achieve the full benefits of ICT use.
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Key findings

*  The key finding for mathematics scores in PISA 2003 were confirmed
for science scores in PISA 2006.

* Students’ experience with using computers is positively related to
their PISA 2006 science scores. Those with less than a year’s experi-
ence typically perform only the simplest science tasks. On average
they score more or less one proficiency level below those with more
than five years of experience using computers. These differences
decrease but remain important when controlling for students’ socio-
economic background.

*  Frequency of computer use at home is more clearly correlated with
PISA 2006 science scores than with frequency of computer use at
school. In every country, students reporting rare or no use of comput-
ers at home score lower than their counterparts reporting frequent
use. However, students using computers most frequently at school do
not perform better than others in all countries.

* Students with higher levels of computer use for a range of purposes
do not always have better PISA 2006 science scores. Students with a
medium level of computer use most often had the best results.

» Students with high confidence in their ability to undertake Internet
tasks or to use the computer to perform high-level tasks performed
better in science in PISA 2006 than did less confident students.

* The educational benefits young people can obtain from computer
use may vary according to their economic, cultural and social capital
which helps them to acquire the necessary set of competences, skills
and attitudes.
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Chapter 5

Conclusions and policy recommendations

PISA 2006 data have unveiled a number of interesting messages in terms of ICT
accessibility and use by 15-year-old students. This chapter summaries the main
findings and draws out some important policy recommendations particularly
regarding how education can cope with the emerging second digital divide, the
importance of ICT in the development of 21st century skills and, finally, the need
for monitoring progress over time, particularly through dedicated indicators of

educational uses of ICT.
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Conclusions

Today all students in OECD countries are familiar with computers

On the whole, less than 1% of 15-year-old students in OECD coun-
tries declared that they had never used a computer. In the light of progress
since 2000, this may no longer be the case even for that small percentage.
Interestingly, neither gender nor socio-economic status is an important deter-
minant in this respect.

Although familiarity with computers has increased rapidly, not all stu-
dents present the same level in terms of length or intensity of ICT use. In a
number of OECD countries, the majority of students have at least five years
of experience with computer use; and in all PISA countries, the majority of
students have at least three years of experience.

Frequency of use at home is not paralleled by use at school

Most 15-year-old students use their computers frequently at home but not
in school. In most OECD countries more than 80% use computers frequently
at home but a majority do not use them at school, except in Hungary. Since
2003, the increase has been similar in both home and school use, but the dif-
ference remains significant.

Despite increasing investment in ICT infrastructure in schools,
student-computer ratios are still a handicap for ICT use in schools

The OECD average is five students per computer. It has dropped by 50%
since 2000, when it was ten students per computer, but it is roughly the same
as it was in 2003. This might suggest that there have been no significant
investments in computer equipment between 2003 and 2006, but old comput-
ers may have been replaced by new ones. In this case, it would be a positive
development. However, data regarding expenditure on technology in educa-
tion are lacking.

Digital media are increasingly used as educational resources, but
disparities across countries are large

As access to digital media at home increases, the importance of books
as tools for coursework decreases. Interestingly, this seems to favour the
Internet rather than educational software. In most countries, educational
software is the least frequent resource used at home.
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The main use of computers is related to the Internet or to
entertainment

More than 60% of students frequently use their computers for e-mail or
chatting (69%) and to look up information about people, things or ideas on
the Internet (61%). More than 50% frequently use them to download music
(58%) and play games (54%), and the relatively lowest percentage of frequent
computer use is to download software (41%) and to collaborate with a group
or team (37%). Compared to PISA 2003, 15-year-old students’ use of all types
of use classified here as Internet and entertainment has increased the most.

A variety of student profiles are linked to different uses of
technology

Although both gender and socio-economic status are closely linked to
particular uses of computers, student profiles introduce a more nuanced
picture. These profiles reflect certain types of use of ICT, either for educa-
tion or entertainment. They take into account not only a student’s gender
or socio-economic status but also individual characteristics such as self-
confidence in doing computer-based activities and performance in the PISA
science test.

The six suggested profiles (analogue, digi-casual, digi-wired, digi-spo-
radic, digi-educational, and digi-zapper) reflect a variety of computer uses
which relate to socio-economic status (ESCS) and gender. They also appear
to be linked to performance in science. They suggest that in place of the
common dichotomy of “male gamer” and “female communicator”, males and
females are better identified with these more multifaceted profiles of users
of digital media.

The strong socio-economic differences in students’ use of computers for
leisure activities is not matched by similar differences in the type of activities
more likely to be practiced in school. In fact, the difference between students
from the bottom and top ESCS quarters is twice as large for Internet and
entertainment uses as it is for programmes and software uses. This is an
important finding because it gives support to the assumption that school use
of digital media can help to reduce the digital divide.

ICT familiarity matters for educational performance

Performance differences associated with the length of time students have
been using a computer remain once socio-economic background is accounted
for. Clearly, higher performers have more experience with computer use. The
biggest differences are between students who have just started using com-
puters (less than a year) and those who have used computers for at least one
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year. Compared to students who have used a computer for less than a year
and accounting for ESCS in OECD countries, there is, on average, a 30 score
point advantage for students who have used computers for one to three years;
a 51 score point advantage for students who have used computers for three
to five years; and a 61 score point advantage for students who have used
computers for more than five years. In fact, in Australia, Austria, Belgium,
Iceland and Korea, accounting for socio-economic background, the perform-
ance differences between students who have used a computer for more than
five years and students who have used a computer for less than one year are
equivalent to one proficiency level or more on the PISA science scale.

There is a stronger correlation between educational performance
and frequency of computer use at home than at school

In a large majority of countries, the benefits of greater computer use tend
to be larger at home than at school. Therefore, despite the better environment
and support that schools are expected to provide, the use of computer tends
to have less impact at school than at home, although the differences are sta-
tistically significant only in some countries. In Canada, Finland, Germany,
Iceland, Japan, Poland, Portugal and Spain and in the partner country Croatia,
computer use at home has a significantly greater effect for almost all frequen-
cies of use. In Belgium, Greece and Italy and in partner countries Bulgaria and
Serbia, the difference in favour of home is significant only at high frequencies
of computer use.

In every country, students reporting “rare” or “no use” of computers at
home score lower than their counterparts who report frequent use. In all OECD
countries except Turkey, students using computers frequently at home perform
at level 3 on the science proficiency scale. In the majority of OECD countries,
students rarely or never using computers at home perform at level 2, except in
Canada, Finland, Japan, Korea and Sweden, where they perform at level 3, but
always below frequent computer users. With respect to moderate users at home
their performance on the science proficiency scale is lower than that of frequent
users in the majority of countries and higher than that of rare or non-users; they
perform at the mid-lower end of level 3 and mid-higher end of level 2.

For frequency of use at school, the association with performance is less
clear. In the majority of OECD countries, students with different frequencies
of use perform very similarly in the PISA science test. In fact, on average in
OECD countries, moderate and rare or non-users score the same and frequent
users slightly lower. However, in Finland, Germany, Greece, Italy, Japan,
Korea, New Zealand, Spain and Turkey, more frequent computer users per-
form less well than less frequent users. Also, in Belgium, Canada, Iceland,
Netherlands, Norway, Sweden and Switzerland, moderate users perform
better than frequent and rare or non-users.
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Clearly, in the case of school use, more computer use does not mean
better results in subject-based standardised tests such as PISA 2006. This
observation is consistent with findings in previous studies which show that
larger amounts of computer use are not always associated with better aca-
demic performance.

With the right skills and background, more frequent computer use
can lead to better performance

The analysis of PISA data shows that for educational performance,
computer use amplifies a student’s academic skills and competences. These
competences are closely related to the student’s background, and particularly
to his/her economic, cultural and social capital.

If a student — because of family, peer group or school — has a good stock
of cultural and social capital, he/she can benefit from computer use in a way
that increases educational performance. Given the lack of such capital, the
benefits from more computer use would be limited.

Skills, interests and attitudes affect students’ engagement with technol-
ogy. An increase in computer use either at home or at school that is not sup-
ported by higher cultural and social capital will have less impact on student
performance. This makes the issue of the digital divide particularly critical
in education.

The first digital divide has faded in schools but a second one is
emerging

In all OECD countries except Mexico, all students attend schools
equipped with computers, 88% of which are connected to the Internet. In
Mexico, 2% of students do not attend equipped schools.

There is almost no correlation between students’ socio-economic back-
ground and never using a computer at school or with what their schools’
principal reports as the proportion of computers available for instruction or
connected to the Internet. These results indicate that the digital divide is not
an issue at schools.

On average, 87% of students have access to a computer at home. In
most OECD countries this is the case for at least three-quarters of students.
The exceptions are Greece (74%), Japan (63%), Mexico (42%) and Turkey
(38%). Seventy-six percent of students have access to the Internet at home; in
20 OECD countries this is the case for at least three-quarters of all students.
The increase since 2003 is noteworthy: access to a computer at home has
increased by 7 percentage points and access to the Internet by 12 points.
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However, there is still a digital gap related to home access. The socio-
economic background of students still plays a strong role, especially for dig-
ital educational resources. However, the differences are decreasing in OECD
countries, owing to the sharp increase in access among students in the bottom
quarter. The percentage difference between students in the top and bottom
quarters of the PISA index of ESCS, in terms of how likely they are to have
computers at home, is still 25%, a large figure even though it has improved
from 36% in 2003.

In the light of the results of this study, it can be concluded that the impor-
tance of the digital divide in education goes beyond the issue of access to
technology. A second form of digital divide has been identified between those
who have the necessary competences and skills to benefit from computer use
and those who do not. These competences and skills are closely linked to stu-
dents’ economic, cultural and social capital. This has important implications
for policy and practice.

Policy recommendations

Among the policy implications of this report, some are related to the need
to increase awareness of the consequences and opportunities of technology-
rich learning environments or the need for co-ordinated and holistic policies.
Moreover, there are operational implications regarding changes needed in the
classroom. The following presents these policy implications in more detail.

Raise awareness among educators, parents and policy makers of
the consequences of increasing ICT familiarity

In OECD countries students are quite familiar with computers and are
increasingly becoming heavy users of digital media. As the OECD project
on the New Millennium Learners' shows, this is likely to have important
implications in areas such as cognitive skills development, social values and
attitudes, and learning expectations.

Educators and policy makers have to address the important social, cul-
tural and economic changes that ICT implies for young people, often without
the necessary adult assistance and participation. When addressing this issue,
it is important to discard simplifications and stereotypes and recognise that
students use technology in a variety of way.

Policy makers have to consider the educational implications of the changes
brought about by technology. First, students need technology and access to
digital media for learning purposes which current provision in schools may not
adequately meet. More importantly, education standards need to include the
kind of skills and competences that can help students become responsible and
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performing users of technology and to develop the new competences required
in today’s economy and society which are enhanced by technology, in particu-
lar those related to knowledge management.

Teachers need a clear policy message in this respect: public recognition
that teachers are expected to deal with these competences as a priority in their
subject areas or domains. This public recognition will require the inclusion
of these competences in national and international assessments. In a number
of respects, those responsible for teaching the new millennium learners have
to be able to guide them in their educational journey through digital media.
Teacher training, both initial and in-service, is crucial for disseminating this
key message and for equipping teachers with the required competences.

Parents also need to be aware of these changes. In the light of the find-
ings of this study, it is clear that parents have a crucial responsibility to
help their children develop a responsible attitude to using digital media in a
networked environment. Their influence has to go beyond safety issues to
include approaching digital media critically to make the most of them. Public
policies can help to raise parental awareness in this respect.

Identify and foster the development of 21st century skills and
competences.

Social and economic developments require equipping young people with
new skills and competences that will allow them to benefit from emerging
forms of socialisation and to contribute actively to economic development
under a system in which knowledge is the main asset. These skills and com-
petences are often referred to as 21st century skills and competences, to indi-
cate their relation to the needs of emerging models of economic and social
development rather than those of the past century, which were better suited
to an industrial mode of production.

Young people are already experiencing the new forms of socialisation and
social capital acquisition that ICT developments are contributing to create.
Their education, both at school and at home, must provide them with the social
values and attitudes and with the constructive experiences that will allow them
to use these opportunities responsibly so as to contribute to these new spaces
of social life and benefit from new windows for informal learning.

Today’s labour force needs the skills and competences that are required
by a knowledge economy. Most of these are related to knowledge manage-
ment and include processes related to selection, acquisition, integration,
analysis and sharing of knowledge in socially networked environments. Not
surprisingly, most of these competences, if not all, are either supported or
enhanced by ICT. For young people, schools are the only place where such
competences and skills can be gained.
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Accordingly, governments should make an effort to identify and concep-
tualise the required set of skills and competences so as to incorporate them
into the educational standards that every student should be able to meet by
the end of compulsory schooling. Two requirements must be fulfilled. First,
participation of both economic and social institutions, ranging from compa-
nies to higher education institutions, is critical. Second, this set of skills and
competences must become the core of what teachers and schools care about.
This will only be achieved by incorporating them into national education
standards that are enforced and assessed by governments.

Address the second digital divide

Among young people in OECD countries, the first digital divide seems
to be disappearing: access to ICT is no longer an issue. However, a second
and more subtle digital divide is emerging, which is related to the educa-
tional benefits young people obtain from computer use depending on their
economic, cultural and social capital. According to the results of this study,
computer use can make a difference in educational performance if the student
has the appropriate set of competences, skills and attitudes. Without these, no
matter how intense the student’s use of a computer, the expected benefits will
not be realised. Therefore, computer use, and perhaps use of digital media use
in general, tends to enhance the positive influence of a student’s cultural and
social capital and add significant gains in terms of educational performance.

This is another powerful reason for governments to engage in the iden-
tification of the 21st century skills and competences, and for teachers and
schools to consider the importance of developing them in order to address
this second digital divide. Teachers and schools can make a difference for stu-
dents who lack the cultural and social capital that will allow them to benefit
from the use of digital media in a way that is significant for their educational
performance. If teachers and schools fail to acknowledge this second digital
divide, and act accordingly, they will reinforce its emergence.

It is important to realise that the fact that students appear to be tech-
nologically “savvy” does not mean that they have developed the skills and
competences that will make them responsible, critical and creative users of
technology. The fact that educators — parents and particularly teachers — are
less familiar with the technology than young people should not be an excuse
to relinquish their educational responsibility for developing these 21st century
skills and competences.
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Adopt holistic policy approaches to ICT in education

While the availability of computers and Internet connections at schools
is clearly a prerequisite for ICT use, it is a necessary but not a sufficient
condition. The availability of educational software and other digital learn-
ing resources and the ICT competences of teachers are equally important in
ensuring broader and more efficient use of ICT in the teaching and learning
processes, both at school and at home. Further investments in relevant poli-
cies could enhance the development of new ICT-based pedagogies that would
lead to wider application in the educational sector of technologies that stu-
dents increasingly and widely use at home mainly for recreational purposes.
These three investment policies are closely interconnected among themselves
and with ICT use. Higher levels of ICT use could lead to more demand for
more and better quality digital content and higher levels of teachers’ ICT
competences, potentially creating a virtuous circle.

Certainly, besides public investments, other factors could improve ICT
use in schools. An overall favourable environment, the inclusion of ICT in
curriculum design or strong leadership and commitment from teachers and
headmasters to implement ICT-rich teaching could also significantly influ-
ence the use of ICT in schools.

Perhaps, as the PISA 2006 data partially show, one of the limitations
of many educational ICT policies is that most countries have not developed
holistic policies for the educational use of ICT. The current results suggest
the value of critically evaluating current policies and their results in order
to develop complementary policies that would maximise the effects of the
deployed infrastructure.

Adapt school learning environments as computer ratios improve
and digital learning resources increase

In their traditional form, schools are not the best learning environment
for developing the competences required by today’s society and economy.
Developing these competences will require a particular learning environment
which offers easy access to digital media. Students should be able to locate
and use a computer at any time, according to the particular needs of their
individual and team assignments.

Although there are indications of innovative developments in this direc-
tion everywhere, governments should provide the conditions for them to
flourish and should assess their effects. Two areas which deserve particular
public policy attention are computer ratios and the availability of digital
learning resources.
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Benefitting from recent technology and market developments, a number
of countries have begun to experiment with one-to-one computing (one
computer per student). Although it is too early to say whether the results of
these experiences justify the one-to-one principle, it is increasingly clear that
today’s average ratio of students per computer (five in 2006 as in 2003) is not
good enough to provide substantial opportunities for computer use in schools.
Governments need to explore the opportunities offered by new technology and
market opportunities and make an effort to invest in low-cost computers when
replacing desktop machines. This alone could result in better ratios and avail-
ability of computers for student use, as low-cost computers are mostly laptops.

Availability of digital learning resources should be the second priority
for the development of these new learning environments. Nordic countries
in particular® have addressed this issue with a variety of government-led
initiatives by textbook producers and public broadcasting companies and,
more recently, by support for bottom-up initiatives created by communities
of user-producer teachers.

Promote greater computer use at school and experimental research
on its effects

PISA 2006 data unveiled a number of interesting messages in terms of ICT
accessibility and use by 15-year-old students. They show that while there is
an increasingly better ICT infrastructure in schools in terms of computers and
Internet access, its use remains weak, especially compared to home ICT use.
Although this finding cannot be generalised to all participating countries,
and differences across countries are significant, it indicates that ICT use is
not simply the result of the available infrastructure, where most public invest-
ments in ICT in education have focused until now. This opens a debate about
the type of policies that should be encouraged to foster ICT use in schools.

One of the most striking findings of this study, and of previous ones as
well, is that even accounting for a student’s socio-economic status, there
is a significant correlation between computer use at home and educational
performance, a correlation that does not appear for computer use at school.
Some analysts have rightly pointed out that in a school setting what matters is
the use of the computer in the wider context of a particular educational strat-
egy. According to this view, gains in educational performance would only
appear in the presence of a successful educational strategy. Therefore, the
amount of use, i.e. the time a computer is used, would not matter at all. This
certainly makes sense from a strictly educational perspective, but fails to
explain why substantial gains in educational performance are correlated with
the frequency of computer use at home. This is even more striking in view
of the mostly leisure or entertainment-oriented nature of computer activities
performed by students at home.
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An alternative explanation for the lack of correlation between computer
use at school and educational performance is that frequency of use is cur-
rently irrelevant. There are positive gains from computer use at home because
the frequency of use has reached a critical level. According to the existing
evidence, such a level is far from the marginal one a student currently experi-
ences at school.

Clearly, increased frequency of computer use at schools cannot be
achieved simply by governmental regulations. Use will increase only with
the implication of teachers and schools’ commitment to develop 21st cen-
tury skills and competences and efforts to remove the second digital divide.
As said, this will be facilitated by recent technology and market develop-
ments which, even in a context of economic crisis, can provide a window of
opportunity.

Governments should therefore make an effort to convey the message that
computer use matters for the education of young people and do their best to
engage teachers and schools in raising the frequency of computer use to a
level that becomes relevant. This would constitute a clear indication of teach-
ers’ and schools’ engagement with the development of 21st century skills and
competences, but it would also be expected to lead to gains in educational
performance.

Governments need to create the necessary incentives. As responsible
professionals teachers are particularly receptive to one powerful incentive:
the evidence of what works. Until now research in the field of ICT in educa-
tion has not been able to develop an evidence base from which teachers can
obtain clear guidelines for improved practice. This is at least partly because
of the scattered qualitative case-based research that seems to have dominated
the field. It is in the best interests of the uptake of computer and digital media
at schools that governments invest in large-scale experimental research and
panel studies, as a few OECD countries are already doing.

The pending agenda

Data availability remains one of the main handicaps for understanding
the role of ICT in education. New data could give a more nuanced picture
of the availability and use of ICT and its effects on educational attainment,
the quality of the teaching and learning process, and the development of the
21st century competences.

Many of these new data could be developed using the PISA ICT famili-
arity questionnaire, amending some current questions or introducing some
new ones. In particular, more precise data would be needed on ICT use as
the current questionnaire allows for potentially large disparities in certain
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categories. For example, “almost every day” could mean students who use
ICT 15 minutes a day or those who use it 5 hours a day. In addition, questions
related to the types of ICT use should be modified to measure more accu-
rately 21st century competences, such as editing, revising, writing, working
on spreadsheets or preparing presentations rather than simply familiarity
with basic IT tasks. Equally, the questionnaire could introduce some new
dimensions in current questions, e.g. use of digital learning resources for
schoolwork both at home and in school, classified by subject. This would pro-
vide important data for understanding the development and effects of policies
aiming at expanding the available digital content.

The use of the questionnaire could guarantee the representativeness of
the sample as well as the comparability of the results across countries and
their link with educational performance.

Indicators are needed on ICT uptake and use in education. Although
PISA studies will remain one of the most important sources of evidence in
this area, knowledge economies and societies would greatly benefit from a set
of indicators that would monitor progress in ICT uptake and give important
information about use, ranging from issues such as frequency to purpose and
effects. If carried out in an internationally comparable framework, such as the
one OECD provides for indicators in education, they can become an impor-
tant tool for benchmarking policies and practices across countries.

In addition to PISA studies and indicators of ICT in education, a third
source of evidence would be required to overcome the constraint imposed
by the fact that most current information comes from declarations (students,
teachers and head teachers) rather than from direct observation. As argued
above, large-scale experimental research and panel studies can make an
important contribution to enlarge the evidence base on ICT in education.

Finally, the new data should be analysed in order to understand better the
determinants and effects of ICT use in school and at home and the effect of
ICT use on educational performance, the development of 21st century skills
and competences, and the improvement of the quality of the teaching and
learning process. This would make it possible to develop better informed
policies and thus enhance the potential effectiveness and efficiency of policy
design and increase public accountability.
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Notes

See www.oecd.org/edu/nml.

The OECD is currently developing a comparative study on the use of technology
in initial teacher training. See www.oecd.org/edu/nml/itt.

As in the OECD study on Digital Learning Resources as Systemic Innovation in
the Nordic Countries. See www.oecd.org/edu/systemicinnovation/dlr.
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Supplementary tables
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Table A.1. Students who have never used a computer

Participating % all students Increase/decrease from PISA 2003 PISA 2006
countries PISA 2003 PISA 2006 PISA 2003 to PISA 2006 % males % females % males % females
Australia 0.15 0.53 0.38 0.03 0.27 0.76 0.29
Austria 0.09 017 0.08 0.04 0.14 0.31 0.03
Belgium 0.53 0.39 -0.14 0.44 0.61 0.51 0.26
Canada 0.47 0.42 -0.05 0.20 0.76 0.65 0.18
Chile 0.95 1.06 0.83
Czech Republic 0.23 0.57 0.34 0.31 0.15 0.75 0.33
Denmark 0.05 0.28 0.23 0.03 0.07 0.47 0.10
Finland 0 0.07 0.07 0.08 0.06
Germany 0.2 0.53 0.33 0.32 0.08 0.82 0.23
Greece 1.96 3.16 1.2 2.53 1.35 3.22 310
Hungary 0.11 0.62 0.51 0.14 0.09 0.82 0.39
Iceland 0.06 0.66 0.6 0.00 0.12 1.23 0.10
Ireland 0.29 1.33 1.04 0.27 0.30 1.66 1.02
Italy 1.83 1.68 -0.15 210 1.54 1.70 1.66
Japan 1.44 2.38 0.94 1.01 1.89 2.58 2.16
Korea 0.11 0.25 0.14 0.03 0.16 0.38 0.12
Mexico 13.12 13.79 12.36

Netherlands 0.44 0.50 0.38
New Zealand 0.25 0.59 0.34 0.30 0.21 0.82 0.38
Norway 1.04 1.22 0.85
Poland 0.52 0.43 -0.09 0.37 0.67 0.41 0.44
Portugal 0.58 0.71 013 0.57 0.59 0.55 0.86
Slovak Republic 3.82 1.42 2.4 013 0.27 1.63 1.19
Spain 217 2.96 1.36
Sweden 0.2 0.52 0.32 0.88 0.13
Switzerland 0.34 0.4 0.06 0.31 0.37 0.61 0.18
Turkey 14.43 6.61 -7.82 21.04 9.06 4.07 9.68
United States 1.46 2.57

OECD average 1.71 1.09 -0.62 217 1.60 118 1.02
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Table A.1. Students who have never used a computer (continued)

Participating % all students Increase/decrease from PISA 2003 PISA 2006
countries PISA 2003 PISA 2006 PISA 2003 to PISA2006 % males % females % males % females
Partner countries

Bulgaria 3.9 4.57 3.18
Colombia 2.96 3.07 2.87
Croatia 1.44 1.15 1.74
Jordan 3.53 5.16 1.98
Latvia 0.59 0.83 0.24 0.71 0.47 1.00 0.67
Liechtenstein 0.3 0.62 0.32 0.00 0.59 1.35 0.00
Lithuania 0.69 0.80 0.58
Macao, China 0.78 0.95 0.60
Qatar 513 6.25 4.08
Russian Federation 6.19 6.04 -0.15 715 5.23 5.79 6.27
Serbia 1.39 4.27 2.88 1.29 1.50 378 477
Slovenia 0.45 0.72 0.18
Thailand 5.83 0.3 -5.53 5.86 5.79 0.36 0.26
Uruguay 3.89 1.95 -1.94 440 3.34 2.25 1.67
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Table A.2. Percentage of students with access to a computer to use for schoolwork and a
link to the Internet at home, PISA 2003 and PISA 2006

Results based on students’ self-reports

A computer you can use for schoolwork Alink to the Internet
PISA 2003 PISA 2006 PISA 2003 PISA 2006
Australia 94.0 96.3 84.6 91.9
Austria 93.0 95.7 69.4 80.0
Belgium 87.2 93.4 74.8 89.1
Canada 93.3 96.3 88.8 94.0
Chile 54.3 30.2
Czech Republic 76.7 86.8 491 66.4
Denmark 93.3 98.3 834 95.7
Finland 87.9 95.3 76.7 92.6
France 78.6 86.1 55.9 73.0
Germany 91.0 95.4 73.5 87.5
Greece 52.8 74.0 35.3 53.4
Hungary 67.6 85.3 26.0 50.7
Iceland 96.8 98.1 92.3 97.7
Ireland 79.9 87.9 66.2 80.5
Italy 78.0 89.4 62.4 72.2
Japan 46.2 62.5 60.5 74.9
Korea 951 97.2 931 96.5
Luxembourg 90.1 93.2 75.4 86.7
Mexico 33.2 42.0 18.4 23.3
Netherlands 95.9 974 89.0 96.5
New Zealand 87.3 93.3 82.1 89.4
Norway 93.6 96.8 87.6 95.6
Poland 60.3 79.6 34.2 51.3
Portugal 74.7 86.1 475 58.1
Slovak Republic 571 7741 174 40.2
Spain 79.0 88.1 49.8 65.8
Sweden 94.9 97.8 89.6 96.7
Switzerland 86.6 96.0 79.1 93.4
Turkey 23.3 38.2 14.4 24.6
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Table A.2. Percentage of students with access to a computer to use for schoolwork and a
link to the Internet at home, PISA 2003 and PISA 2006 (continued)

A computer you can use for schoolwork Alink to the Internet
PISA 2003 PISA 2006 PISA 2003 PISA 2006

United Kingdom 91.4 95.2 80.7 90.4
United States 87.5 88.8 81.8 85.1
OECD 78.9 86.9 64.6 76.4
Argentina 48.6 29.9
Azerbaijan 15.7 13.0
Brazil 271.2 36.0 233 38.8
Bulgaria 65.8 59.0
Chinese Taipei 89.2 91.8
Colombia 31.0 15.6
Croatia 84.1 711
Estonia 82.9 80.7
Hong Kong, China 92.7 97.0 88.4 96.9
Indonesia 79 14.4 2.6 4.3
Israel 90.0 84.1
Jordan 59.2 29.7
Kyrgyzstan 121 71

Latvia 44.0 72.6 16.3 52.3
Liechtenstein 94.2 95.5 81.2 96.4
Lithuania 80.1 56.7
Macao, China 89.4 947 67.0 89.4
Montenegro 59.9 54.3
Qatar 87.7 81.3
Romania 61.0 321
Russian Federation 291 58.7 13.9 34.4
Serbia 38.4 72.3 259 51.6
Slovenia 96.8 85.9
Thailand 26.3 40.6 18.7 23.3
Tunisia 20.0 32.3 10.7 20.2
Uruguay 45.6 56.7 35.6 40.3
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Table A.3. Percentage of students with access to various ICT and
educational resources at home, by national top and bottom quarters of
the index of economic, social and cultural status (ESCS)

A computer you can use Books to help with
for schoolwork Educational software your schoolwork
Bottom quarter  Top quarter | Bottom quarter ~ Top quarter | Bottom quarter ~ Top quarter
Australia 89.9 99.6 89.9 99.6 72.7 95.6
Austria 89.6 98.8 89.6 98.8 69.0 93.4
Belgium 83.5 98.9 83.5 98.9 745 94.5
Canada 89.9 99.8 89.9 99.8 66.6 92.5
Chile 15.3 90.7 15.3 90.7 83.6 96.9
Czech Republic 65.6 99.0 65.6 99.0 86.5 98.7
Denmark 95.4 99.9 95.4 99.9 75.4 96.8
Finland 88.8 99.2 88.8 99.2 76.8 95.8
France 65.9 97.8 65.9 97.8 79.8 96.8
Germany 88.9 99.2 88.9 99.2 84.7 97.8
Greece 46.9 91.8 46.9 91.8 68.9 87.7
Hungary 60.1 98.7 60.1 98.7 81.0 99.4
Iceland 96.3 99.5 96.3 99.5 85.9 99.5
Ireland 71.8 96.7 71.8 96.7 78.8 96.0
Italy 4.7 97.8 4.7 97.8 88.5 97.7
Japan 36.6 78.3 36.6 78.3 77.0 95.5
Korea 92.4 99.6 92.4 99.6 62.0 94.8
Luxembourg 84.3 98.6 84.3 98.6 83.2 96.2
Mexico 5.2 85.1 5.2 85.1 59.9 92.4
Netherlands 94.4 99.2 94.4 99.2 42.0 84.8
New Zealand 81.9 99.4 81.9 99.4 76.1 96.5
Norway 91.9 99.9 91.9 99.9 78.1 99.6
Poland 457 98.0 457 98.0 91.3 99.6
Portugal 63.9 98.9 63.9 98.9 80.0 96.5
Slovak Republic 45.6 94.6 45.6 94.6 779 98.7
Spain 71.8 97.3 71.8 97.3 81.2 94.3
Sweden 94.2 99.9 94.2 99.9 68.3 97.5
Switzerland 92.0 98.5 92.0 98.5 71.9 93.5
Turkey 7.7 772 7.7 772 68.2 97.0
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Table A.3. Percentage of students with access to various ICT and
educational resources at home, by national top and bottom quarters of
the index of economic, social and cultural status (ESCS) (continued)

A computer you can use Books to help with
for schoolwork Educational software your schoolwork
Bottom quarter  Top quarter | Bottom quarter ~ Top quarter | Bottom quarter ~ Top quarter
United Kingdom 86.4 99.8 86.4 99.8 84.2 98.2
United States 69.5 99.5 69.5 99.5 68.1 93.8
OECD 72.4 96.7 72.4 96.7 75.3 95.7
Argentina 14.5 88.7 14.5 88.7 76.7 941
Azerbaijan 34 415 34 415 49.8 88.5
Brazil 5.9 75.6 5.9 75.6 80.2 95.3
Bulgaria 229 95.5 229 95.5 65.0 95.3
Chinese Taipei 79.8 95.2 79.8 95.2 50.4 91.6
Colombia 43 7.3 43 7.3 72.0 971
Croatia 62.3 96.0 62.3 96.0 86.8 96.5
Estonia 64.8 93.7 64.8 93.7 78.3 97.9
Hong Kong, China 92.7 98.9 92.7 98.9 56.4 95.3
Indonesia 0.5 46.1 0.5 46.1 76.7 96.0
Israel 772 99.4 772 99.4 75.6 95.9
Jordan 241 88.2 241 88.2 45.3 79.4
Kyrgyzstan 4.5 29.6 4.5 29.6 82.7 95.3
Latvia 375 93.5 375 93.5 90.1 98.8
Liechtenstein 98.8 98.8 98.8 98.8 75.9 89.3
Lithuania 52.2 98.1 52.2 98.1 81.5 97.8
Macao, China 88.0 98.9 88.0 98.9 59.4 88.2
Montenegro 23.3 91.4 23.3 91.4 34.9 80.3
Qatar 72.4 97.7 72.4 97.7 60.7 93.6
Romania 20.8 92.5 20.8 92.5 78.6 98.3
Russian Federation 24.6 90.0 24.6 90.0 87.3 97.8
Serbia 39.2 95.5 39.2 95.5 85.8 97.7
Slovenia 91.2 99.4 91.2 99.4 91.0 98.6
Thailand 8.2 85.9 8.2 85.9 671 88.8
Tunisia 2.6 80.8 2.6 80.8 49.1 92.3
Uruguay 224 90.3 224 90.3 86.0 96.9
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Table A.4. Correlation between students’ ESCS and ICT resources at school

Table A.4a. Correlation between students’ ESCS and never having used a computer at
school (OECD countries)

Correlation
OECD countries Correlation standard error
Australia -0.07 0.01
Austria -0.04 0.02
Belgium -0.09 0.02
Canada -0.06 0.01
Chile 0.25 0.02
Czech Republic -0.10 0.02
Denmark -0.06 0.01
Finland 0.00 0.02
Germany 0.00 0.02
Greece 0.18 0.02
Hungary 0.03 0.02
Iceland -0.07 0.02
Ireland 0.01 0.02
Italy 0.01 0.02
Japan 0.02 0.03
Korea 0.05 0.03
Netherlands -0.03 0.03
New Zealand -0.02 0.02
Norway -0.05 0.02
Poland -0.01 0.02
Portugal -0.02 0.02
Slovak Republic -0.03 0.02
Spain 0.00 0.02
Sweden -0.06 0.02
Switzerland -0.03 0.02
Turkey 0.15 0.04
OECD -0.01 0.02
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Table A.4b. Correlation between students’ ESCS and schools principals’ reports about:

Proportion of computers available | Proportion of computers connected
for instruction to the Internet/WWW
OECD countries Correlation SE Correlation SE
Australia -0.02 0.04 0.00 0.04
Austria -0.06 0.05 -0.02 0.04
Belgium -0.02 0.04 013 0.03
Canada -0.06 0.03 0.01 0.03
Czech Republic -0.02 0.04 0.10 0.03
Denmark 0.01 0.03 0.04 0.03
Finland -0.06 0.04 0.04 0.02
Germany -0.08 0.04 0.02 0.04
Greece -0.15 0.09 0.01 0.04
Hungary -0.03 0.05 0.16 0.03
Iceland 0.07 0.02 0.09 0.01
Ireland -0.01 0.04 0.02 0.03
Italy -0.09 0.03 0.08 0.03
Japan -0.17 0.03 0.01 0.04
Korea -0.15 0.04 0.00 0.05
Luxembourg 0.10 0.01 0.00 0.01
Mexico -0.02 0.04 0.35 0.04
Netherlands -0.11 0.04 -0.01 0.04
New Zealand -0.07 0.03 0.04 0.03
Norway -0.02 0.03 0.00 0.03
Poland -0.10 0.04 0.06 0.03
Portugal 0.02 0.04 0.03 0.05
Slovak Republic -0.08 0.05 0.03 0.04
Spain 0.04 0.03 -0.10 0.05
Sweden 0.00 0.03 0.03 0.03
Switzerland -0.08 0.02 0.06 0.02
Turkey -0.02 0.05 0.06 0.05
United Kingdom -0.02 0.03 0.03 0.04
United States 0.03 0.04 0.09 0.05
OECD -0.04 0.04 0.05 0.04
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Table A.5. Computers per student by school location

Computers per student by school location

Rural locations or towns Cities Difference
Australia 0.30 0.33 -0.03
Austria 0.32 0.19 0.13
Belgium 0.18 0.14 0.04
Canada 0.25 0.22 0.03
Chile 0.05 0.06 -0.01
Czech Republic 015 0.16 -0.01
Denmark 0.22 017 0.05
Finland 0.18 0.18 0.00
Germany 0N 0.09 0.02
Greece 0.11 0.10 0.00
Hungary 0.22 0.23 0.00
Iceland 0.21 0.23 -0.02
Ireland 0412 012 0.00
Italy 0.15 013 0.03
Japan 0.33 0.24 0.09
Korea 0.38 0.24 0.14
Luxembourg 0.21 0.79 -0.57
Mexico 0.08 0.11 -0.04
Netherlands 0.19 0.18 0.01
New Zealand 0.26 0.26 0.00
Norway 0.31 0.27 0.04
Poland 0.09 0.07 0.02
Portugal 0.10 0.10 0.00
Slovak Republic 0.08 0.10 -0.02
Spain 013 0.12 0.01
Sweden 017 017 0.00
Switzerland 0.21 0.19 0.02
Turkey 0.08 0.05 0.03
United Kingdom 0.33 0.38 -0.05
United States 0.31 0.25 0.06
OECD 0.20 0.20 0.00
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Table A.5. Computers per student by school location (continued)

Computers per student by school location

Rural locations or towns Cities Difference

Argentina 0.05 0.05 0.00
Azerbaijan 0.01 0.02 -0.01
Brazil 0.02 0.04 -0.02
Bulgaria 0.06 0.06 0.00
Chinese Taipei 0.20 019 0.02
Colombia 0.21 0.14 0.07
Croatia 0.07 0.08 0.00
Estonia 0.1 0.09 0.01
Indonesia 0.03 0.07 -0.04
Israel 0.10 013 -0.02
Jordan 0.05 0.06 0.00
Kyrgyzstan 0.01 0.03 -0.02
Latvia 0.09 0.06 0.03
Liechtenstein 0.30

Lithuania 0.08 0.06 0.03
Macao, China 0.16 0.16 0.00
Montenegro 0.04 0.03 0.01
Qatar 017 0.15 0.02
Romania 0.08 0.07 0.01
Russian Federation 0.04 0.06 -0.02
Serbia 0.06 0.06 0.00
Slovenia 0.21 0.14 0.07
Thailand 0.10 0.11 -0.01
Tunisia 0.02 0.02 -0.01
Uruguay 0.07 0.06 0.01
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Table A.6. Correlation of percentage of various types of computers in school with ESCS

PISA 2006
Proportion of Proportion of Ratio of computers
computers available | computers connected Ratio of computers for instruction
for instruction to Internet/ WWW to school size to school size

Correlation SE Correlation SE Correlation SE Correlation SE

Australia -0.02 0.04 0.00 0.04 0.15 0.03 -0.02 0.01
Austria -0.06 0.05 -0.02 0.04 -0.02 0.02 0.02 0.04
Belgium -0.02 0.04 0.13 0.03 -0.02 0.03 0.00 0.03
Canada -0.06 0.03 0.01 0.03 -0.08 0.02 -0.07 0.02
Czech Republic ~ -0.02 0.04 0.10 0.03 0.03 0.03 0.03 0.03
Denmark 0.01 0.03 0.04 0.03 0.03 0.03 0.03 0.03
Finland -0.06 0.04 0.04 0.02 0.03 0.02 0.03 0.02
Germany -0.08 0.04 0.02 0.04 0.02 0.05 0.04 0.05
Greece -0.15 0.09 0.01 0.04 0.10 0.04 0.08 0.05
Hungary -0.03 0.05 0.16 0.03 -0.01 0.06 -0.01 0.06
Iceland 0.07 0.02 0.09 0.01 -0.02 0.02 0.01 0.01
Ireland -0.01 0.04 0.02 0.03 0.02 0.02 -0.04 0.04
Italy -0.09 0.03 0.08 0.03 -0.01 0.03 -0.01 0.03
Japan -0.17 0.03 0.01 0.04 -0.20 0.03 -0.07 0.03
Korea -0.15 0.04 0.00 0.05 -0.26 0.07 0.03 0.05
Luxembourg 0.10 0.01 0.00 0.01 0.15 0.01 0.16 0.01
Mexico -0.02 0.04 0.35 0.04 0.03 0.04 0.02 0.04
Netherlands -0.11 0.04 -0.01 0.04 -0.02 0.04 -0.02 0.04
New Zealand -0.07 0.03 0.04 0.03 -0.06 0.02 -0.05 0.02
Norway -0.02 0.03 0.00 0.03 0.01 0.03 0.01 0.03
Poland -0.10 0.04 0.06 0.03 0.01 0.01 -0.02 0.02
Portugal 0.02 0.04 0.03 0.05 0.04 0.02 0.04 0.02
Slovak Republic ~ -0.08 0.05 0.03 0.04 0.12 0.06 0.12 0.06
Spain 0.04 0.03 -0.10 0.05 0.01 0.01 0.01 0.01
Sweden 0.00 0.03 0.03 0.03 -0.03 0.02 -0.02 0.02
Switzerland -0.08 0.02 0.06 0.02 -0.01 0.03 0.01 0.03
Turkey -0.02 0.05 0.06 0.05 -0.05 0.05 -0.05 0.05
United Kingdom ~ -0.02 0.03 0.03 0.04 -0.06 0.02 -0.07 0.02
United States 0.03 0.04 0.09 0.05 -0.02 0.05 -0.02 0.05
OECD -0.04 0.04 0.05 0.04 0.00 0.04 0.01 0.04
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Table A.7. Percentage of students in schools whose principals report that instruction is
hindered by a shortage of computers for instruction

PISA 2006 PISA 2003 PISA 2000
% % %

Australia 33.9 341 295
Austria 244 36.4 41.0
Belgium 41.9 43.5 18.3
Canada 38.0 454 30.4
Chile 497 46.9
Czech Republic 38.8 43.0 37.2
Denmark 38.7 46.3 274
Finland 37.0 38.9 42.7
France 28.2
Germany 274 33.8 50.1
Greece 237 48.7 70.2
Hungary 15.0 26.7 1.8
Iceland 24.2 337 448
Ireland 54.9 495 414
Italy 214 29.0 37
Japan 19.5 39.0 31.3
Korea 32.0 10.2 221
Luxembourg 42.0 234 23.0
Mexico 59.2 60.2 68.9
Netherlands 38.8 37.8 38.9
New Zealand 41.6 42.2 40.4
Norway 45.8 73.7 60.6
Poland 331 55.2 38.4
Portugal 52.2 54.8 38.5
Slovak Republic 38.9 67.5

Spain 43.3 58.0 29.3
Sweden 46.4 50.2 50.5
Switzerland 15.7 20.6 225
Turkey 61.3 81.7

United Kingdom 3741 46.4 55.6
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Table A.7. Percentage of students in schools whose principals report that instruction is
hindered by a shortage of computers for instruction (continued)

PISA 2006 PISA 2003 PISA 2000
% % %

United States 33.3 26.4 26.3
OECD 36.5 43.3 375
Argentina 51.3 54.0
Azerbaijan 80.7

Brazil 76.5 66.9 63.0
Bulgaria 48.1 57.2
Chinese Taipei 16.7

Colombia 69.7

Croatia 46.2

Estonia 441

Hong Kong, China 233 215 15.1
Indonesia 59.4 47.8 57.9
Israel 36.6 28.0
Jordan 671

Kyrgyzstan 90.4

Latvia 48.6 52.1 39.5
Liechtenstein 1.8 41.2
Lithuania 50.7

Macao, China 20.8 494

Montenegro 78.7

Qatar 42.9

Romania 59.5

Russian Federation 79.8 774 86.4
Serbia 57.6 78.0

Slovenia 21.0

Thailand 445 63.1 62.3
Tunisia 78.2 68.0

Uruguay 60.1 70.4
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Table A.8. Differences in percentages of students with frequent computer use at home
and at school, PISA 2003 and PISA 2006

Diff PISA 2006- Diff PISA 2006-
PISA 2006 PISA 2006 PISA 2003 PISA 2003 PISA 2003 PISA 2003

Home School Home School Home School
frequentuse  frequentuse  frequentuse  frequentuse  frequentuse  frequent use

OECD countries (%) (%) (%) (%) (%) (%)
Australia 94 73 87 59 7 14
Austria 89 73 81 53 8 20
Belgium 93 55 84 27 9 28
Canada 94 47 90 40 4 7
Czech Republic 85 69 70 41 15 28
Denmark 95 65 84 68 1 -3
Finland 93 51 78 36 15 15
Germany 90 3 82 23 8 8
Greece 72 58 57 45 15 13
Hungary 84 85 67 80 17 5
Iceland 97 53 89 4 8 12
Ireland 77 47 61 24 16 23
Italy 85 50 76 51 9 -1
Japan 52 50 37 26 15 24
Korea 93 36 86 28 7 8
Netherlands 97 65

New Zealand 87 50 79 43 8 7
Norway 96 54

Poland 81 61 59 44 22 17
Portugal 87 60 78 34 9 26
Slovak Republic 77 65 65 42 12 23
Spain 86 42

Sweden 96 47 89 48 7 -1
Switzerland 93 43 81 30 12 13
Turkey 53 53 48 46 5 7
OECD 86 55 74 44 12 11
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Table A.9. Index of ICT Internet and entertainment use

Gender difference (males-females)

Gender difference (M-F)

Sweden 0.71
Norway 0.69
Turkey 0.64
Lithuania 0.63
Poland 0.62
Liechtenstein 0.60
Czech Republic 0.59
Denmark 0.58
Iceland 0.57
Finland 0.56
Slovenia 0.55
Greece 0.54
Latvia 0.54
Germany 0.53
Bulgaria 0.49
Russian Federation 0.49
Italy 0.48
Portugal 0.47
OECD average 0.47
Switzerland 0.46
Slovak Republic 0.45
Netherlands 0.45
Croatia 0.45
Belgium 0.44
Jordan 0.43
Spain 043
Uruguay 0.42
Serbia 0.41
Canada 0.40
Hungary 0.37
Australia 0.36
Austria 0.36
Chile 0.35
Korea 0.34
New Zealand 0.31
Colombia 0.28
Macao. China 0.27
Qatar 0.24
Ireland 0.20
Thailand 0.16
Japan 0.13
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Annex B

Methodological approach to categorising student profiles

Three options that were not included in the original categorisation are
explored here:

1. Moving “browsing the Internet” from “leisure use” to “educational

99,

use”;

2. Testing the impact of frequency by using two categories (e.g. “high
use” and “low use”) instead of three categories, which would make it
more difficult to be included in the category “high use” than in that
of “frequent use” (as in the original categorisation);

3. Testing the impact of using two indices developed in PISA 2006:

1. “Index of ICT internet/entertainment use” (p. 344), consisting of
activities covered by the leisure use index and one other activity:
“use the Internet to collaborate with a group or team”, and

ii. “Index of ICT programme/software use” (p. 344), consisting
of educational use activities and two other activities: “drawing,
painting or using graphics programmes” and “writing computer
programmes”.

First, two of the options above were combined in one analysis in which
“browse the Internet” was moved to “educational use” and two categories of
ICT use were used (“high” and “low”). The details of this analysis and the
results are described in Annex C. Also, a set of new profiles based on the
indexation of ICT-use developed in PISA 2006 was explored.

These complementary analyses including additional options made it
possible to test and validate the original indexation. The additional analyses
supported the patterns emerging from the original categorisation (leisure use
and educational use). The original categories were kept, although the new
analyses indicated a rather similar set of profiles, for several reasons:
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*  Originally, browsing the Internet was part of leisure use. However, it
might as well be considered a central part of educational use of ICT
and benefit from being placed within educational use. Nevertheless,
a factor analysis showed that browsing the Internet was more closely
connected to leisure use than to educational use, so the original cat-
egorisation was maintained.

EEINT3

» Originally three-category solution was used (“frequent”, “monthly”
and “rare”). A two-category solution was considered (“high” and
“low”™), but it provides less nuanced as well as less transparent pro-
files (“low” is broad and not very consistent).

* In the original categorisation the indices made by PISA 2006 were
not used for two reasons. First, the PISA 2006 indices included three
questions, which were not supported by the factor analysis previously
referred to. Second, based on conceptual judgments, these questions
did not fit into the original categories (leisure use and educational
use).

Finally, the profiles were developed as questions defining “leisure use”,
and the questions defining “educational use” were recorded by collapsing
answers. “Frequent” is defined as > 3 and < 4 (mean score on the composite
indices, e.g. the span from those who answered “almost every day” on each
question to those who answered “once or twice a week” on each question),
“Monthly” is defined as > 2 and < 3 (“a few times a month”), and “Rare” is
<2 (those who answer “once a month or less” and below).

All analysis is run by SPSS. A final student weight [W_FSTUWT]) and
repeated measures (as described in the PISA SPSS Manual) were used in all
analyses, apart from developing a composite index for educational use and a
composite index for leisure use. Replication methods are used when calculat-
ing average scores on different indices within the profiles.
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Annex C

Econometric model and methodological approach to the
analysis of the effects of technology on student performance

Econometric model

The aim is to assess whether computer use at home (/7%*) has an impact
on science scores (Science) after having controlled for other observable stu-
dent characteristics (X):

Science; = ' X; + o(IT;*) + e; (D)

where the subscript i = /....... N indicate the students, X denotes observable
individual characteristics; e is an individual idiosyncratic error term which
influences the student’s science scores; f denotes unknown parameters; and
0 is an unknown function which generates higher science scores through
additional computer use.

Actual computer use IT* is not observed but only the variable IT (com-
puter use frequency) with discrete values: 1 (never), 2 (once a month or less),
3 (a few times a month), 4 (once or twice a week) and 5 (almost every day).
This means:

IT; = 1Vif IT* < g IT; =2 if py < ITy*; 1 Ty =3 if uo < ITi* < us;
IT; =4 1f p3 < ITy* < pug; IT; = 5 if g < IT;*

The observable computer use frequency can be written as the following j
dummy variables based on these discrete values:

D,'j: 1 ifIT,-=jand
D;;=0 otherwise.

Therefore, equation (1) can be estimated through the following empirical
model which comprises the reduced form representations of the student’s sci-
ence score and computer use:
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Science; = ' X; + Zioi0Dy +e;, i =1 ... N )
IT,»*=/1'Z,-+V,», l:I ...... N (3)
1T; = h(IT;¥), i=1.... N 4

where X; and Z; continue to denote vectors of exogenous characteristics,
possibly overlapping; e; and v; are jointly normally distributed error terms
with zero means, variances ¢Z and o7 and covariance o2, ; 5, 0 and 4 are vec-
tors of parameters and the effects of computer use are captured by the Js.
The observed value of /7; is obtained from the latent variable /7;" through the
censoring function 4 in (4) which maps ranges of /7;* into ordinal discrete
values represented by /7.

The primary difficulty in consistently estimating the parameters from (2)
is the endogeneity of the computer use dummy variables. This is due to the
potential for students to choose their frequency of computer use (self-selec-
tion). In general, therefore, 0., # 0, which implies that computer use choice is
not weakly exogenous to the science score. This endogeneity is allowed for
by employing the procedures of Vella and Gregory (1996).

Rewrite (2) conditioning on the observed value of /7; and Z;:

E(Sciencei|IT;Zy) = p'X; + E(ei|IT» Z;) )
Employing the assumption of joint normality, (5) becomes:
E(Science|ITyZ;) = p'X; + OEW|IT Z) 6)

where @ is equal to o,,/0,,.

Equation (6) can be estimated by least squares once there is an estimate
of the conditional error E(v;|IT;;Z;). This is obtained in the following manner.

First, estimate the parameters from (3) and (4) by ordered probit.
EWiIT,Z)) is then computed as the value of the first derivative for each obser-
vation of the ordered probit likelihood function with respect to the intercept
at the maximum likelihood estimates. This conditional error term from the
computer use is a type of within sample prediction error. Accordingly, it can
be interpreted as a measure of computer overuse or underuse. Note that it also
accounts for the selection bias induced by estimating the fs over the various
computer use frequency.

The coefficient § captures the return or penalty to computer overuse. It
reflects the covariance between the unobserved factors that affect science
scores and the unobserved factors that affect computer use. Accordingly,
it captures the process by which individuals self-select into computer use
groups.
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Computer use by location

Whether computer use has different effects at home and at school can be
tested by rewriting equation (2) as follows:

Science; = f3' X; + T3 0]D}i + Z5-10iDf; + T3y 0;Dy + e, i = 1 ... N (2 bis)

where s and / denote at school and at home, respectively, the Ds are dummies
for the frequency of computer use and the effects of computer use on science
scores are captured by the Js.

Ordered probit regression

The ordered probit regression of equations (3) and (4) is based on the
hypothesis that actual computer use /7* is normally distributed over (-00;+00).
This hypothesis, however, is not realistic since the normal distribution is
symmetric whereas the distribution of /7 tends to be skewed to the right, with
a steep increase on the right and a long left tail. Moreover, with /7* being
normally distributed, negative frequency of computer use would become pos-
sible. To accommodate these features, equation (3) was transformed into (3°):

In (VIT*) = XZ: + v; 3)

If In (1/IT;*) is normally distributed, then the distribution of /7;* has the
desired features (positive, skewed to the right).

PISA plausible values

For each test and each student, PISA reports five plausible values. None
of these values is the actual score of a student but represents one of five
random values drawn from the posterior distributions of the students’ scores.!
This implies that, in order to obtain unbiased estimates, the same regression
model had to be run five times, once for each plausible value of the science
scores, and the unbiased estimates and their standard computed based on
these five sets of estimates. However, the estimates generated by the five
regressions and their standard were almost identical. For the sake of simplic-
ity, only the estimates for the first plausible value are reported.

PISA replicate weights

As many international educational surveys, PISA 2006 uses a two-stage
sample design. As a result, sampling variances have to be estimated through
replication methods. These methods function by generating several subsam-
ples, or replicate samples, from the whole sample. The statistic of interest is

1. OECD (2005) PISA 2003 Data Analysis Manual: SPSS Users.
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then estimated for each of these replicate samples and then compared to the
whole sample estimate to provide an estimate of the sampling variance.

A replicate sample is formed simply through a transformation of the full
sample weights according to an algorithm specific to the replication method.
PISA 2006 uses the Fay’s variant of the Balanced Repeated Replication with a
Fay coefficient equal to 0.5 and 80 replicates. This means that each regression
was run 81 times, first by weighting the data with the student final weight
and then by weighting the data with each of the 80 replicates.

Reference

Vella, Francis and R.G. Gregory (1996), “Selection Bias and Human Capital
Investment: Estimating the Rates of Return to Education for Young
Males”, Labour Economics, Vol. 3, No. 2, September 1996, pp. 197-219.
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Annex D

PISA 2006 ICT familiarity questionnaire

The following questions ask about computers. This does not include calculators
or games consoles like a <Sony PlayStation™>.

Q1 Is there a computer available for you to use at any of these places?

(Please <tick> one box on each row)
Yes No

A) ATROME....ciiiiiiiiiii e D

]

1

D) At SChOOL ..ceiiiieiiiiicieeeeeee e D

]

1

C) At Other PlACES ..c.eivieeiiciieiecieeeeee et D D
1 2

Q2 Have you ever used a computer?

If you use a computer in any setting, please continue.

If you do not, please stop here. <Instructions>
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Q3 How long have you been using computers?

(Please tick only one box)

LesS than ONe YEAT. ....ccuevuieiieiiiiieeeeiee e

TRHIEE t0 fIVE YEAIS. 1.vviiiieieiieiieciieeee ettt

More than fiVe YEATS. .....ceevvieiiiiieiicieeieeteeee et

[
ONE 10 thIEE YEATS. ...evitiiiriiicieietcet ettt e D
[
[

Q4 How often do you use a computer at these places?

(Please <tick> one box on each row)

Between
once a
A few week and  Less than
Almost  times each  once a once a
every day week month month Never

a) Athome........cccoennnen. D1 Dz Ds D4 Ds
b) Atschool.................... Dl D2 Ds D4 Ds
c) At other places........... D 1 D . D . D . D .
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Q5 How often do you use:

(Please <tick> one box on each row)

Between
once a
A few week Less
Almost  times and than
every each  oncea oncea
day week  month  month  Never

a) the Internet to look up information D
about people, things, or ideas?........ 1

2 D3 D4 D5

b) games on a computer? .................... D
2

W

4

w

¢) Word processing (e.g. <Word ® or
WordPerfect®>)? .......ccoeeveviveienns

—

2

W

4

W

d) the Internet to collaborate with a
roup Or t€am? .......ccceeveeeeeeieaienns

2

W

4

w

e) spreadsheets (e.g. <Lotus 123 ®
or Microsoft Excel®>)7 ..................

—

2

W

4

W

f) the Internet to download software

(including games)?.........ccccceeeenennne. 2

W

4

L]
]
L]
]
L]
L,
L]
]
L]
]
L]

w

g) drawing, painting or graphics
programs on a computer? ...............

—

2

h) educational software such as
Mathematics programs?..................

2

W

4

w

T ) Y e N B O

i) the computer to help you learn

]
]
]
]
]
]
]
]
]
]
]
]

I e et et et I 0 e O

w

O 0000 oo0ooooao

school material? ..........c.ccocevenenennn. 1 2 3 4 5
j) the Internet to download music?..... D
1 2 3 4 5
k) the computer for programming?..... D
1 2 3 4 5
1) a computer for electronic D
1

2

W

communication (e.g. e-mail or 4

“chat rooms™)? ....cceveveeveenireieennn
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Q6 How well can you do each of these tasks on a computer?

(Please <tick> one box on each row)

1 know
Icando  what
this with  this Idon’t
Icando  help means  know
this very  from but what
well by  some-  cannot this

myself.  one.  doit.  means.
a) Start a COMPULEr GAME. ...........oveevrrvrrererrernnrenss Dl E\z D3 D4
Y el 0, 0, O, G
) Open afile....occooomvereecreereeeeeeeeeeee e Dl D2 D3 D4
d) Create/edit a document. ............cccoovvverrrnene. D] D2 D3 D4
e) Scroll a document up and down a screen. ....... I A A )
f) Use a database to produce a list of addresses ..... o, OO, 0O, 0,
g) Copy a file from a floppy disk. ..........ccoo..ee...... O, O, O, [0,
h) Save a computer document or file. .................. o, OO, 0O, 0,
i) Print a computer document or file. .................. Dl Dz D3 D4
i) Delete a computer document or file................. O, 0O, 0O, 0,
D e oot O 0y O, G
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I know
Icando  what
this with  this Idon't
Icando  help means  know
this very  from but I what
well by  some-  cannot this

myself.  one. doit.  means.
1) Get on to the Internet.........ccooceeevevveienienennenne D D D D
1 2 3 4
m) Copy or download files from the Internet. ...... D D D D
1 2 3 4
n) Attach a file to an e-mail message.................. D D D D
1 2 3 4
0) Create a computer program (e.g. in <Logo,
Pascal, Basic™). .......cccoeveviieieiieieieeie e D 1 D2 D3 D4
p) Use a spreadsheet to plot a graph. ................... D D D D
1 2 3 4
q) Create a presentation (e.g. using
<POWEIPOINE™>).....coviiiiiieiieiieieeeeeee e D 1 D 2 D 3 D 4
r) Play computer games. ........ccccoeveervveeenieeeennnnne. D D D D
1 2 3 4
s) Download music from the Internet. ................ D D D D
1 2 3 4
t) Create a multi-media presentation (with
sound, pictures, Video). ......ccoevreerierierieeieinnns D 1 D 2 D 3 D 4
u) Draw pictures using a mouse.........c.ccoceeerueneene D D D D
1 2 3 4
v) Write and send e-mails. .......cccooeeerieriniennnen. D D D D
1 2 3 4
w) Construct a web page.........cceceeeverereneneneenen D D D D
1 2 3 4

ARE THE NEW MILLENNIUM LEARNERS MAKING THE GRADE? — © OECD 2010



210 - ANNEX D. PISA 2006 ICT FAMILIARITY QUESTIONNAIRE

Q7 Thinking about your experience with computers:
To what extent do you agree with the following statements?

(Please <tick> one box on each row)

Strongly Strongly
agree Agree  Disagree disagree
a) Itis very important to me to work with a
COMPULET. .eeveeereeiieeniieeieeniee ettt D 1 D 2 D 3 D 4

b) I think playing or working with a

computer is really fun............cceeeeevveeennnne. 2

3

INEETESTE. ..eeieeeieeeee e

d) TIlose track of time when I am working
with the computer. .........coocoooeeririenceee

] ] [] []
¢) luse acomputer because [ am very Dl D2 D3 D .
L, 0, O, O

2 3
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Q8 Who taught you most about how to use COMPUTERS?

(Please <tick> only one box)

MY SCHOOL. ...t Dl
MY fTIENAS. .o

L,
My famMily.....cooiiiiiiiieiceee e

L,
T taught myself. ....coooviiiiiiieceeeee e

L,
OtRETS. et D

Q9 Who taught you most about how to use the INTERNET?

(Please <tick> only one box)

I don’t know how to use the Internet...........ccccvvvvvvvevnerennn.

MY SCHOOL. ...

My family....ccoooieiiiiiii e

T taught myself. ....ooooveiiiiiieeeee e

[]
[ ]
MY FHENAS. ..o O,
L]
]
[]
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