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Foreword 

Information and communication technology ocn has revolutionised virtually every aspect of our 

life and work. Students unable to navigate through a complex digital landscape will no longer be 
able to participate fully in the economic, social and cultural life around them. Those responsible for 

educating today's "connected" learners are confronted with cha llenging issues, from information 
overload to plagia rism, from protecting children from online risks such as fraud, violations of 
privacy or online bullying to setting an adequate and appropriate media diet. We expect schools 

to educate our chi ldren to become critical consumers of Internet services and electronic media, 

helping them to make informed choices and avoid harmful behaviours. And we expect schools to 

raise awareness abou! the risks that children face on line and how to avoid them. 

This report provides a first-of-its-k ind internationally comparative analysis of the digital sk ills that 

students have acquired, and of the learning environments designed to develop these skills. This 

analysis shows that the reality in our schools lags considerably behind the promise of technology. 

ln 2012, 96% of 15-year-old students in OECD cou ntries reported that they have a computer at 

home, but only 72% reported that they use a desktop, laptop or tablet computer at school, and in 

some countries fewer than one in two students reported doing so. And even where computers are 

used in the classroom, their impact on student performance is mixed at best. Students who use 

computers moderately at school tend to have some-.vhat better learning outcomes than students 

who use computers rarely. But students who use computers very frequently at school do a lot worse 

in most learn ing outcomes, even after accounting for social background and student demographics. 

The results also show no appreciable improvements in student achievement in reading. mathematics 

or science in the cou ntries that had invested heavi ly in JCT for education. And perhaps the most 

disappointing finding of the report is that technology is of little help in bridging the skills divide 

between advantaged and disadvantaged students. Put simply, ensuring that every child attains 

a baseline level of proficiency in reading and mathematics seems to do more to create equal 

opportunities in a digital world than can be achieved by expa nding or subsidising access 10 

high-tech devices and services. last but not least, most parents and teachers will not be su rprised 

by the finding that students who spend more than six hours on line per weekday outside of school 

are particularly at risk of rt'Porting that they feel lonely at school, and that they arrived late for 

school or skipped days of school in the two weeks prior to the PISA test. 

One interpretation of all this is that building deep, conceptual understanding and higher-order 

think ing requires intensive teacher-student interactions, and 1echnolq,')' sometimes distracts from 

this valuable human engagement. Another interpretation is that we have not yet become good 

enough al the kind of pedagogies that make the most of technology; that adding 21st-century 

technologies to 20th-century teaching practices will just dilute the effectiveness of teaching. 
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lf students use smartphones to copy and paste prefabricated answers to questions, 1t 1s unlikely to 
help them to become smarter. If we want students to become smarter than a smartphone, we rnc-ed 

to think harder about the pedagogies we are using to teach them. Technology can amplify great 
teaching but great technology cannot replace poor leaching. 

The report leaves many questions unanswered. The impact of technology on education delivery 

remains sub-optimal, because we may overestimate the digital skills of both teachers and students, 

because of na"ive policy design and implementation strategies, because of a poor understanding of 

pedagogy, or because of the generally fX>Or quality of educational software and courseware. In fact, 
how many children would choose to play a computer game of the same quality as the software that 
finds its way into many classrooms around the world? Results suggest that the connections among 
students, computers and learning are neither simple nor hard-wired; and the real contributions ICT 
can make to teaching and learning have yet to be fully realised and exploited. 

Still, the findings must not lead to despair. We need to get this right in order lo provide educators 
with learning environments that support 21st-century pedagogies and provide children with the 
21st-century skills they need to succt"(..->d in tomorrow's world. fochnoloh'Y is the only way to 
dramatically expand access to knmvledge. Why should students be limited to a textbook that was 
printed two years ago, and maybe designed ten years ago, when they could have access to the 
world's best and most up-to-date 1extbook? Equally important, technology allows teachers and 
students to access specialiS{,,d materials well beyond textbooks, in multiple formats, with little 
time and space constraints. Technology provides great platforms for collaboration in knowledge 
creation where teachers can share and enrich teaching materials. Perhaps most important ly, 
technology can support new pt->dagogies that focus on learners as active participan!s wi1h tools for 
inquiry-based pedagogies and collaborative workspaces. For example, technolO!,'Y can enhance 
experiential learning, foster project-based and inquiry-based pedagogies, facilitate hands-on 
activities and cooperative learning, deliver formative real-time assessment and support learning 
and teaching communities, with new tools such as remote and virtual labs, highly interactive 
non-linear courS{,"\vare based on state-of-the-art instructional design, sophisticated software for 
experimentation and simulation, social media and serious games. 

To deliver on the promises technology holds, countries will need a convincing strategy to build 
teachers' capacity. And policy-makers net->d to become better at building support for this agenda. 
Given the uncertainties that accompany all change, educators will always opt to maintain the 
status quo. If we want lo mobilise support for more technology-rich schools, we need to become 
better at communicating the need and building support for change. We need to invest in capacity 
dt'Velopment and change-management skills, develop sound evidence and k'(.>d this evidence 
back to institutions, and back all that up with sustainable financing. Last but not least, it is vital that 
teachers become active agents for change, not just in implementing technological innovations, but 
in designing them too. 

Andreas Schleicher 
Director 
DirectorateforEducationandSkil!s 
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Executive Summilry 

ln 2012, 96% of 15-year-old students in OECD countries reported that they have a computer 
at home, but on ly 72% reported that they use a desktop, laptop or tablet computer at school. 
Only 42% of students in Korea and 38% of students in Shanghai-China reported that they use 
computers at school - and Korea and Shanghai-Ch ina were among the top performers in the 

digital read ing and computer-based mathematics tests in the OECD Programme for International 
Student Assessment (PISA) in 2012 . By contrast, in countries where it is more common for 
students to use the Internet at school for schoolwork, students' performance in reading declined 
between 2000 and 2012, on average. 

These findings, based on an analysis of PISA data, tell us that, despite the pervasiveness of 
information and communication technologies (JCT) i n our daily lives, these technologies have 
not yet been as widely adopted in formal education. But where they are used in the classroom, 
their impact on student performance is mixed, at besl. In fact, PISA results show no appreciab le 

improvements in student achievement in reading, mathematics or science in the countries that 
had invested heavily in JCT for educat ion. 

As these results show, the connections among students, computers and learning are neither 
simple nor hard-wired; and the real con tributions ICT can make to teaching and learning have 
yet to be fu lly realised and exploited. But as long as computers and the Internet continue to 

have a central role in our personal and professiona l lives, students who have not acquired basic 
sk ill s in reading, writing and navigating through a digita l landscape wi ll find themselves unable 
to participate fully in the economic, social and cu ltu ral li fe around them. Amidst the decidedly 

mixed messages that are drawn from the PISA data, a few critical observations emerge. 

The foundation skills required in a digital environment can and should be taught. 
Reading on l ine requires the same ski lls as reading a printed page- with the important addition 

of being able to navigate through and among pages/screens of text, and filtering the relevant 
and trustworthy sources from among a large amount of information. Korea and Singapore, the 
two highest-performing countries in digital reading, and among those countries whose students 
are the most proficient in navigating through the web, have excellent broadband infrastructure, 
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and their 15 year old students use computers with ease m their daily lives Yet students m these 

countries are not more exposed to the Internet al school than are students in other OECD countries. 

This suggests that many of the evaluation and task-management skills that are essential for online 
navigation may also be taught and learned with conventiona l, ana logue pedagogies and tools. 

Improve equity in education first. 

ln most countries, differences in computer access between advantaged and disadvantaged studen1s 
shrank between 2009 and 2012; in no country did the gap widen. But results from the PISA 

computer-based tests show that once the so-called ''first digital divide" {access to computers) is 
bridged, the remaining difference, between socio-economic groups, in the ability to use ICT tools 

for learning is largely, if not entirely, explained by the d ifference observed in more traditional 

academic abilities. So to reduce inequalities in the ability to benefit from digital tools, countries 

need to improve equity in education fi rst. Ensuring that every child attains a baseline level of 

proficiency in reading and mathematics will do more to create equal opportuni ties in a digital 

world th an can be achieved by expanding or subsidising access to high-tech dcvic<..-'S and servict'S. 

Teachers, parents and students should be alerted to the possible harmful aspects 
o f Internet use. 
Those in charge of educat ing today's "connected" learners are confron ted with a number of new 

(or newly relevant) issues, from informat ion overload lo plagiarism, from protecting ch il dren from 

on line risks (fraud, violations of privacy, on line bullying) to selling an adequate and appropriate 

media diet. In addition, many parents and teachers wil l not be surprised by the PISA finding that 

students who spend more than six hours on line per weekday outside of school are particularly 

at risk of reporting that they feel lonely at school, and that they arrived late for school or skipped 

days of school in the two weeks prior lo the PISA test. 

Schools can educate students to become critica l consumers of Internet services and electronic 

media, helping them to make informed choices and avoid harmful behaviours. TI,ey can also raise 

awareness in famil ies abou t the risks that children face on line and how to avoid them. Parents 

can help children to balance the use of ICT for en tertainment and leisure wi th time for other 

recreational activities that do not involve screens, such as sports and, equally important, sleep. 

To improve the effectiveness of investments in technology, learn from experience. 
PISA data show that, in countries where mathemat ics lessons focus on formulating, and solving, 

real-world problems - whether in engineering, biology, finance or any problem that arises in 
everyday li fe and work - students reported that their teachers use computers to a greater extent 

in instruction. And among all teachers, those who are more inclined and better prepared for 

student-oriented teaching practices, such as group work, individualised !earning, and project 

work, are more likely to use digital resources, accord ing to st udents. 

But while PISA results suggest that limited use of computers at school may be better than not 

using computers at all, using them more intensively than the current OECD average lends to 

be associated with significantly poorer student performance. ICT is linked to better student 

performance only in certain contexts, such as when computer software and Internet connections 

help to increase study time and practice. 



mm~w•-.,·,. 
"" ' One 1nterpretat1011 of these findmgs 1s that it takes educators time and effort to learn how to use 

technology in education while staying firmly focused on student learning. Meanwhile, on line 
tools can help teachers and school leaders exchange ideas and inspire each other, transforming 
what used to be an individual's problem into a collaborative process. ln the end, technology can 
amplify great teaching, but grea1 technology cannot replace poor teaching. 
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SNAPSHOT OF HOME ICT EQUIPMENT AND INTERNET USE 
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SNAPSHOT OF ICT EQUIPMENT AND USE AT SCHOOL 
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SNAPSHOT OF ICT EQUIPMENT AND USE AT SCHOOL 
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SNAPSHOT OF SOCIO-ECONOMIC DIFFERENCES IN ICT ACCESS AND USE 
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SNAPSHOT OF SOCIO-ECONOMIC DIFFERENCES IN ICT ACCESS AND USE 
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Reqqel''s Guiqe 

Dato underlying the f,gures 

The data tables are listed in Annex Band available on line at: 

Chapter 1: b11p·//dx doi mg/10 1787/888933277851 
Chapter 2: hnn·//rlx doi mg/10 J 78718889U277865 
Chapter 3: b1tp·/Jdx doi mp/10 J 787/888933277873 
Chapter 4: h11n·/Jrlx rloi mg/10 17871888933277886 
Chapter S: bup·/k!x doi mg/1 fl 1 78711;1889U27789Z 
Chapter 6: h1tp·//rlx doi mg/10 1787/888933277907 
Chapter 7: b11p·lfdx doi mg/1Q178Zt8889U277()J 1 

Four symbols are used to denote missing data: 

a The category does not apply in the country concerned. Data are therefore missing. 

c TI1ere are too few observations or no observation to provide reliable estimates (i.e. there 

are fewer than 30 students or less than five schools with valid data). 

m Data are not avai lable. TI1ese data were not submitted by the country or were collected 

but subsequently removed from the publication for technical reasons. 

w Data have been withdrawn or have nol been collected at the request of the country 

concerned. 

Country coverage 
This publication features data on 64 countries and economies: 34 OECD countries 

(indicated in black in the figures) and 30 partner countries and economies (indicated in 

blue in the figures). 

Calculating intemotionol overages 
An OECD average was calculated for most indicators presented in this report. The OECD 

average corresponds lo the arithmetic mean of the respective country estimates. Readers 

should, therefore, keep in mind that the term "OECD average" refers to the OECD countries 

included in the respective comparisons. 

Rounding figures 
Because of rounding, some figures in tables may not exactly add up to the totals. Totals, 

differences and averages are always calculated on the basis of exact numbers and are 

rounded only after calcula1ion. All standard errors in this publication have been rounded 

lo one or two decimal places. Where the value 0.00 is shown, this does not imply that the 

standard error is zero, but that it is smaller than 0.005. 



Bolding of estimates 

This report discusses only statistically significant differences or changes (statistical significance 
at the 5% level). TI,ese are denoted in darker colours in figures and in bo!d in tables. 

Reporting student data 
The report uses u15-year-olds" as shorthand for the PISA target population. PISA covers 

students who are aged between 15 years 3 months and 16 years 2 months at the time of 

assessment and who have completed at least 6 years of formal schooling. regardless of the 

type of institution in which they are enrolled and of whether they are in full -time or part-time 

education, of whether they attend academic or vocational programmes, and of whether they 

attend public or private schools or foreign schools within the coun1ry. 

Reporting school data 
The principals of the schools in which stud€nts were assessed provided information on 

their schools' characteristics by completing a school questionnaire. Where responses from 

school principals are presented in this publication, they are weigh1ed so that they are 

proportionate to the number of 15-year-olds €moiled in the school. 

Indices used in this report 
Some analyses in 1his report are based on synthetic indices. Student questionnaire indices 

summarise information from several related questionnaire responses into a single global 
measure. The construction of the following indices is detailed in the PISA 2012 Technical 

Report (DECO, 2014): 

• Index of /CT use at school 

• Index of /CT use outside of school for leisure 

• Index of /CT use outside of school for schcolwork 

• Index of compu1er use in ma.1hema1ics lessons 

• Four indices of mathematics 1eachers'behaviour (student oriental ion, formative assessment, 

structuring practices, cognitive aclivation slrategies) 

• Index of disciplinary climate in mathematics lessons 

• PISA index of economic, social and cultural s1a1us 

In addition, two indices used in Chapter 4 of this report were derived to describe students' 
interactions with digital reading tasks in the computer-based assessment of digital reading: 

• Index of overall browsing activity 

• Index of task-oriented browsing 

Abbreviations used in this report 

%dif Percen1a e- ointdifference 
Dif Difference 
ESCS PISA index of economic, social 

and cultural status 
GDP Gross domestic roduc1 

ICT Information and communication tec.hnolo, 
PPP Purchasin wer iari1 
S.E. Standarderror 



Further documentation 

For further information on the PISA assessment instruments and the methods used in PISA, 

see the PISA 2012 Technical Reporl (OECD, 2014). 

StatLJnks 
This report uses the OECD Statlinks service. Below each table and chart is a url leading lo 
a corresponding Excel™ workbook containing the underlying data. These urls are stable 

and will remain unchanged over time. In addition, readers of thee-books will be able to 

click directly on these links and the workbook will open in a separate window, if their 

Internet browser is open and running. 

Note regarding Israel 
The statistical data for Israel are supplied by and under the responsibility of the relevant 
Israeli authorities. The use of such data by the OECD is without prejudice to the status of the 

Golan Heights, East Jerusalem and Israeli seltlements in the West Bank under the terms of 

international law. 

Reference 

OECD (2014), PISA 2012 Technical Report , PISA, OECD, Paris, wwwoecd Qrp/pi9/pj~~nrnrlurn/ 

pisf'012rcchnicalrcport htm. 





How Students' Use 
o( Computers hcls Evolved 

in Recent Yec}rs 
Children access and use information and communica tion technology (ICT) 
earlier than ever before. This chapter uses data from PISA 2012 to examine 
how students' access to ICT devices, and their experience in using these 
technologies, evolved in recent years. It explores t he frequency and variety 
of uses of ICT at home, and the differences in students' use of computers 
between countries. The chapter also discusses how students' use of 
computers and the Internet at home is changing the way they engage 
with learn ing and school. 
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~ In recent yea rs information and commun1cat1o n technology (JCT) has modified the world in 

which students grow and learn. More and more fam ilies own an increasi ng number of computers, 

most of which are now connected to the Internet. New devices, such as tablet computers and 

smartphones, offer the possi bility of access ing the Internet (a lmost) anytime, anywhere. Th is, 
in turn, means that chi ldren access and use JCT earlier than ever before - and increasingly by 
themselves, without adult supervis ion . 

TI1e rapid developmentof !CT has driven much of this change. In just three years, between 2008 and 

20 11 , the volume of Internet traffic, measured in bytes, increased more than three-fold. TI1e rolling 

out of broadband infrastruclures has meant an expansion in the bandwidth ava ilab le for all types 

of services whose primary activi ty is the transfer of information . Greater availability of bandwidth, 

in turn, has driven many services to on line plalforms that can increasingly be accessed with mobile 

devices. TI)ese services, including not only traditional telecommunication, such as telephony, but 

also broadcast TV and radio, video and book publishing, as well as banking and money transfer 

services, can now be - and increasingly are -consumed "on the go" (OECD, 2013a). To access this 

wealth of services, households have invested in upgrading their ICT <..,quipment. 

As a result, new technologies have transformed not only our professional lives, but our private 

lives too - the way we read, social ise and play. Young generations are at the forefront of this 

transformation. For them, JCT devices and the Internet are usually first experienced as a platform 

for communicating, playing games and sha ring hobbies, through participation in social networks, 

e-mail or chat. On ly later, and to a lesser extent , do they engage in formal learning activities on 

computers. 

What the data tell us 

• In 49 out of 63 countries and economics, the number of computer-equipp<.->d households 

among the PISA student population increased between 2009 and 2012 . ln all but one 
of the rema ining 14 countries and economies, the number of home computers to which 

students had access increased. 

• On average across OECD countries, students spend over 2 hours on line each day. The 
most common on line activity is browsing the Internet for fun, w ith 88% of students doing 

this at least once a week - 6% more than in 2009, on average. 

• Students who spend more than 6 hours on line per weekday, outside of school, are 

particularly at risk of reporting that thty feel lonely at school, and that they arrived late for 

school or skipped days of school. 

This chapter uses PISA 2012 data to investigate how students' access to ICT devices and 

experience in using these technologies evolved in recent years. It also explores the frequency 

and va riety of uses o f ICT at home, and differences between cou ntr ies in how students use 

information and communication technology. Finally, ii shows that these changes are not without 

consequences on the way students engage with learning and school. 



Box 1.1. How information on students' familiarity with ICT was collected 

PISA collects internationally comparab le information on students' access to and use of 
computers and their attitudes towards the use of computers for learn ing. In PISA 2012, 

29 OECD countries and 13 partner countries and economies chose to distribute the optional 
ICT familiarity component of the student questionnaire. In 2012, this component contained 
12 questions, some of which were retained from the previous PISA survey (2009) to allow 
for comparisons across time. New questions focus on the age at first use of computers and 
the Internet; the amount of time spent on the Internet; and, since mathematics was the major 

domain assessed in PISA 2012, on the use of computers during mathematics lessons. 

ll1e OECD countries that participated were Australia, Austria, Belgium, Chile, \he Czech Republic, 
Denmark, Estonia, Finland, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, 

Korea, Mexico, the Netherlands, New Zealand, No,way, Poland, Portugal, the Slovak Republic, 
Slovenia, Spain, Sweden, Switzerland and Turkey. 

The partner countr ies and economies that participated were Costa Rica, Croatia, Hong Kong­
China, Jordan, Latvia, Liechtenstein, Macao-China, the Russian Federation, Serbia, Shanghai­
China, Singapore, Chinese Taipei and Uruguay. 

With the exception of Costa Rica, Mexico, Shanghai-China and Chinese Taipei, all other 
cou ntries and economies had also distribu1ed the ICT familiarity module as part of the 
student questionnaire in 2009. Trends based on this module are therefore available for 

28 OECD countries and l O partner countries and economies. 

Additional information on the avai lability and use of ICT at home and at school, as well 
as on school policies on using ICT, was collected through the main student and school 
questionnaires, and is available for all participants in PISA 2012. In the student questionnaire, 
students answered questions on whether or not they have a home computer to use for 
schoolwork, educational software, and a link to the Internet; how many computers they have 
at home; whether they program compu ters; and how many hours, on average, they spend 
repeating and training content from school lessons by working on a computer (e.g. learning 
vocabulary with training software). As part of the school queslionnaire, principals provided 
information on the availability of computers at their schools and on whether they feel that 

a lack of compu ters hindered instruction in their school. A new question in PISA 2012 also 
asked school principals to report on the extent to which students are expected to access the 
Internet to perform school-related work. 

STUDENTS' ACCESS TD ICT AT HDME 
Earlier publications on JCT have often emphasised the "digital divide" that separates those who 

live in a digital and connected world from those who are left behind on the analogue side of the 

divide. Students' use of ICT is conditiona l upon the accessibility of devices and the availability of 

a connection to the Internet. PISA data show that in a majority of participating countries, access 

to computers had, by 2012, become nearly un iversal. However, important between-country 

differences exist in the quantity and quality of devices accessible, and in the experience acquired 

in using them. TI1is chapter focuses on these differences in computer access and use. 
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Change between 2009 and 2012 in access to computers at home 
Percentage of students who reported having at least one computer 

or three or more computers at home 

1. The share of students with at least one computer at home is no1 signi ficantly different in 2009 and 2012. 
2.PISA2009dat.1aremissingiorVie1Nam 
) . Theshareofstudentswith 1hreeorrnorecomputersa1 horneisnots ignificant lydifferentin 2009 and201 2 
Counl!iei: and ec{)l)()mies Jre ranked in descending order oi lhe percentage of swdents who rr:por!ed having three or more 
computers at home in 1012. 
Source: OECD, PISA 2012 Da1abase, Tab le 1.1. 
S~a~l;,.,,c ~ http, //d>:.do! .=;ifl0.1797/9889ll25:l59l 



Access to a home computer 
O;ita collected from students participaling in the PISA assessment show that by 2012, computers 

were present in almost every household across most OECD countries, and often in large numbers. 

On average across OECD countries, only 4% of 15-year-old studen1S lived in homes where no 

computer was present, and 43% of them lived in homes with three or more computers. However, 

this country average masks large disparities. For instance, among OECD countries, 42%, of 

students in Mexico and 29% of students in Turkey did nol have a computer in their homes (and 

these shares exclude 15-year--olds who are not in school).1 Meanwhile, more than half of students 

in the partner countries Indonesia (74%) and Viet Nam (61%) did not have a computer at home. 

ln these countries, the so-called "first digital divide", between "have" and "have nots", has not 

yet been closed (Table 1.1 ). 

Between 2009 and 2012, more students gained access to computers, and the share of students 
with no computer at home declined. In 49 out of the 63 countries and economies with 

comparable data for 2009 and 2012, the number of computer-equipped households increased, 

and where it did not - sometimes because almost all students already had computers at home 

by 2009 - the number of home computers to which students had access increased. For instance, 

in Albania, Argentina, Brazil and Colombia, the share of students with a computer at home 

increased by 15 percentage points or more. In Denmark, lceland, the Netherlands, Norway and 

Sweden, where fewer than 1 % of 15-year-old students had no computer at home in 2009, the 

share of students who reported having more than three home computers increased by around 

1 O percentage points or more over the three-year period. By 2012, more than two out of three 
students in these countries had three computers or more at home (Figure 1.1 and Table 1.1 ). 

Home Internet access 
Home ICT devices today are mostly used to access services offered on the Internet, such 

as computer-mediated communication (Internet telephony, e-mail, instant messaging. 

chal, etc.), web-based services (social network and on line community services, news websi1es, 

e-commerce, onlinebanking, etc.) and cloud computing services based on data transfer systems 

(software-as-a-service, fi le storage, video streaming, etc. ). Many of these services can support 

formal and informal learning. As a result, home computers or mobile devices connected to 

the Internet also offer users a host of educational resources, both in terms of content and 

applications, and often for free. Without a connection lo the Internet, students have only 

limi1ed, if any, ICT tools that support collaboration; and they do not have access to on line 

encyclopaedias or other multimedia content in native and foreign languages. An Internet 

connection at home thus represents ;:i substantial difference in the educational resources 

available to students. 

Figure 1.2 shows the percentage of students in each country who reported having access to the 

Internet at home. On average across OECD countries, 93% of students refX)rted that they had a 

link to the Internet at home. In Denmark, Finland, Hong Kong-China, Iceland, the Netherlands, 

Norway, Slovenia, Sweden and Switzerland, at least 99% of students' homes had Internet access. 

Only in five countries that participated in the PISA 20l 2 survey - Indonesia, Mexico, Peru, 

Thailand and Viet Nam - did fewer than one in two homes have Internet access. 
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Change between 2009 and 2012 in Internet access at home 

1. PISA 2009 da!a are missing for Viel Nam 
Note: Whitesyrnbolsindicatediffercncesbc!weenPISA2009,1ndPISA2012thatarenotst,1tist icallysignificant 
Counlfies and economies are ranked in descending order of tht• fX"CF(ltage of students ,1ccessing the Internet ,11 home in 1 011 
Source: OECD, PISA 2012 Da1abase, Tab le 1.2. 

h!:tp, //d>t.<bi.org/l0 .1187/8889l32S2605 
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ln almost all countries, Internet access increased between 2009 and 2012 The OECD average ,~ 

increase was 5 percentage points. The expansion in Internet access was largest in Albania, 

Costa Rica, Jordan, the Russian Federation a nd Serbia, w ith increases of more tha n 25 percen tage 
points (Figure 1.2 and Table 1.2). 

Students' experience using computers 
Al what age did st ude nts begin using computers? When d id they first access the Internet? How 
many of them have never used a computer or accessed the Internet? Because the narrowing 

of the "fi rst digi tal divid1;!'1 is a rec(;'nl trend, la rge gaps across and within countries em1;?rge 

when examining the age at which students who were 15 in 2012 had started using computers 
(Figures 1.3 and 1.4). 

• Figure 1.3 • 

Age at first use of computers 

I 6yearsoryoungcr 0 9yeJrsoryoungcr 
e 12yNrsoryoungcr .. 15yearsor yoongcr 

Counl!i~ and e(;OflOm~ ate rJnked in c:/e;cending order of!he percentage ci students who s!Jr/00 using comp!iters m age 9 
or younger 
Source: OECD, PISA 2012 Da1abase, Table 1.3. 
St:a!;l.ft1k~http, //~ .oo!.org/10.1787/8889ll252619 
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~ Age ot first use of computers 

The typical 15-year--old student in 2012 had at least five years of experience using computers. 

Across all countries and economies ana lysed, except Mexico, more than one in I\VO students 

reported that they were 9 years old or younger when they used a computer for the first time. In five 

countries - Denmark, Finland, Israel, Norway and Sweden - a majority of 15-year-olds reported 

having first used computers at age 6 or younger, and therefore had started using computers in the 

early 2000s. These early users had already gained some familiarity with JCT tools when they were 

taught lo read and write. More than nine out of ten students in Denmark, Finland and Sweden 

had started using computers by the time they turned 10 (Figure 1.3). 

• Figure 1.4 • 

Age at first use of the Internet 

I 6yearsoryounge,- (> 9yearsor you nger 
e 12 ye,usoryoung<:-• II> t Sy~~,,soryounger 

Countries and economies are r;mked in de,;cendingorderof rhe percen!Jgeof s/udenr5 who slJrted using the lniernet ar age 9 
otyounge, 
Source: OECD. PISA 1012 Database, Table 1.4 
S~a~Li<lk~ http,//d><.<bi.org/10.1?87/8889Jl25:l62S 
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13y contrast, more than one 111 ten students 111 Costa Rica, Greece, Jordan Mexico, the ,~ 

Russian Federation, Shanghai-China and Turkey had no or only limited experience in using 

computers in 2012 when they were 15. These students first used a computer at age 13 or older -
or, more rarely, they had never used one. Some 3% of students in Mexico, 2% in Jordan, and 

1% of students in Costa Rica and Turkey had never used a computer; these students were 

overwhelmingly from the bottom quarter of disadvantaged students. In all other countries and 

economies, well under 1 % of students had never used a computer (Table 1.3). 

Age at first use of the Internet 

At 1 S, students have typically had at least five years of experience with the Internet, although 
for many students, the first computer they used did not have Internet access. A comparison of 

students' answers about computer use, in general, and Internet use, in particular, implies th at 

students typically accessed the Internet for the first time one-and-a-half years after they started 

using computers.2 On average across OECD countries, 57% of students had accessed the Internet 
for the fi rst time when they were younger than 10 (al that age, 76% of students were already 

using computers). ln Denmark and the Netherlands, more than 30% of students had accessed 

the Internet for the first time before they turned 7 (Figure 1.4). 

ln some countries, large shares of students who had participated in PISA 2012 had accessed 

the ln1ernet only recent ly, if at all. In Jordan, the Russia n Federation and Serbia, more than 

JO'Yo of students accessed the Internet for the first time after they turned 13 - i .e. after 2009. 

This is consisten t with the observation that, in these countries, home Internet access expanded 
rapidly between the PISA 2009 and PISA 2012 surveys (see Figure 1.2). In Jordan and Mexico, 

a significant number of students (more than 5%) reportL>d in 2012 that they had had no experience 

in accessing the Internet (Table 1.4). 

STUDENTS' USE OF COMPUTERS AND THE INTERNET OUTSIDE OF SCHOOL 

PISA data show that students spend far more time on line outside of school than while at school. 
Many of the students who were 15 years o ld in 2012 had started using computers before they 

even went to school. This section exp lores how students use ICT devices outside of school. 

How much time students spend on line 
For the first time, PISA 2012 measured how much time, within a typical school week, students 

spend using the Internet at school and at home, both during school days and during weekends. 
Because the answers were given on a categorical scale, it is not possible to compute exactly 

the average time students spend on line. However, it is fX)Ssible to establi sh with confidence 

a lower bound for the number of minutes students spend on on li ne activities, whereby the answer 
"between one and two hours", for instance, is converted into "61 minutes at least". Self-reports 

show that, on average across OECD countries, students typically spend over two hours on li ne 

each day on school days as well as during wL:-ekends (Figure 1.5). 

During weekdays, in Australia, Denmark, Estonia, Norway, the Russian Federat ion and SwL"'Clen, 

more than one in four students (25%) spend over four hours per day on line outside of school. 

On average, students in these countries, as well as in the Czech Republic and Iceland, spend 
at least two hou rs (120 minutes) on li ne outside of school, du ring weekdays (Tab le 1.5a). 



~ ,ows,oom, "'"'~~m~,.,o,~o,,~a"'~" 

~ • F1gurelS • 
Time spent on line in school and outside of school 

Minutes per day spent using the Internet (tower bound on the average) 

o 20 40 60 oo 100 no 140 H,O 1fio 200 MinL>11'Spe,d~y 

Counlfies ,ind e.:onomies are ranked in de=ding order of the avera1,,e u·me students spend using t/1€' Internet during weeke11d 
dJys.outsideofschoo/ 
Source: OECD. PISA 2012 Da tabase, Tab les I .Sa, band c. 
S ~a~Li<>l<~ http, //d><.<bi.org/10.1787/8889JJ25:l6JB 

During weekends, the share of sludents who spend more than four hours per day on line exceeds 

40% in Denmark, Eston ia, Macao-China, Norw ay and Sweden . At the oppos ite extreme are 

Ireland, Italy, Korea, Mexico and Turkey, where th is share is below 20%, and about 60% or 
more students spend less than two hou rs on line during a typical weekend day (F igu re 1.5 and 

Tab le 1.5b). W hile in Mexico and Turkey the lack of ln1ernet access at home may represent the 

main constra int (see Figure 1.2 above), in Ireland, Ita ly and Korea, very few students have no 
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Internet access at home and most students use the Internet at least to some extent - but rarely ,~ 

for more than two hours per day. Assuming that weekends are mostly devoted to soda I activities, 

these do not (yet) take place on line in the latter group of countries. 

In most countries, boys spend more time on line than girls during weekends. In Denmark, 
Germany, Korea, Liechtenstein, Portugal, Sweden and Chinese Taipei, the estimated difference 

in favour of boys is at least 40 minutes per day (the average difference in favour of boys is at least 

18 minutes across OECO countries). But !here are exceptions: in Chi le, Japan, Mexico ;rnd Spain, 

girls spend more time on line during wL>ekends than boys (Table 1.Sb). 

Students1 !CT-related activities outside of school 
ln PISA 2012, students were asked how often they use a computer outside of school for ten 

different leisure tasks (six of which were included in the PISA 2009 questionnaire). In the 

following section, students who reJX)rted that !hey engage in any activity at least once a week 

are considered frequent users of computers for that task. 

• figure 1.6 • 

Use of ICT for leisure 
Percentage of students who reported eng.Jging in each activity at least once a week. 

Playcollahora!iwonline gamP.< 

Source: OECD. PISA 2012 Da tabaS<!, Tab le 1 .6 
St:at:L/,ilc....,. http, //<lx .<bi .org/10 .1787/SS893J:lS2M5 

Computer use for leisure 

-+----+----+ 
I-+-+-+--+ Jordan 

Across OECD countries, the most common leisure activity using computers is browsi ng the 

Internet for fun. Some 88%ofstudents do 1his at least once a week. This is followed by participating 

in social networks (83% of students), dmvnloading music, films, games or software from the 
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~ Internet (70%) and cha tting onl me (69%) More than one 111 two students also use the Internet at 

least wL>ekly to obtain practical information (66%), read or send e-mails (64%), or read news on 

the Internet (63%). Two in five students (40°1.:,) also play one-player games on computers, while 

36% play on line col laborative games. Only 31 % of students use computers at least once a week 

to upload their own content, such as music, poetry, videos or computer p rograms (Figu re 1.6). 

Among the activities listed in both the 2009 and 2012 questionnaires, e-mail and cha t use are 

on the decline, probably replaced by the use of socia l networking services and other web-based 
messaging tools. F'articipation in social networks was more popular than sendi ng e-mail or using 

chat in 2012, but was not among the activities listed in the 2009 PISA questionnaire. Thus this 

trend does not reflect a decl ine in the use of ICT for communica tion and sharing interests, but 

ra1her a convergence of different forms of com munication on new integrated platforms that 

require greater bandwidths. A second trend shows a decline in one-player games, which is partly 

offset by the emergence of on line collaborative games. By contrast, the share of students who 

frequently browse the Internet for fun or download music, films, games or software from the 

Internet has increased significantly {Figure 1.7). 

• Figure 1.7 • 
Change between 2009 and 2012 in ICT use for entertainment 

Percentage of students who rep orted engaging in each activity at lea.~t once a week 
(O ECD .average) 

C]PISA2012 + PISA2009 

Pb.ycollaOOrativeonl inegame< 

o i'o 2'o 
. i 

30 40 

! ! 

Noti,s: Thi, diffori,nce bi,tween 2012 and 2009 is h.1sed on OECO countries wi th dat,1 in both PISA cyc les. In contrast, 
the OECO awr,1ge v,1lues ior 2009 and 2012 are ba,<.od on ,111 coun1rie~ wirh av,1ilab ledata 
All reported difierenC('<; between 2012 ,md 2009 are stafotically signifieant. 
Source: OECO, PISA 2012 Oat,1ba~e. fab le 1.6 
Seaet.inl<~ ht tpd/dx .doi.org/l0.1787/888933252655 

Within coun tries and economies, however, uses and trends can differ markedly from the OECD 

average. In Japan, for instance, the use of e-mail (79% of students) is more widespread among 

15-year-olds than participation in soc ial networks (43% of students), and has increased quickly. 

Computer games - both one-player games and on!ine collaborative games - are more popular 

in Serbia than in any other PISA-participating country/economy: in Serbia, more studen ts play 
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games us111g computers than use e mad More th an 80% of students 111 the Czech Republic, ,~ 

Hungary, Latvia and the Russian Federation use computers to download music, films, games 
or software from the Internet. In Hong Kong-China, Korea, Macao-China and Singapore, the 

share of students who regu larly use computers for gaming (one-player or collaborative games) 

or communication (chat, e-mail) has shrunk faster than in other coun tries/economies (Table 1.6). 

When students' use of computers for leisure is summarised in the index of !CT use outside of 

school for leisure, clear and large d ifferences between and within countries emerge. According to 

this composite index, compu ter use for en tertainment is greatest (as measured by the frequency 

and variety of entertainment activities in which students engage) in the Czech Republic and 

Estonia. ln these countries, for instance, more than 75% of students chat on line, more than 80% 

of students read news on the Internet. more than 75% of st udents use e-mail , and more than 

40°/., of studen ts play collaborative online games at least once or twice a week. The least use of 

computers for entertainment is found in Japan, Korea and Mexico.1 TI1e d ifference between the 

country that uses compu ters the most for en terta inmen t and the country that uses them the least 
for entertainment is over one standard deviation (Tab le 1.7). 

In all countries su rveyed, boys make significantly more use of computers for entertainment 

act ivit ies than girls. The largest differences are found in Liech tenstein, Portugal, Sweden and 

Turkey (Table 1.7). 

HOW STUDENTS' USE OF THE INTERNET OUTSIDE OF SCHOOL IS RELATED 
TO THEIR SOCIAL WELL-BEING AND ENGAGEMENT WITH SCHOOL 

While ch i ldren gain access to a host of educational resou rces and engaging experiences 

through ICT devices and the Internet, they also need to be protected from the potential negative 

consequences of using ICT. Risks include exposure to harmful conten t or contacts (including 

cyberbu lly ing; see Box 1.2), consumer-related risks, such as online fraud or abusive marketing 

practices, and privacy-related risks, such as identity I heft (OECO, 2012 and 201 1 ). Many of these 

risks ex isted wel l before the Internet, but measu res to protect ch il dren from the corresponding 

offline threats (such as physical barriers, age-related norms that prevent access to certain spaces, 

and adult supe,vision) are d ifficult to migrate and enforce in a virtual space that is inheren tly 

open. Education can thus empower children and parents to evaluate and minimise the risks. 

Excessive use of the Internet has also been found to be related to va rious problems among 

adolescents, including poor academic performance, fam ily and inlerpersona l problems, 

and even physical weakness (Park, Kang and Kim, 2014). While the causal d irect ion is no t 

always established, excessive use of the Internet for leisure can harm academic achievement 

and health, as it reduces the time available for sleep, study or physical activity. Conversely, 

students who feel excluded from school -based soc ialisation may retreat to on line act ivities. 

ln these cases, excessive use of the Internet is more a symptom than a cause of their problems. 

Acknowledging emergi ng concerns over adolescents' use of the Internet for on line gaming, the 

fifth ed ition of the Diagnostic and Statistical Manual for Mental Disorders (DSM-5) identifies 

Internet Gaming Disorder as a condition warranting more clinica l research (American 

Psychiatric Association, 2013). 



Box 1.2. Cyberbullying 

Cyberbul!yi ng, which occurs when a young person is repeatedly threatened, harass(.>d, 
or embarrassed by another person using the Internet, has emerged as a public hea lth 
problem and a threat to young people's social and emotional development (David-Ferdon 
and Feldman Hertz, 2007; Raskauskas and Stoltz, 2007; OECD, 2013b; OECD, 2014a). 
According to a survey carried out in 201 O in European countries, 6% of ch ildren aged 9-16 
had been vict ims of cyberbullying in the preceding year (L ivi ngstone et al., 2011 ). When 
the survey was repeated four years later, in 2014, the proportion had risen significan tly (to 
12%) for the seven countri es involved (Mascheroni and 61afsson, 2014). 

Cyberbullying is often a continuation and extension of offline bullying behaviours, 
with the same children involved as bullies, victims and bystanders (Raskauskas and 
Stoltz, 2007; Katzer, Fetchenhauer and Belschak, 2009; Tokunaga, 2010; Sa lm ival li and 
P6yh6nen, 2012). In such cases, school-based programmes that are effective in reducing 
bullying (Ttofi and Farrington, 2011 ) may help to prevent cyberbu llying as well. Other 
stud ies however document significant difforenccs between (traditional) bullying and 
cyberbu llying (Kubiszewski et al., 201 S). 

PISA data may be used to shed light on some of the associations betw(."Cll extreme use of the 

Internet (defined here as "using the Internet for more than six hours per day outside of school, 

during school days") and students' sense of belonging at school and engagement w ith learning. 

Students' sense of belonging at school, which is related to thei r social well -being, is measured in 

PISA by asking students whether they agree with the following statements: 1 feel like an outsider 

at school; I make friends easily at school; I feel li ke l belong at school; 1 feel awkward and out of 

place at school; other students seem to l ike me; I feel lonely at school. 

W hen the answers of students are related to the time they spend on line ou tside of school during 

weekdays, results clearly indicate lower levels of well-being among stu dents who spend more 

than six hours per day on line. Extreme Internet users, who spend six or more hours per day on 

line during weekdays are twice as likely as moderate Internet users (those who spend between 

one and two hours per day on line) to report lhat they feel lonely at school (14% compared 

to 7%). Conversely, students who are well-integrated at school are less likely to spend more than 
six hours per day on line (Figure 1.8, Tables 1.8 and 1.9). 

PISA data also show that extreme Internet users are particularly at risk of being less engaged with 

school. For instance, while 32% of students who spend less than one hour per day on ti ne during 

weekdays arrived late for school in the two weeks prior to the PISA test, 45% of studen ts who 

spend more than six hou rs per day on line arrived late. Lower levels of engagement w ith school 

may be related to less sense of belonging at school. lt is also possible that truancy and arriving 

late for school are the consequence of lack of sleep among extreme Internet users (Figure 1.9 

and Table 1.1 O). 
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Students' sense of belonging at school, by amount of time 
spent on the Internet outside of school during weekdays 

Percentage o f students who agreed or strongly agreed with the statement 
HJ fee/ lonely at school" 

I 
I Lowln!ernL'lusers CIModerate lnternetuSl:'rs I 
• H ighlnl"rn"lllS<.'fS .. ExlfL'ITlClnK'fncl uSL'fS 

35% 

1. The differetice bclween moderate and extreme Internet users is no! stmistical ly s ignificant 
2. In Liechwnstein, the sample size for extreme Internet users is too small to report 
Notc: Cat<->gori<.>sofl nternctusersarebase<lonstu<lents·,esponsesabout howmuchtim,:, theysp,_'ndon line,outsidf'oischool, 
during a typical weekday. Low Internet users: one hou r or k>ss; motk>ra te lnternel users: 1 to 2 hoors; high ln!ernel users: 2 to 
6hours;extJ<.>meln ternetus,:,rs:rnorethan6hours. 
Coumriei and economies are ranked in deKMding order of the percentage of exireme lntemel users expressing feelings of 
/onelinesslnotOOOf>gingatschool. 
S0 1.1rr.e: OECD, PISA 2012 Database, Table 1.8 
St:a !;l.f,ikllli:l'J http, //d><.<bi.org/10 .1"/87/8889'.IJ:l5:l665 



~ ,ows,oom, " '"' ~ ~m~, .,o,~o,,~a "' ~" 

~ • F1gure19 • 
Students arriving late for school, by amount of time spent on the Internet 

outside of school during weekdays 
Percentage of students who reported arriving late at least once in the two weeks 

prior to PISA test 

I 
I Low Intern et users O Moderate lntemL~ users I 
e High lnternel users .. Extremeln!L'fnel u><:'<S 

l .Thediffereocebelwecnkiwandext1emelnterneluSCl'sisnot statisticallysignilicant 
2.ln liechteostein, thesample sizefor ex tremelntcrnelusersistoosma ll to report. 
Note: Carego.- ies of lnwrnct useJsare based on students' respo<1ses about how much time they spend on li ne, outside of school. 
du, ingatypical " ..._.._-1,.day. Low lnternel =:one, hour or l,:,,;s; mode.;,te lntcrm:,t uscrs , 1 to2 hours; high Internet users, 2 to 
6hours; exlreme lnternel tJSl'fS: rnort' than bhours 
Countries and economie5 are r,lnkt-d in de5cending order of the perceritageof extreme Internet u,;e,s arriving /Jte for ~ lwol 
Sour,:;e, OECD, PISA 2012 Datal>., se, Tab le 1.1 0. 
S~a~Li<lk~ ht tp: //d><.<bi .org/10 . 1?87/8889 J l25:l670 



Notes 

1. In 20 12, 24% of 15-year-olds in Turkey, and 30% of 15-year-olds in M exico, were not enrolled in school 
o r had not completed six years of formal educat ion (OECD, 2014b). 

1. Assuming that the age w hen students started using computers fo l lows a normal distribution, the best fit to 
the frequenc ies reported in Tables 1.3 and 1.4 for the OECD average implies a mea n age of 8.2 years for the 
age of first use of computers, and 9.6 years for the age of first acce;s lo 1he Internet (standa rd deviations ,1re 
2.i and 2.5, respect ively}. 

3. In frequent use of computers for enterta inment in Japan and Korea may have different explanations 
While students also consistent ly report spending less time o n the Internet than o n average across OECD 
cou ntr ies (Figure 1.5), Japa n and Korea have excellen1 broadband infrastructure, and are leaders in the use 
of hand held devices for accessing Internet S(/rvices (OECD, 20 14c, pp. 28 and 43). In 20 13, Korea had the 
highest average broadband speed (22 Mbit/s); in 20 12, 87.3% of ho useholds had access to the Internet, 
Jnd 99.7% of them through a smartphone. J,ip,1n and Korea, together w ith Al1stralia, Denm;uk, Fi nland, 
Sweden and the Un ited States, are among the seven countries in w hich in June 20 14 there w ere more 
mobile broadband subscriptions than inhabitants (OECD, 2014d). Korea and Japan also have excellent fi xed 
bro;idb,m d i nfrastruc1ure, w ith mo re th;in 20 subsc riptions to fibre connection provid1irs per 100 inhabi tants 
(OECD, 20 14d). It may therefore be that some of the typical on!ine and oftline entertainment act ivit ies are 
done w ith smartpho nes, rather thJ n w i th co mputers (quest ionna ires did not define 1he term ucompuler"'). 

Chapter 1 ta bles are availab le on line at hnn·J/dx doi my/ ] Q ] 7f1 7/fl88933~7765] . 

Notercg3rdinglsr.icl 

The stJtisticalda ta f0< lsraelaresupplied byandunder the responsibiliiyof the relevant ls,aeliau1horities. Theuse 
of such data by the OECD is withou1 prejudice to the status of the Golan Heights. East Jerusalem ~nd Israel i se{tlements 
in !he W~st Bank under the teo- ms oi int~>rnatiooal law. 
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I ntegrqting I nformqtion 
<1nd Communicqtion Technology 

in Teqching qnd Leqrning 
This chapte r discusses how education systems and schools are integrating 
information and communication technology (ICD into students' learning 
experiences, and examines trends since 2009. It provides an overview of 
country differences in schools' ICT resou rces and how these are related to 
compu ter use; and it shows how the use of ICT in school not only depends 
on its availability, but on policies related to teachers and cu rricula 
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With computers and the Internet increasingly part of the environment m which young adults grow 

and learn, schools and education systems are urged to reap the educational benefits of information 
and communication technology (ICT). Co-ordinated JCT polic ies often exist at the school, district or 

national level. They help schools and teachers to keep abreast of the constant flow of technological 

novelty, and to manage the change and disruption that some new tools may introduce. 

Education policies that aim to embed ICT more dL>eply into schools and teachers' practices are 

often justified on one of severa l grounds. First, as a tool, ICT devices and the Internet hold the 

promise of enhancing the (traditional) learning experiences of children and adolescents, and 

perhaps of acting as a catalyst for wider change where such change is desired. Second, the 

widespread presence of ICT in society, used for everyday work and leisure activities, and the 

increasing number of goods and services whose production relies on JCT, create a demand for 

digital competencies, which are, arguably, best learned in context. Third, while learning with and 

about JCT may well take place outside of school, initial education can play a key role in ensuring 

that everyone can use these technologi(.>s and benefit from them, bridging the divide betwt-en rich 

and poor. Finally, school lCT policies may be based on the desire to reduce adminislra1ive and 

other costs. Where teacher shortages exist or can be expected, !CT policies may also complement 

other actions taken to attract and retain teachers in the profession. 

What the data tell us 

• On average, seven out of ten students use computers at school - a proportion unchanged 

since 2009. Among these students, the frequency of computer use increased in most 

countr it>s during the period. 

• The countries with the greatest integration of ICT in schools are Australia, Denmark, the 

Netherlands and Norway. Rapid increases in the share of students doing school work on 

computers can often be related to large-scale laptop-acquisition programmes, such as those 

observed in Australia, Chile, Grt'eCe, New Zealand, Sweden and Uruguay. 

• The level of JCT use in mathematics lessons is rela ted to both the content and the quality 

of instruction. Countries and economies where students are more exp:ised to real-world 

applications of mathematics tend to use computers more. TI1ere is also a specifi c association 

between mathematics teachers' use of student-oriented practices, such as individualised 

instruction, group work and project-based learning, and their willingness and ability to 

integrate ICT into mathematics lessons 

Information and communication technologies can supp:irt and enhance learning. With access 

to computers and the Internet, students can search for information and acquire new knowledge 

beyond what is available through teachers and textbooks. ICT also provide students with 

new ways to practice their skills - e.g. maintaining a personal webpage or on line publication, 

programming computers, talking and listening lo native speakers when learning a second 

language, and/or preparing a multimedia presentation, whether alone or as part of a remotely 

connected team. ICT devices bring together traditionally separated education media (books, 

writing, audio recordings, video recordings, databases, games, etc.), thus extending or integrating 

the range of time and places where learning can take place (Livingstone, 201 1 ). 
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The widespread presence of ICT in everyday l ives also creates a need for spec 1f1c skills and 

literacies. Al the very least, education ca n raise awareness in children and their families abou t the 

risks that they face on li ne and how to avoid them (OECD, 2012) . But as a dynamic and changing 
technology that requires its users to update their know ledge and skills frequently, ICT also invites 

education to rethink the content and methods of teaching and lea rn ing. Users of ICT - as we all 

are today - often must adjust to a new device or software or to new functions of their existing 

devices and applications. As a resu lt , ICT users must learn, and unlearn, at a rapi d pace. Only 
those who can direct this process of learning themselves, solving unfami liar problems as they 

arise, fully reap the benefits of a t<.>chnology-rich \Wrld. 

More specifica ll y, education may prepare young people for working in the St.'Ctors where new 

jobs are expected to be created in the coming years. Today, ICT is used across all sectors of 

the economy, and many of the sectors with high levels of ICT use, such as finan cial services 

and health, are also those that have increased their share of employment over the past several 

decades (OECD, 2013a). Other sectors of the economy that were shielded from international 

competition, such as retail trade or news dissemination, have been transformed by the rise of the 

com->spondi ng online services. And whatever their desired jobs are, when today's students leave 

school or university, they will most likely sea rch and apply for jobs on line. As a consequence, 

a high level of fami lia rity w ith ICT among the workforce can be a competitive advantage for 

countries in the new service economy. 

Thi s chapter investigates how education systems and schools are integrating ICT into studen ts' 

learning experiences, and examines changes since 2009. It provides an overview of country 

differences in school s' ICT resources and how 1hese are rel ated to computer use. It shows that 

the use of ICT c lea rly depends on the availability of adequate infrastructure - equipping schools 

with more and better ICT resources - but is also rela ted to the wider context shaped by teacher 

and curricular polic ies. 

STUDENTS' USE OF COMPUTERS AT SCHOOL 

A basic indicator of how integrated ICT devices are in teaching and learning is the share of students 

who use computers at school, particularly if this use is regu lar and occurs at least once a week. 

ln PISA 2012, as in PISA 2009, students reported whether they use computers at school, and how 

frequently they engaged in nine activities using computers at school: chat on line; use e-mail; 

browse the Internet for schoolwork; down load, upload or browse material from the school 's 

website; post work on the school's website; play simulations at school ; pract ice and repeat 

lessons, such as for learning a foreign language or mathematics; do indiv idual homework on 

a school computer; and use school computers for group work and to communicate with o ther 

students. On average across OECD countries, 72% of students reported usi ng desktop, laptop or 

tablet computers at school {by comparison, 93% of students reported that they use computers at 

home). As in 2009, the task most frequently performed on school computers was browsi ng the 

Internet for schoolwork, with 42% of students, o n average, doing so once a week or more often. 

The act ivi ty performed the least frequently was playing simu lations al school (1 1 % of students 

on average across OECD countries) (Figure 2.1 and Table 2.3). 
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• Figure 2 1 • 

Use of ICT at school 
Percentage o f students who reported engaging in each activity at least once a week 

l OECDave,age I 
cou rtt,y/~ ~ • t ~g.t:rtt, y/economy 

Browse the Internet /0<<choolworl< Shangtuii.Ch ina 

Japan 

Japan I I- !---41 >-- -+ 

Play sim~L,tionso!school Korea ll-- i.---- ~ 

Sour(c: OECD. PISA 2011 Database, Tab le 2.1. 
seaet.inl<~ http, //ltx.<bi . ,:crg/10 . 11a1/8lla~JJ2>26S7 

• Figure 2.2 • 

Norway 

Norway 

Jordan 
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Change between 2009 and 2012 in ICT use at school 
Percentage of students who reported engaging in each activity at least once a week 

(OECD average) 

20 25 30 35 40 

+.l .4Pera,ntage-()Oint 
·· diffe,en<ebelw<ecn 

+1.0l'ISA2012andt'!S>.2009 

Note,, PISA 2012 and PISA 2000 val ues are b.1sed on all OECD coontries with available d,1 ta. The difference between 2012 
and 2009 is based on O(CD countries with data in borh w,wcs 
All repo rted di fferences betwew PISA 2012 and PISA 2009 are statistically 1;ignificant 
Source: OECD. PISA 2012 Da tabase, Tab le2.1 

h!:tp, //&.<bi .org/10 .17B7/BBB9l32S26'18 
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While the average share of students who use computers at school did not 111crease much over the 

period (in 2009, 71 % of students reported using computers at school, only 1 percentage point 

less than in 2012 - see Figure 2.4), the type and intensity of use did change over the period. 
Indeed, across all the school-related activities performed on computers listed in PISA 2009 and 

PISA 2012, the average share of students across OECD countries who frequently engage in these 

activities increased significantly over the three-year period {Figure 2.2). 

Perhaps reflecting the increased avai labi lity of laptop and other mobile computers at school 

(see Table 2.9), the use of computers for activities in which students work individually (on line 

cha ts, practice and drilling, and doing individual homework) increased the most among all the 

listed activities between 2009 and 2012. The share of st udents who engaged in each of these 

activities at least once a week grew by about 4 percentage points during the period (Figure 2.2). 

• Figure 2.3 • 

Index of ICT use at school 

Countries and economies are ranked in descending order of the mean index of ICT use at school. 
Source: OECD, PISA 1012 Database, Table 1.2 
!':,rart/,ikllli'.llr http, //d,c<bi.=g/10 .1787/888933:252700 
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When all nme act1v1t1es are summarised m the index of /CT use al school 1 the countries with 

the highest mean values are Australia, Denmark, the Netherlands and Norway. In contrast, 

students in Japan, Korea and Shanghai-China make significantly less use of computers at school 

than students in any other country/economy, according to students' reports (F igure 2.3). 2 

When students report infrequent use of computers at school, it should not be assumed that ICT 

equipment is not used at all. Students in Shanghai.China, for instance, use computers during 

mathematics lessons the least (st>e Figure 2.7). However, they also report, more often than students 

in OECD countries do, that teachers use ICT equipment during lessons (perhaps pro jectors 
and smartboards). Such teacher-centred approaches to integrating ICT into education are only 
imperfectly covered by PlSA measures. Similarly, the use of smartphones at school may not be 
captured by the questions referring to "computer" use. 

• Figure2.4 • 
Change between 2009 and 2012 in the share of students using computers at school 

1. PISA 2009 data ;i re missing for Costa Rica, Mexico, Sh,1 nghai-C hina and Chinese Taipei. 
Note: White symliols indicate differences bet.veer, PISA 2009 and PISA 20 12 th;it are not stat istically significant 
Countries and economiL'5 are ranked in descending ordero( the percentdge o( Stl!dents ming comp!iler5 J! school in 1011 
Source: OECD, PISA 2012 Database, Tab le 2.3. 

h!:tp://<t,,..<bi.org/l0.11B7/BBB9l32S2710 
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Still, not all trends JX)lll\ \owards a greater use of computers at school 3 When the shares of students 

using computers at school are compared ac ross PISA cydes, a large decline (-21 percentage 
points) is absented in Korea between 2009 and 2012. ln 2012, only 42% of studen ts in Korea 
reported that they use computers at school - the second smallest proportion among the 
42 coun tries/economies surveyed, after Shangha i-China (38%). In Denmark, where the share of 

students who use computers at school was second only to the Netherlands in 2009, this share 
shran k by 6 percentage points to below 90% in 2012 (Figure 2.4 and Table 2.3). 

Internet use at school 
Students' self-reports show that, on average across OECD countries, students typically spend at 
leas1 25 minutes on line each day at school. In Aust ralia, the time spent on line at school is more 

than twice the average (5 8 minutes); in Denmark studen ts spend an average of 46 minutes on 

line per day at school, in Greece they spend 42 minutes, and in Sweden 39 minutes (Figure 2.5). 

• Figure2.S • 

Time spent on line at school 
Average time students spend using the Internet at school (lower bound) 

l'erecntagcofstudcn1Swhorlon01use 
thc!ntcrnct a1,choolrluring a typkal..-h0Ql day 

60MCnutesperday 

Countrie5 and economie5 are ranked in descending order of the average time students spend ming the Internet at schooJ 
Source: OECD, PISA 2011 Da1abasc. Tab le 1.Sc. 
St:atift1k~ http,//d>r..doi."'9/l0 .178~/8889JJ252T.l0 
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ln 11 countries and economies namely Germany Italy, Japan Jordan Korea, Mac;10~China, 
Poland, Shanghai-China, Singapore, Turkey and Uruguay, on a typical school day, a majority of 

students do not use the Internet at school (Figure 2.5). 

Computer use during mathematics instruction 
PISA 2009 showed that computers were used less frequently during cl assroom lessons in 
mathematics than in either language or sc ience classes, with only about 15% of students using 

computers al least once a week in mathematics classes, on average across OECD countries 

(OECD, 201 1, Figure Vl.5 .21 ). 

PISA 2012 took a closer look at whether and how students use computers during mathematics 
lessons. Students were given a li st of seven possib le mathematics tasks on computers and were 

asked to report whether, during the month preceding the survey, the.."}' (or their dassmates) had 

performed any of those tasks during mathematics lessons, w hether teachers demonstrated the 

task, or whether they had not encoun tered the task at all. TI1e tasks included: drawing the graph 
of a function; ca lcu lating with numbers; constru cting geometric figures; entering data in a 

spreadsheet; rewriting algebraic expressions and solving equations; drawing histograms; and 

finding out how the graph of a function changes, depending on its parameters. 

• Figure 2.6 • 

Use of computers during mathematics lessons 
Percentage of s tudents who reported that a computer was used in mathematics lessons 

in the month prior to the PISA test, by task (OECD average) 

Enterdataonaspreadsheet 

Const ructgeo me tricfigu,.,. 

Draw histograms 

Any ofthP.abovetasks 

SourcC>: 0£( 0, PISA 2012 Q;itab;ise, TJblC> 2.5 
seatLi<>klliii:llt ht tp, //<l>: . <>'.>i .or,g/lD .1787/S.S893325'2733 

On average across OECD cou ntries, on ly a minority of students saw any of these tasks performed 

in their mathematics class during the mon1h precedi ng the PISA test. Th is is consistent w ith the 

finding that computers are infrequently used during mathematics instruction. r-or 14% of students, 
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on average only teachers demonstrated the use of computers 32% of students reported that they, 
or their classmates, did at least one of the tasks. However, in some countries, computer use 

during mathematics lessons was much more common . More than two out of three students in 
Norway (82% of students), Jordan {80%) and Denmark (71 %) saw at least one of these tasks 

demonstra1ed by their teachers; often, the students themselves performed the task on computer 

(Figures 2.6 and 2.7). 

• Figure 2.7 • 

Students and teachers using computers during mathematics lessons 
Percentage of students who reported that a computer was used in mathematics lessons 

in the month prior to the PISA test 

I 
• swdentsusedcornputcrs I 
OOnly !hc1e.1chcrtJS<.>dth,•computcr 

Note: This figure sho,vs !he percentage of swden!s who reported !h.:>t.:, computer was used in ma,hematics lesson5 dtJring 
the mon!h prior to the PISA test for at least one of seven mathemat ics tasks (see Figure 2.6 for1he list of tasks). 
Countries and economies ,1re ranked in deKending order of the percefl/age of students who used comp1!!ers during 
mathematialessorrs. 
Source: O ECD, PISA 2012 Database, Table 2.5. 
!':,rartlt1k~ http: //<t,,..ooi .ou;r/10.1787/8889ll:.l!;270 
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Some 19% of studen ts, on average across OECD countries, reported that they had entered data 

on a spreadsheet during mathematics lessons in the month prior to the PISA test: in Norway, over 

67% of studen ts so reported. The second most common activi ty, drawing the graph of a function, 

was performed byl 6% of students on average, and only 31 % of Norwegian students (Figure 2.6 

and Tab le 2.5). 

Finland, Japan, Korea, Poland and Chinese Taipei, all high-performing countries/economies in 

PISA, show the least frequent use of computers in mathematics lessons; and in Shanghai -Chin a, 

studen ts reported that teachers demonstrate certa in tasks on compu ters rela tively frequently, 

but the sha re of students who perform any of the tasks themselves is the sma l lest among all 

countries and economies (Figure 2.7). The relatio nship between computer use and performance 

is further exp lored in Chapter 6. 

Use of home computers for schoolwork 
With ICT devices readily available at home and within the community, the school day can be 

expanded beyond the physical classroom. learni ng activi ties ca n be offered on line and off !ine, 

on site (at school) and off si te {outside of school ). In PISA 2012, st udents were asked whether !hey 

use computers for seven school -related tasks (six of which were also included in the PISA 2009 

questionnaire) outside of school. An index was generated lo summarise schoolwork-related 

activities that take place ou tside of school. 

• Figure 2.8 • 
Use of ICT outside of school for schoolwork 

Percen tage of students who reported engaging in each activity at le ast once a week 

Browsethe lnternetforschoolwotk Japan 

Use e -mail to communicate with :cache,.. 
a<ldsubmithomeworkorotherschoolwork 

J•J>•n 

J•J>•n 

Japan 

Source:OECD, PISA2012 D.:itabase, Table2 .7. 
St-att.inl<*'itylt http a//tlx.doi.o:<g/10.l"/87/9e9933;J52758 

Portugal 

In general. studen ts mo re frequently use their home computers (or other computers outside of 

school) for schoolwork than they use school computers. For instance, while 42% of students 

b rowse the Internet for schoolwork at least once a week at school, 55% of students do so 

outside of school, on average across OECD countries (Tables 2. 1 and 2.7). Still, on ly a minority 
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of students engages in school related act 1v1t1es on computers at least once a week except 

for browsing the Internet to help with schoolwork (55% of students) . On average across 

OECD count ries on ly 48% of students do homework on a computer, 38% use e-ma i l to 
communicate with other students about schoo lwork, and 33% share school -related materials 

with other students via computer. The least common activities are those that requi re a 

corresponding online presence by the school or the teache r. for example, 30% of students 
check their school's website for announcements, 30% download, upload or browse material 
from the school's website, and only 21 % use e-mai l to communi cate with teachers or submit 

sc hoo lwork (Figure 2.8) . 

The share of students who regularly perform tasks that requ ire an on line presence of teachers and 

school leaders grew faster than the share of studenls who perform the rema ining sc hool -related 

activi ties. Three out of ten students in 2012 check the school website for announcements at least 

once a week- 10% more, on average, than in 2009 (Figure 2.9). Overall, however, these tasks 
are st ill relatively infrequen t. 

When al l activities are combined to form an index of /CT use outside of school for schoolwork, 
the highest values on the index are observed in Denmark, Estonia, the Netherl ands and Uruguay. 

More than 70% of students in Denmark and Uruguay browse the Internet for schoolwork and 
do homework on computers at least once a week. Meanwhile, a large majority of students in 

Estonia and the Netherlands regularly checks the school's website for announcements or uses 

a computer to download, upload or browse materials from the school's website (Figure 2.1 0 
and Table 2.7). 

• Figure 2.9 • 

Change between 2009 and 2012 in ICT use outside of school for schoolwork 
Percentage of students who reported engaging in each activity at least once a week 

(OECD average) 

lii PISA2012 

Notes: PISA 2012 and PISA 2009 values arc based oo all OECD countr ies wi th availablc da ta. The difference bctween 2012 
and 2009 is bas«:! oo OECD coun tries wi th da ta in both Wa\"es 
Allrepo,teddifiercncesbctween PISA2012and PISA2009arns.tatisticallysign;ficant 
Source: OECD. PISA 2011 Da tabase. Tablc 2.7 

h!:tp, //dx.<bi.org/10 . l"/B7/BBB9l32S2765 
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• Figure 2 10 • 

Index of ICT use outside of school for schoolwork 

Co,muies and ecooomit.'5 are ranked in descending otder of 111e mean index of ICT use outside of school for schoolwork. 
Soum,: OECD, PISA 2012 Database, Tab le2.8. 
S~a ~Li<>l<~ http, //dx.<bi .org/10.1787/88893125:lTIO 

Finland and Japa n are the two countries where students make the least use of computers outside 

of school for schoolwork. Some of this may be related to homework policies: students in Finland 

and Japan are typica lly assigned little, if any, homework (OECD, 2013b, Figure IV.3 .1 O). 

As can be expected, there is a positive re lationship between the extent to which students use JCT 
at school for schoolwork and the extent to which they use other ICT resources outside of school 

for schoolwork. However, in severa l countries where ICT use at school is below average, JCT 

use outside of school - for school-related reasons - is above average, most no tably in Croatia, 

Estonia, Latvia, Portugal and Uruguay (Figure 2.11 ). 
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• F1gure2 11 • 

Relationship between use of ICT outside of school for schoolwork 
and use of ICT at school 
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Source: OECO, PISA 2012 Oatab.1se, Tab l,~ 2.2 ,1n<l 2.8 
St11tLinl<.,.,. http, //dx.ool .or,:,/10 .1787/B889ll252787 

DRIVERS AND BARRIERS TO INTEGRATING ICT INTO TEACHING AND LEARNING 

Previous sections described large differences between countries in the extent to which 15-year-olds 

use computers in schools. What drives these differences? 

The absence or difficulty of accessing ICT devices and connecting them to the Internet is certainly 

a barrier to integrating ICT in teaching and learning. Differences in the devices available to 
schools indicate either a deliberate choice not to invest in the integration of ICT in teaching and 

lea rning, or a lack of sufficien1 resources to do so 

At the same time, not all between - and within-country differences in the use of ICT devices 

at school can be traced back to disparities in their availabilily. Other variables influence how 

willing and ready school s and teachers arc to integrate new devices into their practices. 
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Indeed, to harness the potential of ICT teachers and industry must create and develop new 

educational resources (software, textbooks, lesson plans, etc .). They may find encouragement 

and support to do so in changes in related education policies, including curricula, student- and 

teacher-assessment frameworks, initial teacher training (Tondeur et al., 2012) and professional 

development activities for teachers, as well as in school practices that support collaboration and 
encourage teachers to take risks and share lessons learned (Little, 1982; Frost and Durrant, 2003; 

H arris, 2005; Horn and Little, 201 O; Resnick et al., 201 O; Awisati et al., 2013). 

While PISA data cannot be used to characterise initial teacher training, professional development, 
and teachers' working conditions, 4 it can illustrate how ICT use at school is related to other 

drivers of/barriers to innovation, such as variations in infrastructure and curricula. 

The school ICT infrastructure 

As part of the ICT familiarity questionnaire, students were asked if there are computers available 

for them to use at school. On average across OECD countries, 92% of students reported that they 

have access to a computer (in 2012, computers include desktop, laptop and tab let computers). 

TI1is proportion declined by 0.6 percentage points, on average across OECD countries with 

comparable data, between 2009 and 2012 . The largest declines in access to computers at 

school were observed in Slovenia (by 8 percentage points), and in Belgium, Japan and Korea 

(by 5 percentage points). In contrast, in Greece, Jordan, Portugal, Serbia, Spain, Turkey and 

Uruguay, more students had access to computers in 2012 than in 2009. Among this group of 

countries, Portugal had the highest rate of access to school computers in 2012 (98%); only 

Australia, Denmark, Hong Kong-China, Liechtenstein, the Netherlands, New Zealand, Norway 

and Singapore had similar (or sometimes higher) rates in 2012 (Figure 2.12). 

Similarly, in 2012, nine in ten students, on average, reported that they have an Internet connection 

avai lable at school ~ a slightly smaller proportion than in 2009. Between 2009 and 2012, the 

proportion of students with access to the Internet at school declined by two percentage points, 

on average across OECD countries. Still, in all countries more than 70% of students reported that 

they have access to an Internet connection at school (Figure 2.13). 

Some of the apparent declines in access may be due to changes in the reference frame of 

students. Given the rapid improvements in broadband infrastructure between 2009 and 2012 

(see Chapter 1 ), it is possible that, when answering the question in 2012, some students may not 

have considered slow or difficult-to-access Internet connections in the same way as their peers 

did in 2009. 

Indeed, principals' reports about their schools' ICT resources paint a somewhat different picture. 

The number of computers in schools did not change significantly across OECD countries, on 

average, but the share of school compu ters connected to the Internet increased between 2009 

and 2012 (Figures 2. 14 and 2.15) 

ln 20 12 as in 2009 there were between four and five students to every school computer, on 

average across the OECD. The number of compu ters ava ilable to 15-year-old students increasL:.d 
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111 17 countnes/econom1es (as reflected 111 lower student/computer ratios) and decreased 111 six~ 

most notably in Turkey. At the same time, the share of school computers that were not connected 

to the Internet decreased, from about 4% to less than 3%, on average. 

• Figure 2 .12 • 

Change between 2009 and 2012 in the share of students 
with access to computers at school 

I 00 PISA2009 [> ... PISA2012 I 

1. PISA 2009 data are miss ing for Costa Rica, Mexico, Shanghai-China and Chinese Taipei. 
Note: Whi!e symbols indicme differences between PISA 2009 and PISA 2012 1hat are not st;itishcally significam 
Countrie5 and economi<!5 are ranked in descending order of the percentage of studenl5 with access to a compurer al school 
inl0/2 
Source: OECD. PISA 20! 2 Database, Table 2.9 
Sta tLi<>l<~ htq,, //dx.ooi .org/10 . 17B7/BBB9Jl25:l791 
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• Figure 2 13 • 

Change between 2009 and 2012 in the share of students 
with access to the Internet at school 

1.PISA2C09da!aaremissingforCost1Rica, Mexico,ShJ ngha i-C h;naand ChineseTaipei 
Note: Whiw symbols iodicatedifferences between PISA 2009 and PISA 2012 that are JlOI statistically significan1 
Counlrie5 and economies an> ranked in descending ouler of the perccritJge of students U5ing the Internet at school in 2011 
Source: OECD, PISA 2012 Database, Table 2.10 
S~a ~Li<>k~ http: //dx.ooi .0<9/10.l78"1/88893l25:l808 

Still , a stable, or even declining, share of students reporting access to computers and the Internet 
at school impl ies that any increase in the average extent to which students used computers in 

school between 2009 and 2012 (Figure 2.2) results from changes in the frequency and va riety of 

uses rather than from changes in the share of students using computers at school. 
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• F1gure2 14 • 

Change between 2009 and 2012 in the number of students per school computer 
Mean student-computer ratio for 15-year-ofd students in the modal grade 

1. PISA2009dal,1aremissingforfranceandVie1Nam 

~~\~'S~~~~ si,~~ i'~~~,c~i ~:
1.~~: ~';::!:~f .=1~.~X!51~}?fv!;~~,,~s-~,t;1t::::t~~r ~l;~if~':,,"l;.'" of students 

~~,,t~f.~~;_5o7~~;i~;·~~~~t1;~~~~~~~t~'.'1~~~j:::ti::! ~l~~~:ai~ ::/i~b~~~~i;:~u~b:·~~)~:t~ 
too~~~:~~:;:a~r:'.ii:::li~,~~drne~~~J::sri~~~~t~r.1/Join 2012. 
S01.1rr.e: O ECD. PISA 2012 Database, Table 2.11. 
!':,rart/,ikllli'.llr http, //<lx.<»i.o,g/10 .1787/888933252810 
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• F1gure2 15 • 

Change between 2009 and 2012 in the share of school computers 
that are connected to the Internet 

1. PISA 2~ daw are mi~ing for. Fr,,nce and Viel Nam 

~i~~l;;~~~J~n!c~: ~'!Zi0~~:v::;~J,o:J11';;~,~;t'o}~~~!1~::;:.,~e~'~:.:1:! }~~~~t,;;)·10 the lntNnet 
inl0/1 
Source: OECD, PISA 2012 Oa!abase, Table 2.11 
Sta tLi<>l<llli:l't http, //d><.<bi.org/10 .17B7/8BB9'.IJ25:l82~ 
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The rise of mobile computers in schools 
Even if the quantity of resources did not change, increases in the intensity of computer use may 

still be related to improvements in the quality of schools' ICT infrastructure. Whether students 

can access computers in their classrooms or only in separate computer labs or at the school 

library makes a big difference in teachers' willingness to use computers in their teaching. Laptop 

and tablet computers offer much greater flexibility than desktop computers, and PISA data show 
that more and more schools have opted for these mobile computing solutions (Tab le 2.9). 5 

In 2012, desktop computers remained the most common form of computers in schools in 
every country. But the share of students with access to laptop computers at school increased by 
8 percentage points between 2009 and 2012, on average across OECD countries, while over the 
same period the share of students with access lo desktop computers declined by 3 percentage 
points. By 2012, 43% of students, on average, had access to laptops at school, and 11% had 
access to tablets. In 2012, the highest rates of student access to school laptops were observed 
in Denmark (91%), Australia (89%), Norv11ay (87%), Sweden (75%) and the Russian Federation 
(64%). Laptop-acquisition programmes have expanded access to laptops by over 20 percentage 
points in Australia, Chile, Sweden and Uruguay. School tablets, on the other hand, were available 
to more than one in five students in Denmark (35%), Jordan (29%), Singapore (23%) and Australia 
(21%) in 2012 (Table 2.9). 

Only in a few cases have laptop- or tablet-acquisition programmes actually expanded access 
to computers in schools; in most cases, tablets or laptops seem to have entered those schools 
where desktop computers were already available, thus broadening the variety of ICT devices. 
The most notable exceptions are Australia, Spain and Uruguay, where the increased availability 
of computers at school is entirely attributable to laptop or tablet computers (Table 2.9). 

Although not considered computers, other ICT devices also entered schools between 2009 and 
2012. Among these, e-book readers were available at school for more than one in five students in 
Jordan (39%), Greece (37%), Serbia (23%), Mexico (22%), Chile and Hungary (20%) (Table 2.9). 

How school infrastructure trends are related to the use of ICT 
PISA data on the types of devites available to s.tudents at school indirettly confirm that school 
JCT-acquisition programmes between 2009 and 2012 increasingly favoured mobile devices, such 
as laptops, and somet imes handheld devices, such as tablets ore-readers. As a result, by 2012, many 
students no longer had to move to separate computer labs, schoo! libraries or specific locations 
within the classroom to access computers; rather, computers cou ld be available everywhere, 
anytime, thus expanding the range of activities and situations in which they could be used. 

Between 2009 and 2012 , the share of students using laptop computers increased, on average 
across OECD countries, while the overal l share of students using computers remained stable, and 
the share of students using desktop computers declinL>d. This evolu tion was particularly strong 
in Australia and Sweden. In both countries, laptop computers were used by only a minority 
of students in 2009, but by 2012 these devices had surpassed desktop computers as the most 
commonly used computers in schools (Table 2.3). 
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A comparison between students who use desktop computers only and st udents who use laptops 
and tablet computers at school, sometimes in addition to desktop computers, shows that 
computer use at schoo l is significan tly more frequent and more varied among the latter group. 
There is a significan t difference in the percentage of students who use the Internet at school or 

regularly (i.e. at leasl once a week) engage in any of the activities examined in the PISA JCT 

quest ionnai re, depending on what device is ava ilable. for instance, while 27%of laptop or tablet 

users down load, upload or browse material from the school 's website at least once or twice a 
week, only 18% of desktop users do (Figure 2. 16). 

• Figure2.16 • 

Use of computers at school among desktop and laptop or tablet users 
Percentage of students who reported engaging in each activity 

(OECD average) 

II Sttid<!nl5 who us,i laptop or tabk~ comp<Jtcr~ at school 
+ SttK/cn15 who use only desktop computers at school 

Poo twork on ther.chool"sweb,ile ~ 

Pby <imulahon,at r.chool ~ 

,o 
Sourcc:OECD, PISA1012 Database, Table 2.12. 
St:artlt11<fltj".l!lt http ,//<1>:.<Di .org/10.1"/87/88893J:lS28J 8 

0 80% 

At the system level, coun1ries and economies wi1h the largest increases in 1he share of frequent 

users are often those that implemented laptop- or tablet-expansion programmes (Figu re 2.17) . 

For instance, the share of students who frequently do their individual homework on school 
computers grew by more than 10 percentage points in Australia, Greece, the Netherlands and 

New Zealand - all cou ntries where the share o f studen ts who have access to laptop computers 

at school increased by a similar degree. 
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Relationship between the change in ICT use at school 
and increased access to laptops at school 

Suum,: OECD, PISA 2012 Datalx,5<!, Tables 2. t and 1.9. 
seat:H,,1<.IR»IJ http, //<1><. -.org/l0 .1787/8.8B9JJ25:lS47 

However, PISA data also show that greater use of ICT at school did not always coincide with 
hardware-expansion programmes. In fact, previous studies show that the uptake of new technologies 

in schools is largely dependent on whether teachers are offered professional development activitie5 

to help them integrate new tools into their classroom practice (Hennessy and London, 2013). It is 

also the case that teachers with more experience in integrating ICT in instruction sometimes spend 

less time using computers than novice users. Quantity does not always coincide with quality. 

Curricula and the use of ICT at school for instruction 
Teachers may find guidance and support in integrating ICT into leaching practice in official 

curriculum documents or in school policies. PISA asked school principals whe1 her their school 

had a policy on how to use compu ters in mathematics classes, e.g. to guide teachers on the extent 

to which computers should be used in mathematics lessons or on what specific mathematics 

computer programme to use. On average across OECD countries, 32% of students attend schools 

whose principal reported that such a policy exists. This share ranges from 93% of students in 

Slovenia to less than 5% of students in Sweden (Table 2.14). 
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W1thm countries, the degree of computer use during mathematics mstruct1on seems only weakly 

related to the existence of such school policies. lndt"t!d, most of the variation in computer use 
during mathematics instruction lies within schools, as opposed to between schools (Tab le 2. 14). 
The use of computers in mathematics lessons, it appears, depends on teacher and (perhaps) 
student-level factors, rather than on schoo l-level policies, to a greater extent than for more 

genera l uses of computers at school (such as browsing the Internet for schoolwork). 

In fact, onl y 11 countries/economies show a significant difference in the index of computer 

use in ma1hemalics lessons between schools where a policy on ICT use for mathematics exists, 

and schools where there is no such policy. It may be that school policies are more concerned 
with quali1 ative aspects, such as how 10 use ex isting software, rat her than quantitative aspects, 

such as whether to use computers at all. It may also be that school policies are occasionally 

introduced to limi t the use of ICT during mathematics instruction, rather than to support it. The 
only country where school policies on how to use compu ters in mathematics classes make a 

large difference in students' use of compu1ers is Denmark. Interestingly, in Denmark the large 

between-schools vari ation in computer use during mathematics instruction also indicates the 

existence of coordinated practi ces among teachers in the same school (Tab le 2. 14). 

01her polic ies not directly related 10 ICT, such as the national cu rr iculum, may play a more 

important role in supporting or discouraging the integration of ICT into teaching. rigure 2.18 

shows whether using ICT in mathematics classes is related to the con tent to which students are 
exposed during lessons. This is determined using students' answers about how often, during 

their mathematics lessons, they have encounte red four types of tasks: word prob lems, formal 

mathematics problems, applied tasks set in a mathematical context, and applied tasks where -

as in most PISA problems - students have to apply their knowledge of mathematics to real-world 
contexts (see Box 2.1 ). 

Box 2.1. PISA measures of exposure to different mathematics tasks 

Four questions from the PISA student questionnaire were used to measure students' exposu re 
to different types of content during mathematics lessons. Each question presented students 
with two examples of mathematics tasks and asked students not to solve them, but to report 
whether they had encountered similar types of prob lems Nfrequently", "sometimes", "rarely'' 
or "never" during their mathematics lessons. The example tasks are shown below. 

Question 1 - Word problems 
Below are examples of tasks that require you to understand a problem wriuen in text and perform the 
appropriate calculations. Usually the problem talks about practical situations, but the numbers and 
people ,md places mentioned are made up. All the information you need is given. 

1. <Ann> is two years older than <Betty> and <Betty> is four times as old as <Sam>. When 
<Betty> is 30, how old is <Sam>? 

2. Mr <Smith> bought a television and a bed. The television cost <S62S> but he got a 10% 
discount. The bed cost <S200>. He paid <S20> for delivery. How much money did Mr <Smith> 
spend? 
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Question 2 - Formal mathematics tasks 
Be/aw are examples of another set of mathematical skills. 

1) So1ve2'c + 3 = 7. 

2) Find the volume of a box with sides 3m, 4m and Sm. 

Question .1 - Applied mathematics tasks - mathematics context& 
In the next type of problem, you h,we to use mathem,Jtical knowledge and dr,1w conclusions. There is 
no practical application provided. Here are two examples 

1) Here you need to use geometrical theorems: 

Dewrmine the heigl11 of the pyrJmid 

2) Here you have to know what a prime number is: 

If n is ,:my number: C,m (n+ I )' be a prime number? 

Question 4 - Applied mathematics tasks - real-world contexts 
In this type of problem, you have to apply suitable mathematical knowledge to find a useful answer 
to a problem th;;t ;;rises in everyday life or work. The d;;r;; ;ind inform,1lio11 ,Jre ;;bout real sit(1,1tions 
Herearehvoexamples 

Example 1 
A TV reporter s.ays "This graph shows that there is a huge increase in the number of robberies 
from 199810 1999" ,,,.,1;,1,,,,,., ~-

=h, n 
Do you consider the reporter's statement to be a reasonable interpretation of the graph? 
Give an explanation to support your answer. 

Example 2 
For years the rela tionship between a perron's recommended maximum heart rate and the per,on's 
age was described by the following form ula· 
Recommended maximum heart rate = 220 - age 

Recent research showed that th is fo rmula should be modified sl ightl y. The new formula isas follows· 
Recommended maximum heart rate= 208 - (0.7 x age) 

From which age onwards does the recommended maximum heart rate increase as a result of the 
introduction of the new formula? Show your work. 
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• F1gure2 18 • 

Relationship between computer use in mathematics lessons 
and students' exposure to various mathematics tasks 

Exposure to word problems 

Expoourctoappliedmathcmahcstasks 
mathl'mat1csconl<'xls 

Exposurctoformalmathcmat1cstasks 

Exposurcloapplicdmathcmat1cstasks 
rcal\\otldcun!C'Xts 

30 
Nok-s: The dotted li~is indic,1tc non.<Jignific,10! uib!ionships. The solid line indica tes ,1 corre lation highl>r tha n 0.4 (R' h; ghcr 
than0.16). 
Foreach chan: thehor izonta l_axisrepresentsthepcicentageofstl!Oentswho repotted tha t they ('l)countCfthecorrespooding 
1ypeof tasks •1re.:1uemly" durmgmathema ticslessons. 
E.1c h di;imond reprr.s,~t5 the m<!a n v,1lu<!'l of a ccxmtry/e<:onomy 
Source : OECO, PISA 7011 Da tabase, Table 2.15 
seat-Link-,.- hto:p,//<t,,. .do! .=g/10 . 1787/8989ll2S2BS9 

Across countries, greater exposure to formal mathematics or word problems is no t strongly 

related to differences in computer use during mathematics lessons. In contrast, countries where 

computers are used more during mathematics instruction tend to be those where students have 
greater-t han-average exposure to applied mathematics tasks - particu larly to tasks in which they 

ca n prac1ice their mathemati cs ski ll s in rea l-world contexts. This shows that the con1ent of the 

curricu lum can influence the desirabi lity, and use, of computers for instruction (Figure 2.18). 



... ,m,m,,,o '"~-.,,~ •••ro•"'"'a"~"~······ ,. "·~······ ........ 0~ 
"' 

HOW ICY USE IS RELATED TO PEDAGOGICAL PRACTICES IN MATHEMATICS 

According to the literature on educational effectiveness, a number of classroom variables appear 

to be related to better learning outcomes, particularly classroom climate and instructional quality. 

How is computer use during mathematics lessons linked to student discipline and the quality of 

instruction? 

Instructional quality is difficult to measure, as existing evidence suggests that there is no single 

best way of teaching. Close monitoring, adequate pac ing and classroom management as well 
as clarity of presentation, well-struc1ured lessons and informative and encouraging feedback -
which are good instructional practices - have generally b1..:-en shown to have a IX)Sitive impact 

on student achievement, as they help to create an orderly classroom environment and maximise 

lea rning time (OECD, 2013c). 

This is not enough, however. Teachers provide learn ing opportunities; but to be effect ive, those 

opfX)rtunities must be recognised and seized by the student. This is particularly imfX)rtant if 

students are to go beyond rote learning and to develop the skills that they can confidently apply 

in new contexts. r-or these reasons, teaching that fosters deep conceptual understanding involves 

more than "direct instruction''. Based on results from the Trends in International Mathematics 

and Science Study (TlMSS) video study, Klieme, Pauli and Reusser (2009) proposed three pillars 

for quality teaching: clear and well-st ructured classroom management; student orientation; and 

cognit ive activation w ith challenging content. TI1e PlSA mensures of mathemati cs teach ing, which 

distinguish structure (teacher-directed instruct ion), student orientation, formative assessment 

and cogni tive activation in mathematics lessons, are grounded in this framework (see Box 2.2) 

(OECD, 2013c). 

Box 2 .2. PISA 2012 indices of mathematics teaching practices 

Two questions were used to gauge mathematics teachers' classroom practices in PISA 
2012. In each of them, the question stem was "how often do these things happen in your 
mathematics lessons?'', followed by a series of items describing teacher behaviours. Studen ts 
were asked to report on the frequency with which they observed these behaviours on a four­
lX)int sca le (from "every lesson" to "never or hardly ever" in question ST79; from "a lways or 
almost always'' to "rarely" in question ST80). 

TI1ese behaviours were grouped to form the four indices of teacher behaviour (structuring 
practices, studen t-orien1ed practices, formative assessment practices and cognitive activation 
practices), as fol lows: 

Structuring practices (teacher-directed instruc tion): 

ST79Q01 The teacher sets clear oals for our learning 

ST79Q02 The teacher asks me or my classmates to present our th inking or reasoning at some 
len,th 

ST79Q06 The teacher asks ouestions to check whether we have unders tood what was tau ht 

ST79Q08 Al the be innin of a lesson, the teacher Jrescnts a short summarv of the revious lesson 

51"79Q15 The teachl..'f tdls us what we have to learn 
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Studl'nl-onentedprachces 

ST79QOJ The teacher gives different work to dassm;ites who have di fficulties le,uning and/or 
to those who can advance faster 

ST79Q04 The teacher assi ns ,ro·ects that reauire al least one week lo com Jlete 

5T79Q07 The te;icher h;is us work in small groups to come up with ioint solutions lo J problem 
ort;isk 

ST79Q 10 The teacher asks us lo hel Jlan classroom ac1ivities or to ics 

Formative assessment practices: 

5T79QOJ The teacher Jells me about how well I am doin in m mathem;itics class 

ST79Q04 The teacher ives me feedback on m st ren ths and weaknesses in mathematics 

5T79Q07 The teacher tells us what is ex ted of us when we et a lest, uiz or assi nment 

ST79QIO The teilcher \el ls me wh,11 I need to do lo become belier in mJthemJtics 

Cognitiveaclivationptacticcs· 

STBOQO I The teacher asks a uestions tha t make us reflect on the 1roblem 
STBOQ04 The teacher gives problems that require us to think for an extended time 

STBOQOS The teacher asks us lo decide on our ovm procedures for solving complex problems 

5TBOQ06 The teacher presents problems for which 1here is no immediately obvious method 
of solution 

ST80Q07 The teacher presents problems in different contexts so that s1udenls know whether 
they have understood the concepts 

STBOQOB The teacher helps us to 11,:Jrn from mi~t.1kes we h;ive made 

ST80Q09 The teacher asks us to ex Jlain how we have solved a roblem 

STBOQ/0 The teacher presents problems that require students to apply whJt they have learned 
to new contexts 

STBOQ/ I The teacher ives Jroblems that can be solved in several different wa s 

Several features of ICT support teachers in giving adaptive feedback to students and, more 

generally, individualising instruction; in other words, they support student-oriented and forma1ive 

assessmen t behaviours in teachers' classroom practice. They also facilitate collaborative projects 

and enable teachers to extend the spatial and temporal boundaries of their lessons, thus creat ing 
the potentia l for cognitively chal lenging and engaging activities. In contrast, teachers cannot 

expect computers to be much help in managing the classroom or in certain structuring practices, 

such as presenting a short summary of the previous lesson at the beginning of each new lesson. 

ls there a relat ionship, in PISA, between the degree of integration of technology in mathematics 

instruction and the quality of teachers' pedagogical practices? Figure 2. 19 shows that, in general, 
students who use ICT during mathematics lessons more often describe their teachers as frequently 

using effect ive instructional stra1egies and behaviours, such as structuring practices (e.g. setting 

clear goa ls, asking questions to verify understanding), student-orien ted practices {e.g. giving 

different work to students who have difficulties or who can advance faster, having students work 
in small groups), formative assessment {e.g. giving feedback on st rengths and weaknesses), and 

cogni tive activation {e.g. giving problems that require Sludents to app ly what they have learned 

to new contexts and/or giving problems that can be solved in several d ifferent ways). 
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• F1gure 2 19 • 

Teaching practices and disciplinary climate, 
by computer use in mathematics lessons 

Mean indices (OECD aver,1ge) 

ln<lexofmathematicsteache"'behaviour. 

I Nouseofcompull'<S 
OOnly 1he tead1er uses compute~ 
.. Students use computers 

.................. cogni1i'°"activa!ion st..ategies 1 ....... ..,. .......... , .......... , .......... , ........ +········0··········0··········I 
lndexofdisciptinarydimate 

in mathematics lessons 

Note: Al l diffenmces be1ween students who reported 1Jsing computers during mathematics lessons and sH>rlL'lllS who <eported 
COITTJ}lJfefSJrenotusedarest,1 tistical lys igni ficant . 
Source: OECD. PISA 2012 Dat,1base, Tab les 2.13b, c, d, e and f. 
StatLfr>k.-:,;:m, http, //<t,,,.ml ,org/lO.n87/8889JJ2S2~ l 

The strongest association between ICT use and teachers' classroom practices, by a large margin, 

is with student-oriented practices and formative assessment practices. Uniformly positive 

associations may raise the suspicion that the relation between ICT use and teacher behaviour is 
not direct and specific, but hinges on another factor that is assoc iated with both variables, such 

as class time, teacher experience, or studen1 response style. In con1rast, the strong association 

with student-oriented practices, which include individualised pacing, col laborative learning and 
project-based !earning, suggests a specifi c association: these are precisely !he kinds of practices 

that can benefit from )CT. Computers are also ext remely efficient at givi ng individualised feedback 

(formative assessment) lo users in well -designed learning situations. 

The evidence from PISA supports the conclusion that teachers who are more inclined and beller 
prepared for student-oriented teaching practices, such as group work, individualised learning, 

and project work, are more willing to integra1e computers into their lessons, when the required 

H_>sources are available. Indeed, a specific association between teachers' use of student-oriented 

teaching practices and the use of ICT in mathematics lessons is observed not only within countries 

and economies, but also at the system level. When countries and economies are compa red 

agai nst each other, the relationship between !he average frequency of student-oriented teach ing 

practices and the extent to which ICT is used i n mathematics classes is strong and sign ificant 

(Figures 2.20 and 2.2 1). 

PISA also shows that in most countries and economies there is no association between the 
disc iplinary climate in mathematics classes and computer use by students (disciplinary 

climate refers to students' perceptions that mathema1 ics lessons are orderly, with minimal loss 

of instruction time due to noise or indiscipline). However, some countries show positive or 
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negative assoc1at1ons between the two While m Australia Denmark Macao Chma Norway 

and Swi tzerland students who use computers during mathematics instruction reported better 

disciplinary cl imate in their classroom than students who do not use computers, in eleven 
countries/economies (t he Czech Republic, G reece, Hungary, Israel, Mexico, Portugal, Serbia, the 

Slovak Repub lic, Slovenia, Turkey and Uruguay), the d isciplinary cl imate is signifi cantly worse 

when studen ts rL>ported greater use of computers (Figure 2.20). 

• Figure 2 .20 • 

Student-oriented teac:hing and disc:iplinary c:limate, 

by 'T~;;,~;,;,,~;;~;~:::.::~ Tsons 
~ S1ude111su1ecompt1!C1"s 

--0.8 -0.6--0.4 -0.2 0.0 0.1 0.4 0.6 0.8 1.0 1.2Meaninde, 

1. Coun1ries and economies in which d ifferef1ces are not statis tica lly significant between studef1ts who reJX)rtcd using 
comp,u ters in mathem;itics lessons a nd students who reported computers are not used 
Countries ,lnd economies are rJnked in descending order of the difference in the meJn index ol m;ithematics teachCJS' 
behavioor (stmlffit orientation) between students who reported using compuiers during mathematics lessons and studen/5 
who reported computers are not used 
Source: OECD. PISA 1012 Database, Tables 1.1 J b anJ 1. 1Je 
Sta tLi<>l<~ htq,, //dx.ooi .org/10 . 1787/BBB9Jl25:lB76 
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Relationship between computer use in mathematics lessons 
and teachers' behaviour 
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One possible reason for the difference is that in the former group of countries/economies, teachers 
have more experience integrat ing technology in teach ing, while in the latter group, this process 

is only slart ing. As a resu lt, teachers' low level of confidence in usi ng ICT, and possibly a lack of 

professional developmen t activities to help teachers learn how to use new tools in their teaching, 

may lead to disorder in the classroom when computers are used. In all systems participating in 
the TAUS survey, teachers ci ted improving their ICT sk ills as one of the most important priorities 

for their professional development (OECO, 2014a).6 Integrating technology into teach ing should 

always be done in the service of pedagogy (OECD, 2010). 
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Notes 

1. The Technical Report (OECD, 20 14b) prov ides details on how indices derived from the ICT fam iliarity 
questionn;iire were sca led 

2 . Values for the index of /CT use at school cannot be directly compared to the correspond ing 2009 index 
The response categories for items included in the construct ion of this index changed between the 2009 and 

2012 surveys. Nevertheless, it is possible lo comp,ue relat ive ra nkings. A comparison of rankings re lat ive 
lo the OECD average shows that, in some countr ies and economies, such as Austra lia, Greece, Spain and 
Uruguay, the frequency and variety of ICT use in schools increased more than the <Jver,1ge i11cre,1se, while 

in other countries a nd economies, notJbly Hong Kong-Chin,1, Hungary, Iceland and Portugal, a ll of which 
were at or above the OECD average in 2009, the frl,q uency and variety of ICT use at ,;chool fell below the 
OECD average by 2012 

3. In this context, Hcomputers" include desktop, laptop and tablet computers, but do not include other ICT 
devices,suchassmarlphones 

4. For resu lts based o n the Teach ing and Learning International Survey (TALIS), see O ECD, 20 14a and 
OECD, 2015. 

5. Tablet computers became po pular only after 20 10, when the first Apple iPad® was released. Although no 
question about tablets was ash.>d in PISA 2009, it can be safely assumed that no student had access to tab let 
computers d uring that survey. 

6. In Brazil, France, Iceland, Italy, Jap,1n, Malaysia and Sweden, over one in fo ur teachers reported that th(;y 
have a high level of need for profess ional development in the area of ICT skills for teach ing 

Ch,1 pter2tablesareav.iilableonlineat bttp-/k/xdoiqrg/]Q]767/8Rf\933277Rfi5 

Note regarding Israel 

The,tatisticaldatafo,lsraelaresuppliedbyandundc..theresponsibilityoftherelev.intls,aeliauthorities .Theuse 
of such data by !he OECD is without prejudice to the s!atus of the Golan Heights, East Jerusalem and Israeli set!lemmts 
intheWestBankunder thetemlSolintc..na tiooallaw. 

References 

Avvisati, F., S. Hennessy, R.B. Kozma and S. Vinccrit- Lancrin (2013), "Review of the Italian strategy for 
digital ,;chools", Of.CD Educ,11ion Working Papers, No. 90, OECD Publishing, Paris, ~ 

org!JO J787/5k487n1rlhr44-ro . 

Frost, D. and J. Durrant (2003), HTeacher leadership: Rationale, strategy and impact", School Leadership & 

Management, Vol. 23n, pp.173-186. 

Harris,A. (2005), NTeacher leadership: More 1h,1n just ,1 feel-good fac1or?N, leadership ,Jlld Policy in Schools, 
Vol. 4/3, pp.201-219 

He nnessy, S. and l. Londo n (20 13), "Learni ng from internat ional experie nces with interactive whiteboards· 
The role of profess ional developme nt in inlegraling the technology", DECO Edvca1ion Working Papers, 
No. 89, OECD Publishing, Paris, bt1nfldx dni grg/JQ J 787/ ~k49£hh~oml'; rn . 

Horn, I. S. and J. W. Little (2010), "Altending to problems of prac1ice: Rou tines and resources fo r professional 
learning in teachers' workplace interactions,"' American Educational Research Journal, Vol. 47/1, pp. 18 1-217. 



Klleme, E., C. Pauli and K. Reusser (2009), "The Pythagoras study: Investigating effects of teaching and 
learning in Swiss and Germ;Jn m,1thematics classrooms", in TomiJS, J. ,1ndT. Seidel (eds.), The Power of Video 
Studies in Investigating Teaching and Learning in the Classroom, pp. 137-160, Waxmann Verlag GmbH, 
MUnster,Germany 

Little, J.W. (1982), "Norms of collegiali ty a nd experimentation: Workplace conditions of school success", 
Americ,m Edu<:.1/ional Research Journal, Vol. 19/2, pp. 325-340 

Uvingslonc, S. (20 11 ), "Critical ref lections on the benefits of ICT in education", Oxford Review of Educa1ion, 
Vol. 3811, pp. 9-24 

OECD (2015), "Embedding professional development in schools for teacher success", Teaching in Focus, 
No. 10, OECD Publishing, Paris, bt1[J"/ldx Qqi qrgl )Q J787/5js4rv7s7W-eo 

OECD (2014a), "Developing and supporting teachers", in OECD, TAUS 2013 Results: An International 
Perspective on Teaching ,md Leaming, OECD Publishing, Paris, http-//dx doi orr/10 17fl7/'17fl9Jf,4] 9f,Jf,] ­
l.:!!a. 

OECD (2014b), PISA 2012 Technic,1/ Report, PISA, OECD, Paris, wwwou:d orj!(pi'FJ/pisapmdurt141isa'JQP 

lffhoic1lce1x:ntbtro . 

OECD (2013a), OECD Skills Outlook 2013. First Resu/15 frorn the Survey of Adv/1 Ski/ls, OECD Publishing, 
Paris, bttp·/ldx doi oq•/JQ ] Z8719iR'Pfi4J/)4 '1 56-en . 

OECD (2013b), PISA 2012 Remits: What Makes Schools Successfv/ (Volvme /VJ: Resovrces, Policies and 
Practices, PISA, OECD Publishing, Paris, bttp-ltdx doi ocgl)Q J Z87/9Zfl9Jt,4')QJ J 56-en . 

OECD (20 13c), PISA 2012 J\ssessmen1 and Analytical Framework: Ma1hema1ics, Reading, Science, Problem 
Solving and financi,1/ literilCY, PISA, OECD Publishing. Paris, btlpFdx doi mg/] Q ] Zfl7/978'P(d] <JD5] 1-pn. 

OECD (20 12), The Prorection of Children Online: Recommendation of lhe DECO Council: Report on 
Risks faced by Children Online and Policies to Protect Them, OECD, Pa ris, www mxd orgl5Ji/jcrnnomyl 
cbildrcnonljoP with mvn pd( 

OECD (201 1), PISA 2009 Resv/15: Students On line: Oigilal Technologies and Perform,mce (Vol11me VI), 
PISA, OECD Publishing, Paris, ht1p·tk!x doi-org/JQ J 787/97fl9'Jf,411 '1995-en 

OECD (20 10), Inspired by Technology, Driven by Pedagogy: A Systemic Approach lo Technology-Based 
Schoollnnov<11ions1 Educational Research and Innovation, OECD Publishing, Paris, hllJi-1/dx doi orgl l Q J 787/ 
9789"'640'144"\7-m 

Resnick, LB., J.P. Spillane, P. Goldman and E.S. Rangel (2010), "Implementing innovation: From visionary 
models to everyday pract ice", in Dumont, H., D. Instance and F. Benavides (eds.), The Nilture of Learning 
Us ing ReseiJrch to Inspire Pr,ictice, pp. 285-3 15. OECD Publishing, Paris, httn-/klx doi org/JQ 1787/ 
97fl9J§4Qfln4fl7-cn . 

Tondcur, J., J. van Braak, G. Sang, J. Voogt, P. Fisser ;JndA. Ottcnbrcit- lcftwich (20 12), "Prepa ring pre-service 
teachers to integrate technology in education: A synthesis of qua li tative evidence", Computers & Education, 
Vol.5911,pp. 134-44. 





Mqill Results from the PISA 2012 
Computet--Bqsed Assessments 

Computer-based tests expand the range of situations in which students' 
ability to apply the ir knowledge can be measured. Students in 32 countries 
and economies that participated in the PISA 2012 pencil-and-paper 
assessment were invited to take a test of read ing and mathematics on 
computers. This chapter discusses the results of those computer-based 
assessments 
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m~~ In 32 countries and economies students who part1c1pated 111 the PISA 2012 penc il and paper 

assessment were also invited lo take a test of reading and mathematics on computers. 1 This laller 
assessment included 18 reading questions originally developed for use in the 2009 assessment 

of digital reading. and 41 specially designed mathematics questions. This chapter reports results 

from the PISA 2012 computer.based assessments 

What the data tell us 

• Singapore, followed by Korea, Hong Kong-China, Japan, Canada and Shanghai-China 

were the top-performing countriL-'Sleconomies in digital reading in 2012; Singapore and 

Shanghai-China, followed by Korea, Hong Kong-China, Macao-China, Japan and Chinese 
Taipei were top performers in the 2012 computer-based mathematics assessment. 

• In Korea and Singapore, studen ts score more than 20 points higher on the digital reading 

scale, on average, than students in other countries with similar skills in print reading. 

• Students in Australia, Austria, Canada, Japan, Slovenia and the United States, as well as 

students in partner countries/economies Macao-China and the United Arab Emirates, 
perform better on mathematics tasks that require the use of computers to solve problems 

compared to their success on trad itional tasks. By contrast. students in Belgium, Chile, 

France, Ireland, Poland and Spain perform worse than expected on such tasks, given their 
performance on traditional mathematics tasks. 

While both reading and mathematics tasks in the computer-based assessment were developed 

within the same framework as their corresponding paper-based tasks, the results of the former 

assessment are reported on separate scales. Indeed, computer-based 11:.-sts expand the range of 

si tuations in which reading and mathematics are assessed in PISA. A key feature of digital reading 

tasks is that they use the typi cal text formats encountered on line; as a result, many of them 

require students to navigate through and across texts by using such tools as hyperlinks, browser 

button or scrol ling, in order to access the information. The design of mathematics tasks, on the 

other hand, ensured that mathemati cal reasoning and processes take precedence over mastery 

of using the computer as a tool. Several tasks, however, also involve typical situations in which 

information and communication tools, such as using spreadsheets to collect data or create a 

chart, help to solve mathematics problems. 

Demands for general knowledge and skills related to computers were kept to a minimum. They 

included using a keyboard and mouse, and knmving common conventions, such as arrows to move 

forward. A short introduction to the test provided all students wi1h the opportunity to practice using 

the tools through which they could interact with the test items, as well as response formats. 

SIMILARITIES AND DIFFERENCES BETWEEN PAPER-BASED 
AND COMPUTER-BASED ASSESSMENTS 

This section highlights what is particular about the computer-based assessments of reading and 

mathematics in PISA 2012. The discussion starts by highlighting differences with paper-based 
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assessments m what 1s assessed and ends by looking at how prof1c1ency 1s assessed More detatls ~~ 
about the framework for these assessments can be found in the framework publication (DECO, 
2013); details about the test design and operational characteristics can be found in the technical 
report (OECD, 2014a). 

ltems from units SERA/NC, SPORTS CLUB and LANGUAGE LEARNING - three digital reading 

units used in the PISA 2012 assessment-can be seen, and tested, on the website of the Australian 

Council for Educational Research (b11Q-//chasq acne>d11 au/index php?rmd-tofrn2012l. 
Items from three computer-based mathematics units used in the PISA 2012 main survey 

(CD PRODUCTION, STAR POINTS and BODY MASS INDEX), as well as items from four field-trial 

units, can also be found on the same website lht1p·//cb,1sq iJCPr Pdll ,11J/ind1-'x phplcmd- 10M,1th5). 
All main survey items are available in 91 languages. 

Differences between digital and print reading 
The framework for reading treats digital and print reading as a single domain, while acknowledging 

the differences between reading on paper and reading on digital platforms. TI1ese differences are 

reflected in the assessment tasks used to assess reading in the \\vo media. 

First, in a typical Internet reading situation, the reader is generally unable to see the physical 

amount of text available; at the same time, he can access multiple sources more easily than in 

a print environment. While there are offline situations where readers need to consult several 

printed documents, the PISA assessment makes minimal use of such situations. All stimulus 

material fi ts onto a single page in the PISA assessment of print reading, and this limits the extent 
to which texts from multiple sources can be used. By contras\, because reading on the Internet 

usually involves referring Lo several pages, and often to several texts from different sources, 

composed by different authors and appearing in different formats, it was important that the 

computer-based assessment allowed for the possibility of usi ng multiple texts simultaneously. 

Another distinction between digital and print reading is the text types that are typical of each 

medium. Much reading in the digital medium involves personal communications and exchanges 

that aim to achieve a specific purpose (transactions), as in e-mails and text messages that set 

the date of a meeting or ask a friend for a suggestion. Narrative texts, in contrast, are more 

common in print reading. As a consequence, there are no assessment tasks in the digital reading 

assessment that are based on narrative texts, whereas transaction texts are absent from the print 

reading assessment in PISA. 

Finally, while the major cognitive processes involved in print and digital reading are the same, 

performing tasks that demand these processes may pose a greater challenge in the digital ml..>d ium 

than on paper, because navigation is required (see Chapter 4). Access and retrieve tasks, for 

instance, involve locating information: on line, readers need lo search for information in a more 
abstract space than in printed books or documents, without seeing the full text. Search tools 

are also specific to each medium: search engines and menus on line, tables of contents and 

indices in printed documen\s. lnregra1eand inierpret tasks require readers to contrast or compare 

information from different locations. In digital reading, such tasks often involve multiple texts and 

diverse text formats; and because the texts are usualty not visible simultaneously, readers must 
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m~~ rely on their short term memory to perform these tasks Reflecllon and evaluaf1on processes tend 

to be required only for the most difficult tasks on paper. In contrast, when reading on line, readers 

must often assess the credibility of the content even when solving simple tasks, given that there 

are fewer filters between the author and the reader to decide what is published. 

Knowledge of some tec hniques of navigation and some navigation tools (e.g. hyperlinks, tabs, 

menus, the "back'' bullon) are part of being li terate in the digital medium. Such skills and 
knowledge should be regarded as lCT skills that are measured, together with the mastery of 
reading processes, in the assessment of digital reading. 

Differences between computer-based and paper-based mathematics 
The computer-based assessment of mathematics recognises that mathemati cal competency 
in the 21st century includes usage of computers. Indeed, computers offer tools to describe, 
explain, or predict phenomena by employing mathematical concepts, facts, procedures and 
reasoning. Students' ability to use these tools is an aspect of mathemati cal literacy that could not 
be assessed on paper, and was on ly assessed in the computer-based assessment. Conversely, the 
mathematical competencies that are tested on paper are all represented in the computer-based 
assessment of mathematics (a!1hough the small number of tasks means that not all of them could 
be covered well). 

Thus, the main difference between the paper-based and computer-based mathematics assessment 
is that only in the latter are skills related to using lCT tool s for mathematics tasks assessed. These 
skills include using computers lo make a chart from data, produce graphs of functions, sort data 
sets, use on-screen calculators, use virtual instruments, or use a mouse or a dia log box to rotate, 
translate, or reflect a geometrical figure. 

Differences in test design and operational characteristics 
of computer- and paper-based assessments 
ln addition to differences in the constructs of the read ing and mathematics ass1..,,ssments, the re 
are differences in how tests were administered. The obvious difference is that 1he paper-based 
assessmen ts were completed with pen and paper as part of a two-hour test session . By contrast, 
computer-based assessments were completed with a keyboard and mouse, while looking at 
quest ions on a screen, and lasted only 40 minutes. 

A consequence of the difference in testing time is that more items were used in the print reading 
and paper-based mathematics assessments than in the digital reading and computer-based 

mathematics assessments. For this reason, the uncertainty associated with the measurement of 
petformance is greater in the computer-based tests, particu larly at vety high or very low levels 
of proficiency. In addition, resu lts are on ly reported on a si ngle, global sca le, not on subscales. 

Not all students who sat the paper-based assessments completed the computer-based assessment; 
nor did they necessarily encounter questions from the digital readi ng assessment or the computer­
based mathematics assessment in their test forms. In fact, in the 32 countries that participated 
in the opt ional computer-based assessments of reading and mathematics, only about half of a ll 
students who were sampled for PISA within each participating school were also invited to take a 



-""'"""~'~'"· " "~~u,.Yo•sYSSM<m,~ 

computer based test And because three domains (d1g1tal reading, computer based mathematics ~~ 
and problem solving) were assessed on computers, of all students who were sampled for the 
computer-based test, only two out of three encountered questions from a particular domain in 

their forms. 

STUDENT PERFORMANCE IN DIGITAL READING 

PISA outcomes are reported in a variety of ways . This section gives the country results and 

shows how performance varies within and across countries. ln add ition, it shows trends in the 

digital reading performance of countries/economies that participated in both the PISA 2009 and 

PISA 2012 assessments. 

When digital reading was assessed for the first time in 2009, the scale was fixed so that the 

average mean score and standard deviation for OECD countries would match those of the print 

reading scale for the same year and the same countries (OECD, 2011 ). In 2012, results were 

reported on the same scale as in 2009. 

Average performance in digital reading 
When comparing countries and economies on the basis of their average digital reading score, 

it is important to remember that not all performance differences observed between countries 

are statistically sign ificant. ln other words, because the PISA survey is based on a sample of 

students and a limited number of items, some small differences may be observed by chance, even 

when there are no differences in the true proficiency of students on average. When interpreting 

mean performance, only 1hose differences among countries and economies that are s1a1is tically 

significa nt should be taken into account. These are differences that are large enough - so large 

in fact as to make it highly unlikely that the difference observed among samples of studen ts does 

not reflect a true difference in the populations from which these students are drawn. 

Figure 3.1 li sts each participating country and economy in descending order of its mean digital­

reading score (left co lumn). The val ues range from a high of 567 points for partner country 

Singapore to a low of 396 points for partner coun try Colombia . Countries and economies are 

also divided into three broad groups: those whose mean scores are not stat ist ically different from 

the mean for the 23 OECD countries participating in the assessment (highlighted in dark blue), 

those whose mean scores are sign if icantly above the OECD mean (high ligh ted in pale blue), and 

those whose mean scores are significantly below the OECD mean. The best -performing OECD 

country is Korea, followed by Japan. Partner coun try Singapore performs better than all other 

countries and economies, including Korea, while the perlormance of Hong Kong-China is not 

statistically different from that of Korea or Japan. Canada, Shanghai-China, Estonia, Australia, 

Ireland, Ch inese Taipei, Macao-Ch ina, the United States, France and Belgium (in decreasing 

order of mean performance) also perform above the OECD average, but below the four best­

performing countries and economies. 

Because the figures are derived from samples, it is not possible to determine a country's precise 

rank among the participating countries/economies. However, it is possible to determine, with 

confidence, a range of ranks in which the performance of the country/economy lies (Figure 3.2). 
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Comparing countries' and economies' performance 
in digital reading 
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Where countries and economies ra nk in digital reading performa nce 
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Trends in average digital reading performance 
PISA 2012 marks the second t ime digital read ing was assessed in PISA, with tasks that are bui lt 

around the typi ca l text formats encountered on line. Of the 19 countries and economies that 
pa rtic ipated in the digita l reading assessment in 2009, 17 renewed their part ic ipation in 2012 
{Iceland and New Zealand are the exceptions). Because Lhe PISA 2012 assessment of digital 
reading uses a subset of the items developed and used in PISA 2009, results from the two 
assessments ca n be compared over time. 

Among the 16 countries and economies for which resu lts ca n be compared over time, 2 four show 
a decline in 1he mean performance of their stu den!S, four show no change, and eigh t countries 
and economies show a signif icant improvement in performance (Figure 3.3). 
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Digital reading performance in 2009 and 2012 

I ! 
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Note: Statistically signi ficant scor,:,.poin! changes bc,tween PISA 2012 and PISA 2009 ar,:, marked in a darker tone. 
Source: OECD. PISA 2012 Da tal,asc. Table 3.1 
seaet3n1<.,,,. http, //it<.""1.org/lo.na7/esa9JJ252910 

The largest improvement in average performance is observed in Hong Kong-China, where students 

scored 35 score points higher, on average, than they did in 2009. Significant improvements 
in average performance are also observed in Colombia, Japan, Macao-China , Chile, France, 

Poland and Ireland, in decreasing order of their magnitude. A stable mean performance is found 

in Belgium, Denmark, Nor.vay and Spain. ln Australia, H unga ry, Korea and Sweden, students in 

2012 performed more than ten points be low the level achieved by students in 2009. Korea was 

the lop-performing country in 2009, with a mean score of 568 points, almost SO points above 

Hong Kong-Ch ina and Japan . By 2012, stude1,ts in Korea performed on par with students in 

Hong Kong-China (Figure 3.3 ). 

ln general, trends in digital reading performance are highly correlated to trends in print reading 

performance. Figure 3.4 shows that most countries where digital reading performance improved 

also saw similar gains in their print reading performance. The most notable exceptions are Chile 

and Colombia, where digita l reading performance improved significantly, but performance on the 

print reading assessment remained stable. These t rends are examirnxl further below. 
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Change in digital and print reading performance between 2009 and 2012 
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Source: OECD, PISA 2012 Database, Table 3.2. 
Stat1.fo1<.-:,.m, http: //d:x..<bi .org/lo.ne1/eas~JJ2S:.~:.l6 

Students at the different levels of proficiency in digital reading 
Thi s section describes performance in terms of the levels of proficiency that were constructed 

for reporting the PISA 2009 digi1al reading scale. Beca use the PISA digital reading assessment is 
a short test based on a limited number of tasks, only four profi ciency levels could be described, 

rather th an the usual six. The lowest described level of profi ciency is equivalent to Level 2 on the 
reading sca le, and corresponds to a baseline level of proficiency in digital reading. The highest 

described level of proficiency is equivalent to Level 5 on !he reading sca le. 

The distribution of student performance across these proficiency levels in each parti c ipating 

country is shown in Figure 3.5. A detailed description of profic iency levels ca n be found in 

PISA 2009 Results: Students On Line (OECD, 2011 ). 
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Proficiency in digital reading 
Percentage o f students at the different levels of digita l reading proficiency 
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Coumries ,1nd economies are ranked In de;cendlngorderof the perceni,ige of students at or above level 2 in digiu/ reading. 
Source: OECD, PISA 2012 O;itaba~, Table 3.3. 
Staeu.,1<llli:llt 1ttp ,//<1>: . <>'.>i .org/10 .1787/8689ll25:l9l5 

Top performers in digital reading 
Students proficient at Level 5 or above are skilled on line readers. Top performers in digita l reading 
are able to eval uate informat ion from several sources, assessing the cred ibility and utility of what 
they read usi ng criteria that they have generated themselves. They are also able to solve tasks 

that require the reader to locate information, related to an unfamiliar context. in the presence of 

ambiguity and without explic it directions. ln short. thL,y are able to navigate autonomously and 

efficiently. Critical evaluation and expertise in locating relevant information are the key skills in 
online reading, given the virtually unlimited number of texts that ca n be accessed on line, and 

the variation in their credibility and trustworthiness. Students performing at Level 5 or above 

are able to deal with more technical material as well as with more popular and idiomatic texts. 
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They no11ce fmed1stmct1ons m the deta il of the text allowing them to draw inferences and form ~~ 
plausible hypotheses. 

Across the 23 OECD countries that participated in the d igital read ing assessment in 2012, 8% of 

students performed al this level and can be considered top performers in digital reading. In 
Singapore, more than one in four students (27%) perform at Level 5 or above. So do about one 

in five students in Hong Kong-China (21 %) and Korea (18%). 

ln general, a ranking of countries and economies by the proportion of top-performing students 

(students at Level 5 or above) matches the ranking of countries/economies by mean performance, 

but there are a number of exceptions. Mean performance in Israel is below the OECD average, 

but 1he share of top·performing students in Israel is similar to the share found across the OECD 

on average. By contrast, students in Macao-China perform above students in Belgium, Italy 

and Norway, bul these countries all have larger proportions of top-performing studen ts than 

Macao-China. 

Low performers in digital reading 
At the lower end of the sca le, students performing below Level 2 are able to complete only the easiest 

digital reading tasks in the PISA 2012 assessment, if any. TI1ey have difficulties using convent ional 

navigation tools and features, and locating links or information that are not prominently placed. 

Some of these students can scroll and navigate across web pages, and can locate simple pieces 

of information in a short text, if given expli ci t directions. TI1ese students are referred to as low 

performers in digital reading because they perform at levels that are not likely to allow them full 

access to educat ion, employment and socia l opportunities afforded by digital devices. 

Some 18% of students are considered low performers in digi tal reading. on average across the 

23 participating OECD countries. In partner countr ies Colombia and the United Arab Emirates, 

more than half of all I S-year-old students perform at this low level. la rge proportions of 

low-performing students are also found in Brazil (37%), Hunga~ (32%), Israel (3 1%), Chile 

(29%) and Spain (26%). By contrast, less than 5% of students perform below level 2 in Japan, 

Korea and Singapore. These cou ntries are close to ensuring that all students have the basic 

knowledge and ski ll s required to access and use information that can be found on the Internet. 

Progressions in digital reading proficiency 
As students progress from the lower levels of proficiency to ever greater skill in digital reading, 

they become more autonomous in their navigation and better able to dea l wi th a range of 

online text formats and text types, including unfamiliar ones. At level 2 on the digi tal reading 

scale, students can successfu l ly follow explicit instructions to locate information on line, 

form general isat ions, such as recognising the intended audience of a websi1e, and use typical 

online order forms that include drop-down menus or open text fields. At level 3, in addition to 

mastering Level 2 tasks, students can cope with more complex d igital reading tasks, including 

tasks that requ ire integrating information from across different websites. At level 4, students 

comp lete even more chal lenging tasks: they can assess the authori ty and relevance of sources 

when provided with support, and can exp lain the cri teria on which their judgements are based. 
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m~~ They can also synthesise mforma\1011 across several Sites (as IS required for instance Ill the 

sample unit SERA/NG, Task 3: see Chapter 7) and understand texts written in technical language. 

Box 3.1. The International Computer and Information Literacy Study (2013) 
and its relation to digital reading in PISA 

In 2013, 21 education systems around the world participated in the first International Computer 

and Information Literacy Study (ICILS), organised by the International Association for the 

Evalua1ion of Educational Achievement (]EA). Computer and information literacy is defined 
as "an individual's ability to use computers to investigate, create and communicate in order 

to participate effectively at home, at school, in the workplace and in society''. The framevvork 
highlights two strands of digital competence: "collecting and managing information", 

which also involves localing and evaluating informal ion, and "producing and exchanging 

information", of which an understanding of on line safety and security issues are part. 

While some aspects highlighted by the PISA digital reading framework are covered, in 

particular, by the first strand of the ICILSframe...vork, the concept of computer and information 
literacy is clearly distinct from digital reading. 

TI1e test was administered to eighth-grade students. Among the l 2 cou ntries that met the 
sampling requirements for lClLS, the Czech Republic obtained 1he highest mean score, 

followed by a group of four countries (Australia, Korea, Norway [grade 9J and Poland) 

with similar mean scores. While the target population differs, it is notable that the mean 
performance of Poland was clearly above that of countries, such as the Russian Federation, 

1he Slovak Republic and Slovenia, whose mean scores in the PISA digital reading assessment 

was similar. 

Sourct!:Fraillon etal., 2014. 

Trends at the top and bottom of the performance distribution 
in digital reading 
Changes in a country's/economy's average performance can result from improvements or 

deterioration in performance at different points in the performance distribution. Trends in the 

proportion of low- and top-performing students indicate, in particular, what students can do 

be\ler in 2012 than in 2009 (Figure 3.6). 

Between 2009 and 2012, two countries, Chile and Colombia, significantly reduced the share of 

students performing below Level 2 in digital reading. Both countries still have large proportions of 

students performing at the lowest levels, but they were able to reduce underperformance significantly 

within only three years. The fact that no reduction was OOserved in these countries in the share 

of low achievers in print reading suggests that improvements in digital reading performance are 

related to improved ICT skills and better dispositions towards the use of computers among students. 

In the past, lack of familiarity with ICT tools and on line text formats may have been a major obstacle 

for some students to complete even the easiest digital reading tasks. 
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Percentage of low achievers and top performers in digital reading 

in 2009 and 2012 
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Source: OECO, PISA 2012 Oataba~i. Ta ble 3.4 
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In Hong Kong-China and Japan, the share of top-performing students increased significa ntly 

between 2009 and 2012. In both, a simi lar, though smaller, increase in the share of top 

performers was observed in print reading as well (OECD, 2014b, Table 1.4. lb). This may indicate 

that Hong Kong-China and Japan achieved gains at higher levels of proficiency by improving 
students' ability to master difficult reading tasks across both printed and online texts. 

It is also possible to assess whether these changes in performance occurred among the countries'/ 
economies' strongest or weakest studenls by looking at trends in percen tiles. Eight countries/ 

economies improved thei r average performance betwt."en 2009 and 2012. In Chile, improvemen1S 

were largL>st among the lowest-performing students. By contrast, Colombi a, Hong Kong-China 
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m~~ and Japan were able to raise performance !11 d1g:1tal read mg mainly among their best perform mg 

students. France, Ireland, Macao-China and Poland showed similar improvements among 
students at the top and bottom of the performance distribution (Table 3.5). 

Among countries with deteriorating performance in digital reading, Hungary, Korea and Sweden 

show the biggest declines in performance among their weakest students. In Australia, performance 

declined to a similar extent across the distribution (Table 3.5). 

Four countries, namely Belgium, Denmark, Norway and Spain, showed stable mean performance. 

However, in Norway, the lack of change in mean performance masks a significant widening of 

performance differences, with the lowest-achieving students performing even lower, and the 

highest-achieving s1udents even higher, in 2012 compared !o 2009 (Tab le 3.5). 

DIFFERENCES IN PERFORMANCE BETWEEN PRINT AND DIGITAL READING 

Overall, the correlation betw<..>en the digital and print reading performance of students is 0.81, 

about the same correlation as observed between digital reading and (paper-based) mathematics 

scores (0.78) (Table 3.9).1 

While, in general, strong readers will perform well both in print and digital reading, there is 

significant variation in digital reading performance at all levels of performance in print reading. 

The variation in digital reading performance that is not explained by differences in print reading 

skills is referred lo as residual variation. Some of this residual variation contributes to differences 

in performance observed across countries/economies. It is then referred to as the relative 

performance of countries/economies in digital reading (Figure 3.7) . This relative performance 

may be related to skills that are used, to a greater extent, when reading on line (SL>e Chapter 4) . 

11 may also be related to students' dispositions towards the medium and the variation in students' 

familiarity with basic ICT skills, such as operating a mouse and keyboard to use hyperlinks, 

browser buttons, drop-down menus and !ext-en try fields. 

In 11 countries and economies, students perform significantly better in digital reading. on average, 

than students in other countries with similar skills in print reading. A large, positive difference 

in digital reading performance, after accounting for print reading performance, is observed in 

Singapore (32 score poin1s) and Korea (24 score points). Students in Aus1ralia, Canada, Estonia, 

Hong Kong-China, Italy, Japan, Macao-China, Sweden and the United States also perform better 

than would be expected, based on their performance in print reading {Figure 3.7). 

ln 15 countries and economies, students perform below par in digital reading, on average, when 

compared to students in other participating countries and economies who display the same level 

of profic iency in prin1 read ing. Large gaps in relative performance in digi1a l reading are found in 

the United Arab Emirates (50 score points), Hungary (43 score points), Poland (40 score points), 

Israel (3 1 score points), Colombia (30 score points), Shanghai-China (26 score points) and Spain 

(25 score points). Students in Austria, Belgium, Denmark, the Russian Federation, Portugal and 

Slovenia also perform worse in digita l reading, on average, than wou ld be expected, based on 

their performance in print reading (Figure 3.7). 
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Relative performance in digital reading 
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Each studeoit's ,:,xpected po-formance is estima!ed, usi ng a reg.ress ion model, as th e pr,:,dict,:,d perfo,mance in digital reading 
givenhisorht_,.. scoreinprintreading 
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Top performers in digital and print reading 
Figure 3.8 shows the proportion of top performers across countries and economies participating 

in the digital reading assessment, highlighting the extent to which 1hose students who 

demonstrate high p rof iciency in print reading can perform at similar levels in digital reading as 

well. On average across OECD countries, 8% of students perform at Level Sor above in digital 
reading. Of these, about half (4%) also perform at this level in print reading. 

Conversely, in many countries and economies, about half of the top performers in print reading 
also perform at the top in digital reading. In Australia, Estonia and Singapore, more than two 

in three top performers in print reading also perform at the top in digital read ing. ln these 

cou ntries, good readers usually are able to perform at simi lar levels rega rdless of the medium. 
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Overlapping of top performers in digital and print reading 
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Countries and ecooomies are ranked in descending order of the percentage of top performers in dogital reading 
Sourcc: OECD, PISA 2012 0,1tabase, fable, 3.7 
Sta tLirn<~ N:tp,//<l><.doi.org/l0 .l791/i88\IJJ25.l%;i 

ln Poland, however, fewer than one in three top performers in print reading also performs at 
the top in digital reading. Thi s may indicate that, more often than in o ther countries, in Poland, 

good readers of prin1 documents lack the eva lualion and navigation ski ll s that would make 

them ski lled online readers. 

Low performers in digital and print reading 
Figure 3.9 shows the proportion of low performers across OECD countries, high lighting the 
extent to which low-performing students in digital reading also encounter difficulties when 

reading pri nt documents. In general, there is a grea ter overlap among low-performers than 

among top-performers across the two media. 

At the same time, several countries and economies have significant proporlions of student who, 

despite being able to read at Level 2 or above when assessed on paper, perform below Level 2 



-""'"" "~'~ '"·"" ~ ~u,.Yo•sYSSM<m,~ 

when assessed on computer In Colombia Hungary, Israel Poland the Russian Federation, Spain ~~ 
and the United Arab Emirates, more than one in ten students is a low performer in digital reading 

but not in print reading (Figure 3.9). In these countries, many students may have difficulties 
with the generic JCT skills and conventions required to interact with the test platform, and thus 

perform poorly in digital reading despite their relatively good reading skills. 

• Figure 3.9 • 

Overlapping of low performers in digital and print reading 

I D Print rc.1ding only • Digit,11 a nd p<int u~ading D Oigit,11 rc.1ding only I 

Countries ,1nd economies are rJnked in ascending order of the percentage of low performers in digital reading. 
Soum,: OECD, PISA 2012 0,1tabase, Table 3.7 

hup, //m< .<>'.>i.mg/10.1787/8889l3:l52976 

STUDENT PERFORMANCE IN THE COMPUTER-BASED ASSESSMENT 
OF MATHEMATICS 

Mathematics was the focus of the PISA 2012 assessment, meaning that booklets in the paper­
based test contained questions measuring students' capacity to formulate, employ and interpret 
mathematics to a larger extent than questions for reading and science, the other domains assessed 
on paper. For the first time, mathematics was a lso assessed on compu1ers in 2012. This section 
reports the results from the computer-based assessment of mathematics. 
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m~~ Average performance in the computer-based assessment of mathematics 
The same 32 countries/economies that par1icipated in the optional assessment of digital reading 

also participated in the computer-based assessment of mathematics. TI,e scale for reporting 
performance on the computer-based test of mathematics was fixed so that 1he average mean score 

and standard deviation for OECD countries would match those of the paper-based mathematics 
scale for the same year and the same countries. 

• Figure3.10 • 

Comparing countries' and economies' performance in the computer-based 
assessment of mathematics 

"' '" 

§ Statisticallysign ifocantly abovethe OECD average 
Not Statisrically signif,ca n1ly d:lle,en1 from the OECD average 
Statis,ically sigmfocantly below tl,e OKD ave,ag~ 

Coon1, i .. 1rconomieswho"' mea,, Sct>fe i• NOT SlaliSliC>lly signilicantly diffe..,nl 
from 1ha1ofthecompari<0ncoun t,y/,.conomy 

Italy fr.lroce.Au<lria,United5tate<,Norway,SJovak Republic,Denma,1..,lrelar>d,Sweden, Ru11;ianfederation, 
lbla,ld,Portu I 

497 SkwakRe ubfic tuiv, United 
4% Denmark hal,Uniied 

hland hal;Uni11e'd 

Russian F~derotion ha.I , Uni1ed 
Po land 

Soun;e: O ECD, PISA 2012 0.itabaw 
1t~ ,//<t,,. .<»i .=g/l0 .1787/8889332S298S 

Figure 3.1 O lists each participating countiy and economy in descending order of its mean score in 

the computer-based mathematics test (left column). The values range from a high of 566 points for 

partner country Singapore to a low of 397 points for partner country Colombia. Shanghai-China 

{562 points) performs at the same level as Singapore. Students in Korea, Hong Kong-China, 
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Macao China Japan and Ch1neseTa1pe1 (in descending order of mean performance) score lower ~~ 
than students in Singapore, on average, but significantly higher than the mean performance of 
students in any o1her country/economy par1icipating in the assessment 

Differences between countries' mean scores on the computer-based and paper-based mathematics 
assessment are smaller than those observed between the digital and print-readi ng assessments. 
Indeed, the correlation between students' results on the paper- and computer-based mathematics 

scale is higher (0.86) than the correlation between the digital and print-reading scores (0 .81), 
when considering the pooled sample of students from all participating countries (Table 3.9). 

Table 3.10 reports differences in mean scores between the computer-based and the paper-based 

assessment of ma1hematics, by country. 

Figure 3.11 shows where each country/economy ranks in its mean performance in the computer· 

based mathematics test. A range of ranks is presented to reflect the uncertainty associated with 

this estimate. 

• Figure3.11 • 

Where countries and economies rank in computer-based 
mathematics performance 

Range of ranks 

OECDcountries All countries/economies 

Upper rank Lower rank Upper rank Lower ra nk 

Chinese Taipei 
11 .1) 
12.2) 

France '™ Australia "" Austria " " Ital ,c 
(4.1) 

Nnrwa 12.8) " S!ovakReublic 13 .5) " " 12.7) " " 
(1.9) 

Kussianft>dt>ration '"' 12.b) " Poland '"' [4.()) " 
Slovenia (1.l) .. " " Soain 13 .l ) " ,0 " Hunarv " Israel 
UnitedArabEmira!t>s '" 12.l) 

"' 13 .3) 
Brazil 421 '° Cnlombia "' " 

Source:OECD, PISA2012 Database. 
St:atift1k llli'.llt ht tp ,//d>:.<k>i."'9/l0 .178~/8889JJ252'192 
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m~~ DIFFERENCES IN PERFORMANCE RELATED TO THE USE OF ICY TOOLS 
FOR SOLVING MATHEMATICS PROBLEMS 

Computers provide a range of opportunities for developing tests that are more interactive, authentic 

and engaging {Stacey and Wil iam, 2012); they are also increasingly used in the workplace and in 
everyday life to deal with problems involving numbers, quantities, two or three-d imensional figures, 

and data. While the assessment framework for the PISA compu1er-based mathematics assessment is 
the same as for the paper-based test, some of the computer-based tasks could not exist in a paper test 
because of their response form at (e.g. udrag and drop"), or because they require students to use the 

computer as a mathematical tool, by interacting with the st imulus lo solve a mathematics problem. 

• Figure 3.12 • 

Success on mathematics tasks that require/do not require 
the use of computers to solve problems 

Average p ercentage of full -credit re.~pomes across countries and economie.~ 
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Notes: Each d iamoo,d represmts !~ mean values oi a country/ffonomy. 
In t~ compu!er-based assessmen! oi mathematics, Canada and France share similar levels of performarn:e on tasks that do not 
requir,:, t~ use of computers to so lw ma thematics problems. bu! differ in their studerm' performance on !asks that do rL~Juire 
s,ichuse; thisexampleisdiscussedinthercxt 
Source:OECD, PISA2012Datal>.,se, Tab le3.11 
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Such tasks require students to build and rotate a three d1mens1onal figure using a mouse to find ~~ 
out how the graphical representation of a function changL>S depending on its parameters, to use an 

on.screen calculator, to sort a data set, or to produce a chart from data. 

By design, not all computer-basL>d tasks involved the use of the computer as a mathematical tool . 

This variation makes it possible to analyse the impact of these kinds of demands on performance. 
While task formats that involve the use of computers as mathematical tools may appear more 

engaging, not a ll students may react similarly to them. These types of tasks also typically require 

greater familiarity with computers and their application to mathematics. 

Figure 3.12 plots average success rates for tasks that require the use of computers to solve 

mathematics problems against average success rates for more traditional mathematics tasks. 4 

While both types of tasks were presented on screen, only in the former set of tasks did the 

solution require the use of computer tools, or was made easier if the computer was used as a tool. 

Tasks in unit CD PRODUCTION, for instance, require students to use an on-screen calculator. 

Tasks in units STAR POINTS and BODY MASS INDEX, in contrast, are examples of "traditional" 

items. The fact that students use keyboard and mouse, instead of pens and pencils, to answer 

these items does not make them easier than their corresponding paper versions would be. 5 

ln general, country rankings are similar across the two types of tasks. However, as Figure 3.12 

shows, perlormance is not perfectly aligned. Countries that share similar levels of success on 

tasks that do not require the use of computers. to solve problems do not necessarily perform 

similarly on tasks that require students to use mathematics-specific ICT tools in order to solve the 

task. Often, when considering two countries. with similar performance on the first set of tasks, 

one country is significantly stronger than the other on the second set of tasks. 

Students in Canada, for instance, have similar success rates as students in France on tasks 

where the use of computers as tools for solving mathematics problems is not required. In both 

countries, students answer around 42% of these tasks correctly. Students in Canada, however, 

have significantly greater success than students in France (32% vs. 27%) on tasks where the 

solution is only possible, or is made easier, by using computers as mathematical tools. 

Figure 3.13 ranks countries and economies according to whether their students had greater 

success on tasks that require the use of computers to solve problems, or on the remaining tasks, 

rela tive to their overall success . This analysis accounts for differences in 1he difficulty of tasks 

across the two sets by comparing success on bolh types of tasks in each country/economy to the 

average success rate across OECD countries. 

Accord ing to these adjusted figures, students in Australia, Austria, Canada, Japan, Slovenia and the 

United Stat<.."S as well as those in partner countries/economies Macao-China and the United Arab 

Emirates perlorm better on tasks that require the use of computers to solve problems, compared to 

their success on traditional tasks. By contrast, relative success is only 0.86 in France (significantly 

below par), indicati ng weaker-than-expected performance when students are confronted with tasks 

that require the use of computer-based tools to arrive at the solution. Students in Belgium, Chile, 

Ireland, Poland and Spain also perform worse than expected on such tasks. 
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m~~ • Figure 3 13 • 

Relative success on mathematics tasks that require the use 
of computers to solve problems 

Comp,1red to th e OECD aver,1ge 

IOECDaverage~ 1.00) 

Nol<.'S: Values tha t arestatist ica llysignifican t aremarkedinadarker tone. 
This figure shows !hat s!udents in Canada are 1.11 times mo,e li kely than student, across OECD countries, on average, to 
succeed on tasks in the compute.·b.ls,:,<l ma thema tics assessme,, t that requi re the use of computers to solv,:, problems. given 
!he ir successonO!her tasksintheass<-'SSment 
Counlries and ('Conomies are rank(!(/ in descending order of their relative: success on tasks involving the use of computf!rs 
to solve problems 
Source: OECO, PISA 1011 Oatabasi:o, Tab le3 .11 
S t a t Li<>l<IR,;:l»ht:tp, //<l>: .-.org/1 0.178"1/&BB9ll 25J Oll 
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Notes 

1. Germany partkipated in the aS!".('SSments of di gita l reading and computer-based mathematics as,1 resea rch 
project. Results fo r Germ,1ny are not reported 

2. Although Austri,1 did p;irtici pate in both assessments, the comp,uabil i ty of the 2009 data with data from 
PI SA 20 12 cannot be ,1ssured. A negative at mosphere surroundi ng educ,1tional ,nsessment affected the 
condi tions under which the assessment was admi nistered in 2009, and could have adversely affected student 
mot ivat ion to respo nd to the PISA tasks 

3. Both figures refer to the latent correlat ion in the pooled sample of students from all countries/economies 

particip<lling in computer-based assessments. Student observations are weighted w ith fina l student weights 

4. Some of the items classified as "tradi tional", because they do not require the use of computers to solve 
problems, may, however, have respon!".(' formats that are only possible on <,<;rt..'t.'n, such as d rag ,1nd drop, or 
may involve animated st imu lus information. This classification is therefore meant to capture the difference in 
item demands, rather than a difference merely rel;ited to item presentat ion 

5. The examples refer to released computer-based mathematics items, which can be t ried out on the website 
of the Austra lian Council for Educational Research /hltp-/kham ~crrffi11 111 /indg php'cmd- tnM1thsl 

Chapter 31ablesareavai l,1 bleonlineat hun-/kfx.doiqrg/1Q] 787/88!1933277873 

Nole regarding Israel 

The st.1tis!ical data f0< lsr.1,il are supplied by ,ind under the responsibility of the relevant lsr.1eli ,1tJthoriti ,~. The use 
of soch data by the OECD is withou! prejtJdice to the status of the Cobn Heights. East Jerus,:,lem and Israeli Sffl!lements 
in the West Bank under the tei- ms of intematiooal law. 
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The I mporl:cHKe of Nc1vigc1tion 
in Onl ine Rec1ding: 
Think, then Click 

Not only are certain text-processing skills part icularly important when 
reading on line, readers must also be ab le to naviga te through and among 
different texts. This chapter describes students' digital navigation abil ities 
and examines the relationship between navigation ski lls and performance 
in digital reading 
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~ While some similar skills are required to read both onlme and printed documents, onlme texts 

often pose greater challenges to readers than printed texts. In both types of documents, readers 

need to locate key pieces of information, interpret nuances of language, integrate different 

elements of the text. draw upon prior knowledge of textual and linguistic structures and features, 

and reflect on the arguments used or the appropriateness of the style, based on their own 
experience and knowledge of the world. Among these skills, evaluative skills can be particularly 
important for the typical text forms encountered on line. Students who read on line use their 

prior experience (e.g. about the authority of a certain source) and hints, such as layout, poor 

grammar and spelling. to assess the trustworthiness and relevance of the information and draw 

correct inferences from their reading. 

ln contrast to typical print documents, however, typical online documents are characterised by 

multi-modality (the combination of text, static images, animations, embedded videos including 

sound, etc.) and by the presence of hyper-links that create non-sequential page structures. Thus, 

not only are certain text-processing skills particularly important when reading on line, readers 

must also naviga1e through and among different texts. 

What the data tell us 

• One in ten students in OECD countries demonstrated limited or no web-browsing 

activity during the digital reading asS(.>ssment, signalling a lack of basic computer skills, a 

lack of familiarity with web browsing or a lack of motivation. By contrast, most students 
in Korea, Macao-China, Shanghai-China and Chinese Taipei navigated through a high 

number of pages to arrive at !heir answer. 

• Students in Singapore, Australia, Korea, Canada, the United States and Ireland rank the 

highest for the average quality of their web browsing {task-oriented browsing). More often 
than in other countries, these students carefully select links to follow before clicking on 

them, and follow relevant links for as long as is needed to answer the question. 

• There is a strong association between countries' digital reading performance and the 

quality of students' navigation (task-oriented browsing), even after accounting for 

performance in print reading. 

The skills required to master navigation include good evaluation: assessing the credibility of 

sources and predicting the likely content of a series of unseen screens, based on hints such as the 

explicit name assigned to a link, the surrounding text, and the URL that appears by hovering over 

the link with a mouse. They also include organisational and spatial skills, such as the ability to 

construct a mental representation of the structure of a website in order to move confidently across 

the different pages of which it is composed. While related skills are required in print reading as 

well, the greater uniformity of document types (such as books) and the physical existence of printed 

documents help readers to meet these demands (Noyes and Garland, 2003; Mangen et al., 2013). 

106 OOE(D201~ STUDENTS. CO.'ll'VTERSANO LEARNING: l>\Al(ING THE CONNECT O N 



mN~,o,ao••••••""'""'""'"°'~ '"'' ' " "a« i,~ 

Moreover, students' nav1gat1on behaviour and skills cannot be assessed m pnnt reading but c.111 ,~ 

be measured, in online text, by tracking students' clicking and scrolling behaviour. 

PISA digital reading tasks, which were originally developed for use in the PISA 2009 assessment, 

were constructed to vary in the level of !ext-processing skills required as well as in the complexity 

of the required navigation. Box 4.1 describes the main factors that determine the difficulty of 

navigation. 

Box 4.1. What accounts for the difficulty of navigation? 

The main source of navigation complexity is the number of pages that need to be viewed 

in order to complete the task. A simple digital reading task may focus on information that 

is immediately visible on the starting page of the task. It may require scrolling on that 

page, or it may require the reader to visit several pages or sites. A task becomes more 
difficult when the information needed to complete it is not immediately visible. 

Complexity of navigation also depends on the quantity, prominence, consistency and 

familiarity of navigation tools and structures on the avai lable pages. When moving 
between pages is required, if there are many hyperlinks or menu items to choose from, the 

reader is likely to find the task more difficult than if there are only one or two hyperlinks 

to choose from. A task is easier if there are prominently placed links in a conventional 

location on the screen; a task is more difficult if links are embedded in the text or are in 
an other.vise unconventional or inconspicuous part of the screen. Clul\ered web pages 

and the presence of advertisements or visuals that deflect the readers' attention from the 

relevant links contribute to the difficulty of navigation. 

Explici1 instructions about the navigation required also reduce task difficulty. Even when 

the reader needs to consult several pages, explicit directions about the pages that must be 

visited and the navigation structures to use can make the task relatively easy. A familiar 
organisation of a website, such as a hierarchical structure, may function as an implicit 

hint and can facilitate navigation . 

Figure 4.1 shows how demands for navigation and text processing contr ibute to the difficulty of 

tasks used in the PISA 2012 assessment of digital reading competence. These tasks are a subset 

of those used in 2009. 

As the figure shows, naviga1ion demands and requirements for \ext -processing skills both 

contribute to the overall difficu lty of each task. The most difficult tasks combine high demands 

for naviga!ion and advanced text-processing skills. Sometimes, tasks with similar demands for 

these two sets of skills may still vary in difficulty. Other factors also contribute to task difficulty, 

such as whether students are asked to construct a response or simply to select a response from 

a list of suggested answers. 
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Relationship between text processing and navigation 
in digital reading tasks 

o:s 1:0 1:s 2:0 2:s J:o J:s 4.0 
rext proces,ir>g[levelol difficu:ty) 

Note,: The hori z0f1!<1 l ,1xi1; ,how, the average ofcxp,irts' ralingsof tcxt.proces, ing d,ima nd,: the vertic,11 axi> , how> the 
aver.1geofexp<.'fl>'rating5ofnavig.1tiondem.1nd1; (hoth ra!ings .m:cxpres><ldon a1-4,cal,i,wi th 4com~pond ingtoth,imost 
d ifficu lt). Each t1 1;k is repn~nted hy a diamond lah<illed with its ffi'<.'<all d ifficulty, expr<."S5e<i in PISA 5<:0fC points . S<iw<al l,15lo; 
may have thcsamc levcloftextp,rocessing / navigationdifficulty 
Source: OECD (201 t), PISA 2009 Results: Swdents 0/1 line : Digiu/ Technologies and Performance (Volume VI), p.43, 
bnrFdxdo'pmlJQJZBZ!'.9Zfl9'641!79'15-eo. 
Sea tUnk~ l"l:tp ,//dx .<ioi.o,:g/lO .l 7$7/S88jJl<SJ0<2 

SUCCESSFUL AND UNSUCCESSFUL NAVIGATION 

How do students master navigation demands? What constitutes good navigation? 

Clearly, good navigation behaviour cannot be defined in the abstract; the purpose of each 
task must be taken into accoun t. Reading, including online reading, is always performed with 

particular goals in mind. Good navigation ca1l be characteri sed as navigation behaviour th at 

is consistent with these goals. This alignment of behaviour and goals requires both cognitive 
resources, e.g. understanding the goal of each task, and meta-cognitive regulation, e.g. ensu ring 

that naviga1ion is guided by task demands and not by personal interests. 

ln order to describe s1Udents' navigation behaviour, the sequence of pages visited by studen ts in 

the process of solving each task was extracted from the log flies record<..->d by the \<..'st administration 

platform. A first measure of students' navigation activity is the length of navigation sequences, 
which corresponds to the number of movements between different pages (steps) recorded in 

log files. TI1e number of movements c;:111 be expected to be posilively relat<..->d to performance in 

digital reading for three reasons. First, because by being active on the task, students generate 

information that they can use to solve the task. Second, longer sequences are often required to 
solve the more complex tasks. Finally, beca use short navigation sequences may indicate a lack 

of motivation and persistence or lack of basic computer skills and familiarity wi th the typica l text 

formats encountered on line. 
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To further 1dent1fy task adaptive nav1gat1on, pages were classified as relevant and non relevant ,~ 

to the task, and each step (movement between pages) in the full sequence was classified as 

a task-relevant step (from and to a relevant page), a misstep (movement from a relevant to a 

non-relevant page), a correction (from a non-relevant to a relevant page), or a task-irrelevant 

step (from and to non-relevant pages). Relevant pages meet at least one of the following criteria 

(OECD, 2011; Naumann, forthcoming): 

• the page contains information that is necessary in order to complete the task: 

• the page contains information that could be assumed to be helpful in completing the task; 

• it is necessary to transit through the page in order to reach a page that meets one of the two 

previous criteria (the starting page of each item, for instance, is always coded as relevanl). 1 

While it is possible to follow different paths in order to collect the information required to solve a 

task, the most effective and efficient paths typically remain on relevant pages only. It is therefore 

expected that performance in digital reading is positively related to the number of task-relevant 

steps, and negatively related to movements that stray from the expected path, particularly if 

students do not revert to the expected path at a later stage. Task-irrelevant movements between 

non-relevant pages are also expected to signal lower performance 

How navigation is related to success in digital reading tasks 
To identify effective navigation behaviours, success on each digital reading task was related, 

in regression models, to variables describing students' navigation sequence. ln a first model, 

the navigation sequence was described only in terms of its length (the number of movements 

between pages, or steps, that made up the sequence). ln a second, more detailed model, the 

quality of these steps was inspected, with the sequence decomposed into the four types of steps 

described above: task-relevant steps, task-irrelevant steps, and missteps, which were separated 

into those for which a further navigation step later on provided a correction, and those that 

remained uncorrected (see Annex A.3 for details about the estimation). 

ln general, longer navigation sequences were associated with greater success. It can be 
estimated that students who visited one additional page per task scored 11 points higher on the 

PISA scale, on average across countries (Figure 4.2). However, as expected, not all navigation 

steps signal better performance. Only task-relevant steps - from relevant to relevant pages - are 

positively associated with performance. Movements from relevant to non-relevant pages are 

associated with lower performance, in general, and particularly if they are not corrected later on 

by returning to a relevant page. 

The relation between navigation behaviour and success in digital reading tasks varies, too, 

depending on the difficulty of navigation required. Actively generating information by visiting 

a high number of pages is important only where this is required to solve the problem. ln 

simple tasks, a high level of browsing activity may signal unfocused behaviour, and is therefore 

negatively associated wi th performance (Figure 4.3). This negative association is particularly 

evident in high-income countries where students are familiar with computers and with on line 

texts (see Table 4.5b for estimates about individual countries/economies). 



~ ,~,-~,.." ........................... '"'"'"'"·"" 

~ • F1gure42 • 
Relationship between success in digital reading tasks 

and the quantity and quality of navigation steps 
Score-point difference associated with a one-unit increase in the average number 

of navigation steps across tasks (OECD average) 

Effect of 
one additional: 
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Notes: The figu•e uiporti; cst im.1tcs from two sP.p<1 ,.1te log i! models (A and B). Logit coefficients are co rwertl'li in to PISA 
score-point equivalents(seeAnnexA.3). 
Allestimatcsaresta tis!icallysignificant 
The figure shows that, across the OECD on average, one addi1ioml step in each task's navigation sequence is associa!ed wi!h 
a ga in of 11 score points Oil the digit<1I reading sca l,i. One additional task-nilevant st,~ is associ,1ted with a gain of 31 score 
pointsonth<:digital read ings,;,1ki 
Source: OECO. PISA 2012 Oatahas,i, Tabl,~ 4.5,1 and b 
SeaeU<>k~http, //d< .-.o,:g/10 .H87/$Sa9))2S)0)9 

• Fi gure4.3 • 

Relationship between success in digital reading tasks 
and the quantity of navigation steps, by difficulty of tasks 

Score-point difference associated with a one~unit increase in the average number 
of navigation steps across tasks (OECD average) 

Hfectofone additionalnaviga1ion Hfec1ofon,,addi1ionalnavigation 
,tepontasksrequiring lessnavlgation s!epontasksr,,qu iringmorenavigation 

Notes, The figure repor15 estimaies from a logit model whe re 1he dependent va1iable has bee<, interacted wi,h a bina ry 
indicatorofdemandsfornavigation. Logitcoefficil'lltsareconvertedintof>ISA score-point equivalents(seeAnnexA.3). 
Allestima tesare sL1tistica llysignificant 
Thefigureshows tha~ in tasks n_'((uiringlessnavigation,sequences that becomelongerbyonestep,onave,-age.areassociated 
wit h a decl ine of 3 points on the digital reading scale. In con trast, in tasks rec1uiring more nav igatKln (where the number oi 
requireds tepsis higher), aone-unitincre;iseintheave,-agen11mberofstepsobservedisassoc~wxlwithagain of14pointson 
thedigital,e.:,dingscale 
Tashre.:1uiring less naviga tionaredc.finedas thosetaskswheretheaverageofexperts'ratingsofnaviga tion demands 
(seeFigure4.1 ) isnol great,:,rthant.Sonascaleoflto4 
Source: OECD, PISA 2012 Database, Table 4.Sa 

http,//<i>c.doi.ou;r/10.1787/8889J3:.l51040 
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Furthermore, 111 tasks where dem;mds for nav1gat1on are m1111mal (as 111 SERA.INC, Task 12), ,~ 

e.g. because the relevant information is on the starting page or can be dearly accessed from it, 
the most important predictor of success is whether the student performed the fev,1 relevant steps 
that were required.3 Indeed, when the relevant information is only one or two steps away, any 

task-relevant sequence is a big SIL,:> towards the sol ution. Devia tions from the task-relevant path 

may signal curiosity, more than difficultiL>s with navigation, and are rare; th1..,y arc associated with 

relatively sma ll penalties in terms of performance.4 

ln contrast, in tasks demanding complex navigation, many steps are required to locate the 

relevant information, which itself is often dispersed, so that students need to integrate information 

from several pages to reach a solution. This is the case in the second and 1hird tasks within the 

unit SERA/NC. ln these and similar tasks, each step along the task-relevan t path is a small st<..,p 

towards the solution. Steps away from the task-relevant path that are not followed by a correction 
ca n reduce the likelihood that all relevant information to solve the task will be collected. Thus 

they are assoc iated with a significa nt penalty. On average, students whose naviga1ion sequences 

end on non-relevant pages in tasks demanding complex navigation score an estimated 77 points 

lower on the PISA digital reading sca le than studen ts whose navigation ends on a relevant page. 
Figure 4.4 shows how the relationsh ip between performance in digital reading, on the one hand, 

and task-relevant and task-irrelevant steps, on the other, varies across tasks requiring simple or 

complex navigation. 

• Figure 4.4 • 

Relationship between success in digital reading tasks 
and the quality of navigation, by difficulty of tasks 

Score-point difference as.~ociated with a one-unit increase in the average number 
of navigation steps across tasks (OECD average) 

Non- Task- Task-
corr@cl@d mi~leJJ irr@levant miss!@JJ irrel@vant 

miss!@JJ sl@p step misstep st~p 

Notes: The figure reports cstim,,ies from a logi1 model where dependefl1 variables have been interacted wi1h a binary indica(Of 
d demands /Of naviga!ion. Logi! c~ffic iCflts arc converted in!o PISA scorn-point ~uivalcnts (see Annc,c A.] ) 
S!a1isticallysignificant es! ima1csarert.,por!cdabovc/below!heco lu mns. 
The figure shows Iha~ in tasks r,:,quiring less navigat ioo. one additional ~1sk-relevant step isassociatt..:l wi!h a gain of 143 points 
on the digita l reading scale. In usks requi,ing more navigation (where the number ol ra1uired steps is highCf), one add itional 
task-relevantstepisassoc;aiedwithagainof 30pointsonihedigita l re.'ldingscale 
Tasksrequiringlessnavigat ionaredefinedasthosetaskswheretheaverageofexperts"ra tingsofnavigationdernands 
(seeFigure4.t ) isnot g,,:,aterthan1.5on ascalcof tto4. 
Source: OECD. PISA 1012 Database, Table 4.5b. 
S~a~Li<lk~ ht tp, //<1,:.c»i .org/10 . 1?87/8889Jl25JO!.I 
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~ ln sum nav1gat1011 behaviour predicts success in d1g1tal read111g tasks More precisely effective 

navigation is characterised by a task-oriented selection of what to read, and can thus be 
measured by observing whether readers access the relevant nodes within a hypertext, e.g. by 
counting the number of steps in the navigation sequence that involve only relevant pages. 
Effective navigation is further characterised by sequences that always end on relevant pages. 

Movements away from the expected navigation path must be corrected to succt>ed in complex 

digital reading tasks. 

THE NAVIGATION BEHAVIOUR OF STUDENTS IN THE PISA ASSESSMENT 
OF DIGITAL READING 
Based on the analysis of what constitutes effective and ineffective navigation, two indices were 

computed to describe how students navigate websites when performing typical online reading 

tasks. The first index captures the quantity of navigation; the second index, the quality of navigation. 

Student-level indices used to describe navigation behaviour 
First, as a rough measure of the amount of students' overall activity, the total number of tabs 

and links visited, beyond the starting page, is examined. ll1e index of overall browsing aclivity 

varies between O and 100, with O indicating no activity and 100 indicating maximum activity.5 

Vety low scores on this index may indicate either lack of motivation, great difficulties in basic 
text-processing skills (e.g. understanding the purpose of a task) or lack of familiarity with the 

typical forms of hypertext encountered on line or with basic computer skills, such as using a 

mouse to navigate a webpage or scroll down a l ist. 

Second, an index of task-oriented browsing is formed by examining the sequence of page views 

and distinguishing between task-relevant steps, missteps, and task- irrelevant steps within the 
navigation sequence.6 ll1is index captures whether students carefully select the links they 

follow, according to the demands of each task. Students who navigate websi tes by staying on 

the task-relevant track, and who persist in doing so until they reach the solution, score the 

highest on this index. Those who navigate in an unstructured way, and are easily distracted by 
task-irrelevant content, score the lowest on th is index, followed by students with insufficient 

navigation activity. 

The typical navigation behaviour of students across countries/economies 
There is considerable variation in the navigation behaviour of students across the countries and 
economies that participated in the PISA assessment of digital reading. 

Overall browsing activity 

Figure 4.5 shows students' average rank among all students who sat the PISA lest, based on their 

amount of browsing activity. Students with the highest number of page visits score a value of 
100 on this index, while students with the lowest number of page visits score a value of 0. This 

measure is related to the willingness of students to engage in reading. their familiarity with basic 

computer skills, their ability to read fast, and their persistence in solving difficult tasks. 

By this simple measure, East Asian countries and economies (Korea, Chinese Taipei, Macao-China, 

Shanghai-China, Hong Kong-China, Singapore and Japan, in decreasing order of their mean value 
on this index) stand out for having the highest average values. 
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• F1gure45 • ,~ 

Overall browsing activity 
Average rank. of students in the international comparison 

of students taking the same test form 

Korea 
Chinesefaipei 
Mano-China 

Sha ngha i-China 
Hong Kong-China 

Singarore 
Japan 

Esl~~:~ 
UniredS1Mes 

Canada 
F,an(e 
Ireland 

Australia 
O EC D average 

Denmark 
Austria 

Belgium 
Portugal 

Kussianfederar io n 

Slovak~!j!i~ 
Norway 

SJ>ain 
Poland 

Chile 
Israel 

Slovenia 

United Arab ~~~.~~:~ 
Colombia 

Brazil 

Note: The index of overall browsing activity varies from Oto 100, wi!h O indica! ing oo Wowsing activi!y (no page visits beyond 
thes!artingpage) and IOOindicatingtheh ighes!recordedleve l ofbrowsi ng activity(page visitsJforcach!estiorm. 
Countries and e.:onomies are ranked in descending order oft he index of overa ll bmwsing activity. 
Source: O ECD, PISA 2012 Database, Table 4. t 
sea eU<>K~ l'tttp, //itx .<i>i .o,:g/l.o . n87/8a3~)J<5l°"a 

Within each country/economy, however, students' navigation behaviour varies. To characterise this 

variation in students' browsing activity, four categories of students were construe!(."(/ (Figure 4.6): 

students with no browsing activity, students with some but limited browsing activity, and students 
with intensive browsing activity. TI1e fourth middle category groups students with moderate 

browsing activity. 

At the bottom are students for whom no browsing activity at all was recorded in log files. 

Mos1 likely, these s1udents lack basic compu1er sk ills, such as opera1ing a mouse, or lack basic 

familiarity with web browsing. such as knowledge of links and tabs. In a few cases, a tL>chnical 

failure in the hardware or software used to admin ister the test may have resulted in no activity being 
recorded. On average across OECD countries, 3% of students are in this category. In Israel (9%) 

and Hungary (7%), as wel l as in partner countries Colombia (15%), the Uni1ed Arab Emirates (11%) 

and Brazil (8%), the share is much larger (Figure 4.6). 
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Classification of students based on their overall browsing activity 

Pe,terH>geofstu<lents 
wi1hoobwwsing a<1JVity 

llimltOOrompu tctsklllso,unwillingnes, 
toengagewiffi asscosmenttosks) 

.Nob,mvs ingactivity 
Olimi1e<lbrmvsingactivity 
D Moderate browsing ,1cti vit y 
. lntensivcbrowsingactivity 

Note: The forn catL'gO<iL>s in this figu re ,lre defined as fo llows. No browsing activity: student, with no navigation steps 
recorded in log files; limited browsing ac tivity: some navigation steps recorded, bu1 index of overall browsing ac1ivi1y equal 
1010orlower; ,'vlodcta tebrmvs ing acliv ity:indexofovera/lbrowsingacrivitybe1ween 10and 75; Intensive browsing 
activity:indexofoverallbrowsingac/ivi(y higherthan 75 
Couniries and economies are r,mked in descending order oi the share of m1den1s who browse intensively. 
Soum,: OECD. PISA 2012 Database. Tab le 4.2 
.Srartf,il<_.,. ht tp, //<!x.<bi .mg/10 .1787/8a893J:lSl07S 

The next group shows some, bu t only limited activi ty. Thei r level of activity places these students 

in the bottom decile among all students who were given the same digital reading questions. 
Combined with the no-activity group described above, these groups represent 10% of students, 

on average across OECD countries. In East Asian countries and economies participa1ing in PISA, 

however, fe,.ver than 4% of all students show no, or only limited, activity. One reason for these 

countries'/economies' good performance on the lest, therefore, may be their students' willingness 

to try lo ansvver questions 

At the other extreme are students with high levels of activity (those w ith the longest navigation 

sequences). For better or worse, these studen ts are persistent in their navigation behaviour. TI1ey rank 

in the top quarter of all students who sat the PISA test internationally, based on the amount of 

navigation recorded. About two in three studen ts in Hong Kong-China, Korea, Macao-China, 
Shanghai -China and Chinese Taipei belong to this category - significantly more than in any other 

country/economy participating in PISA. Students in Estonia, Italy, Japan and Singapore are also 

more frequently found in this group than studen ts across OECD countries, on average {Figure 4.6). 
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Task-oriented browsing 
Reading a lot and fast is not always desi red or efficient. It can be the sign of reading that is 

unfocused, oblivious to the specific purposes of the task . What's more, online readers who 

access non-relevant links may expose themselves or their hardware to sign ificant threats, such as 
illegal or fraudulent content, spyware, v iruses or worms. To avoid such threats, students need to 

exert self-control while reading on line. 

The second measure used to characterise students' navigation proficiency thus assesses whether 

or not students' navigation conforms to expectations, given the demands of the task. Students 

score high on thi s index if they select the links that they follow based on the purpose of each task 

("think, then click''). Students who are less selective, and only think whether the link is relevant 

after having clicked on it (if at all), score low on this index, as do students who do not persist in 
their navigation for as long as the task demands. 

Figure 4.7 shows that, on average, students in Singapore, followed by students in Australia, Korea, 
Canada, the United States and Ireland, rank the highest for the average quality of their browsing. 

• Figure 4.7 • 

Task-oriented browsing 
Average rank of student.~ in the international comparison 

of students taking the same test form 

SingaJJO~e 

A:.:i;:: 
UnitedSla!e• 

Ireland 
Hnng Kong/(alt~~= 

Japan 
B<,lg,uon 
l'orlugal 

OECD.r,erage 
Denmark 

Maca!J~~ 
Norway 

Shanghai-Ch;na 
ltaly 

Chinms ;~ 

Israel 
Slovenia 

~~\~ 
SlovakRepublir. 

Un~:::t:~~f~!~ 
Brazil 

Colombia 

30 so 60 
Note: The index of li1sk-oriented browsing varies from Oto 100. High values on this index reflect long navigation sequences 
tha1conta inahighnumb<:,rof!ask-rclevan1s1cpsandfcwornomis5tcpsorta5k-ittelcvant5tcps 
Counlries and economies are ranked in descending order of the index of ta5k-oriented Urowsing activity. 
Source: OECD, PISA 1012 Da1aUasc, Table 4.1. 
S~a~Li<lk~ http,//~.ooi.org/10.1?87/8889Jl2Sl08:l 
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~ Students 111 these countries tend to be the most select ive 111 their onlme nav1gat1011 behaviour 

carefully selecting links to follow before dicking on them, and following relevan t links for as long 

as is needed to solve the task. 

There are large differences in the rankings of countries, depending on whether the quality of 

students' browsing (Figure 4.7) or the quantity of students' browsing (Figure 4. 5) is cons idered. 
While students in Macao-China, Shanghai-China and Chinese Taipei have among the highest 

levels of activity, they rank much lower in terms of the qual ity of their browsing activity. 

Indeed, some students know how to browse and are willing to engage with a task, but are 
"digitally adrift", in that they do not navigate as if they were guided by a clear d irection. Figure 4.8 

shows that more than one in five students in Macao-China, Shanghai·China and Chinese Taipei 

belong to the group of students with mostly unfocused browsing activity. ln contrast, in Australia, 
Canada, France, Ireland, Poland, Singapore, Sweden and the United Stales, less than 10% of all 

students belong to th is group 

• Fi gure 4.8 • 

Classification of students based on the quality of their browsing activity 

Sing~:i; 

Hong Kon1t~~1'iJ: 1: 
Canada 8 

UnitedS1ales 10 
Ireland<} 

Japan 16 
Maoo-China 23 

Sha nghai f<;.h~~: ~~ 
Chinese l aip,,; 23 
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s~!'~ 1~ 

~~1~t: n 
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A~;t~~ 1~ 
Oenmar~ 11 
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Slochi:: ]~ 
Spain 13 

SlovakRepuhlic 16 
Hungary 13 

Un~t~Ji~~J~:@~~ l! 

• Mostly unfocused b,owsing activily 
ONobrmvsingac1iv ity 
D lnsufficicntormix<)(Jbrowsing,1Ctivily 
• High lyfocusedbrowsingactivi ty 

~~"}:;:v[~;;;'~;~;;:;:~~'.!.~!t',~~~~~f~:~ ~~ ~~i1i1i~~ ~:=~ ~;~~'~1: ~:~tti;~i~;s;~~~;~;·~~v'.t~ 

:k~;;;~r::~i;:; :1~{: ;;~~~~ ;~~~~~; ~~~!~,:1~i;1 ~;e:i :;~::!~~~n~:~~,J;: C:tr:st~r;;i~;::;'1,':,:,i~;~~tu~ 
to 75 or lower. Highly focused browsi ng act ivily: index of wk-oriented browsing higher th~ n 75. 
C01m1ries and economies are ranked jn descendjng order of the sh,,re of swden/5 wirh highly focused blowsing activiry 
Sourw: OECD, PISA 1012 Database, TaUI~ 4.3 
Sta tLi<>l<~ htq,,//dx.ooi.org/10.17B7/BBB9Jl25J097 
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At the same time the group of students whose nav1gat1on behaviour best conforms to task ,~ 

demands - those who rank in the top quarter for the quality of their browsing among all students 

who sat the PISA digital reading test- is largest in Singapore (48%), Korea (38%), Hong Kong-China 
(37%), Australia (35%), Canada (33%) and the United States (33%) (Figure 4.8 and Table 4.3). 

The difference between rankings based on quantity and rankings based on quality may be related 
to the behaviour of students who make missteps when navigating a website. Box 4.2 explores 

cross-country differences in how students react to such missteps 

ln sum, students in Australia, Canada, Korea, Singapore and the United States have, on average, 

the most task-driven, and thus better, navigation sequences. Students in East Asian countries and 
economies lend to have long navigation sequences. More often than in other countries, however, 

these sequences occasionally deviate from the expected path. A possible reason for this is that 

in these countries and economies, even the students who are most likely to make mistakes are 

willing to tiy. In the confined space of a simulated web environment, this behaviour occasionally 
leads them to the right cues to solve PISA tasks. It may have more negative consequences if 

applied to the unconfined World W ide Web. 

Box 4.2. How students react when they deviate 
from the expected navigation path 

A third measure used to describe students' typical browsing activity focuses on students' 

missteps. Leaving students with no or only limited browsing activity aside, it groups students 

into three classes: those who never deviate from the task-relevant path (no missteps); 
those who occasionally deviate and visit task-irrelevant pages, but always correct such 

mistakes by returning to the expected path (in which case, the number of corrections is 

equal to the number of missteps); and those who make missteps and do not always correct 
them {e.g. because they do not realise their misstep or do not know how lo return on 

the task-relevan1 path). Figure 4.a presents the share of students in each category across 

countries and economies participating in the digital reading assessment. 

It is relatively common for s1udents to have missteps in their navigation sequences. On 

average across OECD countries, only 7% of students never deviate from the task-relevant 

navigation path (this excludes students with no or limited navigation). ln those countries 
and economies where students have the longest navigation sequences, on average, less 

than 5°/,, of students do not make any mistakes when navigating on line. This includes 

all East Asian countries and economies (Hong Kong-China, Japan, Korea, Macao-China, 

Shanghai-China, Singapore and Chinese Taipei) as well as Estonia and Italy. What 
students do after committing a misstep, however, differs widely across countries. 

In Italy, Korea, Macao-China, Shanghai-China and Chinese Taipei, more than three out of 

five students visit task-irrelevant pages, and do not correct such missteps by returning to 
the task-relevant path. Furthermore, because students in these countries/economies who 
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commit a misstep often do not give up on solving the task they tend to have long nav1gat1on 
sequences (see Figure 4 .5 in this chapter). ln contrast, in Australia, Canada, Ireland and the 

United States (all countries with a high average quality of navigation; see Figure 4.7 in this 

chapter), there are both more students with clean navigation sequences than on average 

across OECD countries, and more students who return to the navigation path that is relevant 
to solve the task after making a misstep. 

• Figure 4.a • 
Classification of students based on their reaction 

to navigation missteps 

D No miss!eps (devia,;ons from the task-relevant path) 

. Allmisst~corrected 
0 Some non -<:OO<..><:ted miSSk'f'S 
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Hong Koog-China 40 
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Japan 35 
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Countries and economies are ranked in descending order of the share of swdents who either make no missteps or 
correctallmissreps. 
Sou,ce: O ECD, P1 SA 20 12 Da tabase, Table 4.4 
St.atLir>l<~ http a//dx .dai.org/l0.1787/89l!9JJ2!-.:ll01 
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THE RELATIONSHIP BEPNEEN PER~~::~~~~~~.~~,~~~~~~-~~~~'~:"'"' "'" a«ri 
AND STUDENTS' NAVIGATION BEHAVIOUR 

Students' performance in digita l reading is not perfectly aligned with their performance in print 

reading. This is true at aggregate levels too. In some countries/economies, average performance 

lies above or below the level that could be expected, given their students' performance in print 
reading. Are such differences related to students' navigation behaviour? 

Figure 4.9 shows that students' average navigation behaviour - quantified by the indices of 

overall navigation activity and task-oriented nav igation activity-explains a significant part of the 
differences in digital reading periormance between countries/economies that is not accounted 
for by differences in print-reading performance. Of the 20% of unexplained variation, only 

about one-fourth (5%) is not associated with betwt..>en-country differences in students' average 

navigation behaviour. 

More precisely, after controlling for differences in print reading, 1he quantity of navigation {as 

measured through the index of overall browsing activity) accounts for about one-fifth of the 
remaining between-country differences in digita l reading performance (or 4.4% of the overall 

variation in reading performance). The quali ty of students' navigation (as measured through the 

index of task-oriented browsing) explains more than half of the residual variation (an additional 
10.4% of the overall variation). 

• Figure 4.9 • 

Explained variation in the digital reading performance 
of countries and economies 

Ri,sidua l variationi,xplainL>d 
bythi,quantityofnavigationsti,ps 

(ovi, rallbrowsir,gactivity) 4.4% 
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Notes: Perceri1ages may not to1al 1 00% due to rou ndi ng 

Variationindigita l ri,ading 
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The figure is based on results from regressions of coun1ries' and economies' =an perforrn1nce in digital reading on =an 
pt.'1100Tianceinprin1rcadingandaverageva luesforthetwoindicesol navigation 
Source: OECD, PISA 2012 Oatabas,:,, Table 4.6b. 

http, //<i>r..00i.org/10.1187/8889ll2Sl119 
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~ Figure 4 10 ill ustrates how the assoc1at10 11 between d1g1tal read mg performance and nav1ga t1on 
works in pract ice. The charts in the top row show that students' average navigation behaviour is 

strongly rela ted to mean performance in d igital readi ng. However, much of students' nav igation 
behaviour can be pred icted by whet her they are good readers - i.e. by their performance in pri nt 

reading. This is because, to a large extent. good navigati on relies on the same cognitive ski ll s and 

motivational aspects that are pre req uisites for success in the paper-based assessment of reading 
as well. 

• Figure 4 .10 • 
Relationship between digital reading performance and navigation behaviour 

in digital reading 
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St:a!;l.f,ikllli:l'J http: //<i>r..<bi.org/10 . l"/87/8889'.IJ:lSll:ll 
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Does good nav1gat1on require more than good readmg7 And 1f so can good nav1gat1on explain ,~ 
differences in performance across countries, after accounting for reading performance? 

The bottom row in Figure 4.10 shows that there is a strong association between digital reading 

and the quality of navigation (task-oriented browsing), even after accounting for performance in 

print reading. Performance is often better in digita l reading than would be expected, based on 
print-reading performance, in countries/economies where students' navigation is of bet\er-than­

average quality, namely in Australia, Canada, France, Hong Kong-China, Ireland, Japan, Korea, 

Singapore and the United States. 

A similar relationship exists within countries, among students (Table 4.6a). Across all countries/ 
economies, the variation in digital reading performance observed among students, within 

countries, who perform at the same level in prin1 reading can be largely accounted for by 

differences in their navigation behaviour. An estimated 9% of the total variation in digital reading 

performance, on average, is uniquely explained by students' navigation behaviour.7 

lf navigation skills are so critically important, how can they be developed? Statistical analyses 

show that students' reading skills in print documents strongly predict their navigation behaviour 
in a digital environment (Tables 4.6b and 4.7a). This indicates that the development of print­

reading skills is likely to contribute to better navigation skills as well. Indeed, the quantity of 
navigation may be linked to reading engagement, in general, while the quality of navigation 

depends on the kinds of skills, such as drawing inferences, that can be practiced just as well in 

print as in electronic texts. 

Problem-solving skills are also important. Among student with similar reading skills, those with 

higher scores in the PISA assessment of problem solving tend to be more persistent in their 
navigation (as indicated by higher values on the index of overall browsing activity). Often, these 

students navigate better too (as indicated by higher values on the index of task-oriented browsing 

activity). This suggests that to navigate on line, students use generic problem-solving skills and 

dispositions, such as the ability to think, autonomously, about unfamiliar problems and how to 
solve them, and their willingness to engage with such situations in the first place (OECD, 2014). 

Good navigation therefore requires good problem-solving skills. But even among students of 

similar skill in both reading and problem solving, differences in navigation remain strongly 

associated with differences in digital reading proficiency. ln fact, the skills measured in the PISA 
assessment of problem solving only marginally reduce the strength of the relationship between 

the navigation indices and performance in digital reading (Table 4.8). for the most part, the 

problem-solving skills that students demonstrate when navigating complex online texts are 

specific, and are likely best learned in the context of reading from the Internet. 
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~ Notes 

1. Thecodingof pages and navigation steps in sample task SERA/NC, p resented in Chapter 7, i llustrates how 

even w i th in the same unit {i.e. the same website), the relevant pages may vary depending on the purpose of 
eacht<Jsk 

2. Items from un it SERA/NC can be seen, and tested, on the website of the Aust ralian Council for Education,11 

Rese;irch /http·/kb1m JCcr1:d11 auliodex php'cm&,,tofra"OJ ·,1 

3. Tasks with minim;i l n;Jvig;it ion dem;inds ;ire defined as those where the iJVerage of exper1s' r,11 ings of 
navigation demands (see Figu re 4.1 ) is not greater than 1.5, on a 1 to 4 scale. 

4. In t,1sks where l ittle llilvigiltion is required, m;rny of these Nnon-corrccted misstepsN are observed af1er 
students have found the information they need (which is sometimes presented on the starti ng page itself). 

5. The number of steps (clicks on tabs or links leading to a different page) that are conta ined in the navigation 
sequence for each task is summed across tasks. To c onvert this number into an index of overJ/1 browsing 
activity, ,1 percentile score reflecting the r;mk of the student among all students w ho were administered 
the same digita l reading que,1ions i> computed. The unweighted, pooled distribution of st udents from all 

participating countries is used. 

6. To compute this index, the number of steps tha t start and end on re levant pages is computed first 
{task-relevant steps), then the number o( steps that end on a non-relevant page (missteps and task- irrelev,1nt 

steps) is subtracted from this sum. The result is then transformed in to a percentile score reflect ing the rank of 
the student among all students who were administert..-d the same digital read ing questions, in o rder to make 

fair comparisons between students who were given d i fferent questions. 

7. Because navigation indices were not used in the conditioning model for generating plausible va lues 
of digi!al read ing perform;rnce. the perccnt,1ge of variation explai ned by navigation indices mJ.y be 
underestimated. 

Chapter 4tablesareavailableonline at bttr·/kfxdoiorcl ]0]787/8l}89}3JZZ8!}f,. 

Noteregardinglsrad 

Thestatisticaldataf0<lsraelaresuppliedby.:mdundertheresponsibilityoftherelevantls,ael i a1,thorities.Theuse 
of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israel i settlements 
in the West Bank under the terms oi intematiooal law. 
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l11equc1lities in Digitc1I Pi-ofkiency: 
Bl'idging the Divide 

Digital inequality refers to differences in the material, cultural and cognit ive 
resources required to make good use of information and communication 
technology (ICT). This chapter examines differences in access to and use of 
ICT that are related to stu dents' socio-economic status, gender, geographic 
location, and the school a child attends. It also investigates whether 
performance on compu ter-based tests is re lated to students' socio-economic 
status and their familiarity with computers 
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D1sparit1es 111 access to and prof1c1ency m mformatton and commurncat1on technology (ICT), 

particularly between socio-economically advantaged and disadvantaged children, and between 

rural and urban residents, have long been a focus of public policy. The expression udigital divide" 

was coined to underline the fact that such dispar itks may threaten socia l and national cohesion, 

as they impede fu ll participation in work and reduce political efficacy for population groups 
that are left behind on the analogue side of the divide (OECD, 2001 ). Indeed, given the many 

opportunities that technology makes avai lable for civic participation, networking or improving 
one's productivity at work, the unequal distribution of material, cultura l and cognitive resources 

to tap into these opportunities may perpetuate and even exacerbate existi ng status differences. 

What the data tell us 

• In most countries, differences in computer access between advantaged and disadvantaged 

students shrank between 2009 and 2012; in no country did the gap increase. 

• In countries/economies where !he socio-economic gap in access to the Internet is small, 

the amount of time that students spend on line does not differ widely across socio­

economic groups; but what students do with computers, from using e-mail to reading 

news on the Internet, is related to students' socio-economic background. 

• In mathematics, the relationship between socio-economic status and performance on 

the computer-based assessment reflects differences observed in performance on the 

paper-based assessment, not differences in the ability to use computers; in digital 

reading, this relationship also reflects differences in navigation and evaluation skills 

across socio-economic groups. 

ONE DIVIDE OR MANY DIVIDES? DIGITAL ACCESS, DIGITAL USE 
AND DIGITAL PRODUCTION 

Digital inequality refers to differences in the material, cultural and cognitive resources required 

to make good use of JCT. Traditionally, research on digital inequality has focused on differences 

in physical access to and possession of ICT tools, while emphasising that access is only one 

of the many fac tors requ ired to make good use of technology. The grea ter atten tion given to 

material resources is certai nly rela1ed to the relative abundance of data measuring these factors, 

as compared to data on differences in cultural and cognitive resources, such as the norms of use 

of ICT in the community or individuals' digital knowledge and skil ls (H argittai and Hsieh, 2013). 

A first, core "d igital divide'' thus concerns issues of physical access: are compu ters access ible, 

available and up-to-date? Is there an Internet connection that allows access to the most recently 

developed con tent? Comparisons of PISA data from different years confirm an observation already 

made about the United States in the early 2000s (Compaine, 2001): wi th time, information and 

communicat ion technologies that were once exclusively available to the most wealthy fraction of 

the population, tend to become universally available. As a consequence, many gaps in access close. 

Yet while older technologies become avai lable to more and more people, new digital technologies, 

tools and services are almost invariably markeled only to 1he most wealthy, thus reinforcing, .it least 

initia lly, the privi lege of more advantaged populations (Hargi ttai and Hsieh, 2013) . 
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Equal access, however does not imply equal opporturnt1es (equity) Indeed even when 

opportunities lo !earn about the world, practice new skill s, participate in online communities or 

develop a career plan are only a few clicks away, students from socio-econom ica lly disadvantaged 

backgrounds may not be aware of how 1cchnolo1:,'Y can help to raise one's social status. They 

may not have the knowledge and ski lls required to engage with massively open onl ine courses 

(MOOCs), e-government websites, open educalional resources, etc. 

To refer to the non-material resources that co ndition students' ability to ta ke full advan tage 

of ICT tools, lhe terms "second" or "second -order" digital divide have been used (Attewell, 

2001; Dimaggio et al. , 2004). More recently, "profic iency" and "opportunity" gaps have been 

distinguished, referring to d ifferences in what p<.,.>ople can do, and what they act ually do, when 

using computers and other digital tools (Stern et al., 2009). PISA data are a unique source of 

evidence lo determine the width of such divides, and lo analyse how effective education systems 

and schools are in narrowing them. 

ACCESS AND EXPERIENCE GAPS RELATED TO SOCIO-ECONOMIC STATUS 

By 2012, in most countries and economies that participate in PISA, socio-economic d ifferences 

were no longer associated with large divides in access lo computers {the so-called "first d igital 

divide"). However, gaps previously observed in the quantity, variety and qua lity of ICT tools 

available, as well as in the mastery of them, pers isted 

Socio-economic differences in access to computers and the Internet 

ln a majority o f cou ntries and economies part i cipating in PISA, over 90% of students - even 

among the most disadvantaged students - have at least one computer at home. Some middle­

and low-income coun tries and economies, nevertheless, sti ll show large differences in basic 

measures of access between disadvantaged and advantaged students. In fact, the digita l divide 

between advantaged and disadvantaged studen ts within countries is sometimes larger than the 

divide observed between PISA-participating countries and economies (Figure 5 .1 ). 

Figure 5. 1 shows the relationship between students' socio-economic background and the 

avai lability of a computer at home. Students in the top quarter of the PISA index oi economic, 

social and cultural status (ESCS) in their country were categorised as being relatively advantaged, 

and those in the bottom quarter were categorised as being relatively disadvantaged. 

Figure 5.1 shows that in all but three countries and economies (Indonesia, Peru and Viet Nam), 

at least 90% of advantaged studen ts have access to computers. But while in some countries 

and economies - namely Denmark, Finland, Hong Kong-China, the Netherlands, Slovenia and 

Sweden - more than 99% of disadvantaged students have access to a computer at home, in 

12 other countries fewer th an ha lf of Lhe disadvantaged studen ts do. In other words, across 

countries and economies, access to ICT is more simi lar among students from w el l-off fami lies 

than among students from poorer families. Meanwhile, in almost all countries and economies, 

fewer disadvantaged students than advantaged students have access to a computer at home. 

A gap of at least 75 percentage points between the two groups is observed in Mexico, Peru, 

Tunisia and Viet Nam. 
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• Ftgure S 1 • 
Access to computers at home and students' socio-economic status 

,o 50 70 80 90 
1. The difference between the top and the bottom qua rter ai ESCS is nul statisti cally significant. 
Countnes and economies are ranked in deSO!t'lding Ofdcr ofihe percentage of students in the botlum quartero( ESCS who /1ave 
a compulff at home 
S01.1rce: OECD, PISA 20 12 Database, Table 5. la 
Sta tLi<>l<~ htq,,//dx.ooi.org/10.17B7/BBB9Jl25JlJ4 
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• Figure 5 2 • 
Access to the Internet at home and students' socio-economic status 

1.Thedifierencebetween 1hetopandthebottornquarterof ESCSisr.orstatistiv1llys igniftca nt 
Countries and economies are ranked in descending order o( rhe percenUJ.ge of mxlen15 in !lie bouom quarter of ESCS who have 
aconnectiontothelnternetat~. 
Source: OECD, PISA 2012 Database, Table 5. ta. 
Sta tLi<>l<~ htq,, //d>:.ooi.org/10.1787/BBB9Jl25Jl49 
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In most countries differences in computer access between advantaged and disadvantaged 

students shrank betwL>ell 2009 and 2012 (Figure 5.3 and Table 5.1 c); in no coun try did the gap 

increase. By 2012, in all countries there were at least as many students in the bottom quarter 
of socio-economic sta tus as in the top quarter who gained access to computers at home. The 

narrowing of this core d igital divide within most countries means that equity in access to ICT has 

improved over this thrL,e-year period. 

Despite the narrowing of this gap, the number of computers availab le at home differs depending 

on the household's socio-economic status. In Hungary and Poland, for instance, five out of six 
advantaged students (84%) have two or more computers at home, compa red to only one out of 

four disadvantaged students. On average across OECD countries, 88% of advantaged students 

have two or more computers at home, compared to 55% of disadvantaged students {Figure 5.3 

and Table 5. l a) . 

The number of locations where people can go on line, and the possibility of accessing online 

services "on the go" by using handheld devices, continue to be shaped by socio-econom ic status. 

ln addition, differences in the quantity of ICT resources ava ilable arc probably compounded by 

differences in their quality, which is not measured in PISA . It is likely that households with two or 

more computers possess al least one newer model, whereas households with a single computer 

may have an older or less powerful model. 

• Figure 5.3 • 

Change between 2009 and 2012 in access to computers and the Internet at home, 
by socio-economic status 

OECD average 

JO 

Source: OECD, PISA 2012 Da1abase, Tables 5. ta and 5.l b. 
St:a!;l.f,,kllli:l't http, //<b<.<bi.org/10.1"/87/8889'.IJ:lSllSl 
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That differences in the quantity of compu ters go hand m hand with differences 111 the ICT 

services available to students is confirmed by an analysis of unequal access lo the Internet. As 

shown in Figure 5.2, in almost all countries and economies, disadvantaged students reported 
less Internet access than advantaged students. In countries with relatively liHle Internet access 

overall, only the more advantaged students tended to have a connection to the lnternet at home. 

ln 40 countries and economies, at least 99% of students in the top quarter of socio-economic 

status have access to the Internet at home. By contrast, in 15 countries and economies, fewer 

than one in two students in the bottom quarter of socio-economic status has access to the 

Internet at home. 

Stil l, on average the gap in Internet access between advantaged and disadvantaged students 

shrank between 2009 and 2012 (Figure 5.3). IL widened only in Indonesia, Kazakhstan, 

Mexico, Peru and Tunisia, where advantaged students were the main beneficiaries of greater 

access to the Internet between 2009 and 2012. In all of these countries, fewer than 80% 

of advantaged students had access to the Internet in 2009 (Tables 5.1a, band c). These 

exceptions may thus be the result of different stages in the typical pattern of diffusion of 

innovation {Rogers, 201 O). 

Socio-economic and gender differences in early exposure to computers 
In 2012, very few students, even among the most disadvantaged, had no experience using 

computers. But since in many countries/economies the gap in access had closed only recently, 

disadvantaged students may have less experience using computers than their more advantaged 

peers do. 

On average across OECD countries, only 23% of disadvantaged students had started using 

computers at the age of 6 or before, as compared to 43% of advantaged students. A similar 

(and sometimes larger) difference betwt>en the two socio-economic groups can be found in all 

countries that participated in the optional JCT questionnaire. Only in Denmark did more than 

one in two students from the lowest quarter of socio-economic status start using computers at 

pre-school age (Figure 5.4). 

Similarly, some experience with the Internet is common even among the most disadvantaged 

students. On average across OECD countrit>s, in 2012 only 1.3% of disadvantaged students had 

no experience at al l using the Internet (Table 5.2). 

Nonetheless, some countries have large socio-economic divides in basic use of and experience 

with computers. In Mexico, the OECO country with the largest inequa l ities in access to 

computers, 15% of disadvantaged students had no experience accessing the Internet; of these, a 

majority (9% of all disadvantaged students) had no experience at all using computers. Only 3% 

of disadvantagt->d students in Mexico reported that they fi rst used a computer at age 6 or below 

(and thus potential ly had more than 10 years of experience using computers), compared with 

32% of advantaged students (Table 5.2). And socio-economic gaps may be even larger, given that 

many of the most disadvantaged 1 5-year-olds in Mexico are not in school anymore. 



l!J,,.,,.,.,""' " """" ~ • Hma '"""""'~ OM~ .. 
"" 

• Figure 5 4 • 
Early exposure to computers, by students' socio-economic status 

Percentage of students who first used a computer when they were 6 years or younger 

Note: Diffcn~ces t,etw,~'fl th,i lop ,1nd the ho11om quarl<.>r of ESCS a rc st.1 ti5tically 1ign ifican! in all countri<.as and <!CCY101Ti i<~ 
Counllie, and f!COnDmiP.S are r,mkcd in desCf!nding order of the per<:entage of st,ukt,t, in the bottom quarter of fSCS who first 
uscdacomputP.rwl,enthey,=6yearsoryounger 
Source: OECD, PISA 2012 Database, Table 5.2 
seaeLim<lll:;.:m hto:p,//dx .ru! .org/)O . l•S?/5889)3253108 

Early exposure to computers and the lnterne1 also differs markedly between boys and girls 
(Figure 5.5). Boys are significantly more likely than girls to have started using computers early 

in a ll but four countries/economies; and in those countries/economies, namely Costa Rica, 
Hong Kong-China, Japan and New Zealand, the difference is not signifi cant. 

The existence of gender gaps in computer experience highlights the importance of non-material 
barriers in shaping opportunities for dig ital learning. \\ is not enough to remove material 

constraints to ensure that on line experiences and skills are equally di stributed. Intangible factors, 

such as cultural norms, count too. 
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• Figure 5 5 • 

Early exposure to computers, by gender 
Percentage of students who first used a computer when they were 6 years or younger 

1. Thcdiffc rence l>ctweenboys and girlsis notstati st;ca ll ys ignifi cant 
CounlfiC5 and e.:onomi/!5 ate ranked in descending otder of the perceriuge of girls w/lO (,rst used a computer when they were 
6yearsoryounger. 
Sou rce: O ECO, PISA 2012 Dat<1ba se, Tab le 5 .2 
S~a.~Li<ll<_...,. http, //d>t .ooi .o,:g/10 . l78;/8839ll2S117J 

Indeed, given that boys and girls come from all kinds of backgrounds and attend all kinds of 
schools (at least in countries where participation in schooling at age 15 is universal ), differences 
in their self-reported experience with computers do not reflect material constraints, but rather 
students' interests and families' and educators' notions about what is suitable for them (see also 

OECD, 201 5). Parents, for instance, may place more restrictions on girls' use of the Internet out 

of safety concerns. 

Gender differences also i llustrate the potentially long-lasting consequences of such intangible 

factors. In restricting girls' access to the Internet more than they do for boys, for instance, 

parents may undermine girls' feelings of competence. Data from the International Computer and 
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Information Literacy Study (ICILS) show that 1n almost all part1c1pat1ng countries, girls in the e ighth 

grade feel less confident than boys in their abi lity to do advanced ICT tasks, such as building a 
webpage (Frail lon et al., 2014, Table 5.1 7). Such feelings of incompetence (low self-efficacy) may, 

in turn, help to explain why, later in life, there are about five times more men than women among 

those who study computing ;it the tertiary level (OECO, 2014), or even among !hose who actively 

contribute to Wikipedia (Hargittai and Shaw, 201 5; Hill and Shaw, 2013). 

Rural/urban gaps in Internet access 
Because PISA contains information about the locat ion of the school attended by students, rather 

than the location of the students' home, it can provide only an imprecise picture of rural/urban 

gaps in access to and use of ICT. Still, PISA data show that in several lower- and middle-income 

countries, students who attend rural schools have significant ly less access to JCT resources at home, 

particularly when it comes to Internet connections (Tables 5.7a and 5.8). TI1is may be partly the 

result of poorer fixed and mobile, narrow and broadband infrastructure. The gap in infrastructure 

is not directly related to s1 udents' socio-economic status, but may contribu1e 10 socio-economic 

divides, particularly in countries where poverty is more concentrated in rural , isolated areas. 

Data collecK.'(/ from school principals confirm that in several countries, there is a rural/urban divide 

in conn1.>etivity (the possibility of using services offered on line). In Colombi a, Indonesia, Mexico 

and Peru, in part icu lar, rural schools oflen have as many computers as urban schools, in proportion 

to the size of their student population. Yet more than one in four students who attend rural schools 

or schools located in sma ll towns do not have any computer con nected lo the Internet in their 

school. By contrast, fewer than one in ten students who al\end urban schools do not have access to 

a computer connected to the Internet at school. ln rural schools in these countries, when there are 

school computers, fewer than half of them are connected to the Internet, on average (Table 5.9a). 

A comparison with PISA 2009 identifies countries that made progress in closing rural/urban gaps. 

ln Albania, Indonesia and Uruguay, a large share of schools located in rural areas gained access 

to an Internet connection for their school computers betw1.>en 2009 and 2012, possibly as a result 

of polici es 10 support 1he economi c development of rural areas. As a result, the share of students 

in rural schools where no computer is connected to the Internet declined rapidly (Table 5.9c). 

The role of schools as providers of access to computers and the lntemet 
In countries where home access to computers and the ln1ernet is strongly related lo socio­

economic status, schools often play an important role in ensuring that all students have access to 

JCT resources. ln fact, particularly in countr ies w i th high levels of income inequality, giving access 

to ICT resources to all is among the main objectives of JCT policies in education. 

ln most countr ies, JCT resources tend to be as good in those schools that serve predominantly 

disadvantaged students as in more advantag1.->d schools. 1 However, in Costa Rica, Indonesia and 

Mexico, schools with a d isadvantaged student population on average have fower ICT resources 

than advan1aged schools. A significa nt share of these disadvantag1.->d schools have no ICT resources 

at all , higher student/computer ratios, and lower shares of school computers connected to the 

Internet. In the remaining countries, when there is a d ifference in the level of ICT resources at 

school, it is often in favour of disadvantaged schools. In Japan, Korea, Portugal and Tunisia, for 

instance. there are about half or less than half as many students per computer in disadvantaged 

schools, compared to advantaged schools (Figure 5.6 and Table 5.5a). 
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• Ftgure 5 6 • 
Student-computer ratio at school, by socio-economic profile of the school 

I • Socio-economically <) Socio~nomically I Socio-ecooomically I 
advantagOOschools average schools disadvantaged schools 

,o 30 9() J()()S.uden1$f""Comp,ne< 

l.Thedifferencebetwee<1 saxio-economical lyadvant,1gedanddi!>.1dv;mtagedschoolsisnot st,1 ti sticallys ignificant. 

~~1;s~~~0,~iti ~,'i 1~;10°:,~~~~~~;1r~;<~~~~t:i=~1°~.~~~rs;..~~~~11~;J~;~~~1~.t1."rt·';;~::,1,~ ~~~:; 
~·t~~~~-sorc~;;:s·~'.iii~t,;r~~~~~\~~~~t~'.'1~~h~i:.':~hi: ~1

~~;~;/;~ ~i:~~~~i:!~;u~~t~~:~~~ 
r~=:i~::i'~n~t::s":;;':~k:d1rn~~~:rn;t::; ~7J::~~~r:t'J.1~~~i,urer raliv in schools wilh an average socio 
economic profile. 
S011rce: O[CD, PISA 2012 Database, fab le S.5a. 
S~a~Li<lk~ http,//d,c<b1.org/10.1787/88893J25Jl86 
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Many disadvantaged students ca n access computers and the Inte rnet on ly at school ln Costa 
Rica, Mexico a nd Turkey, in pa rticula r, more than a th ird of the most disadvantaged students 
(those in the bottom quartile of soc io-economic sta1us} have access to computers at school, but 
not at home. Similarly, among the most disadva ntaged students, 50°/o of students in Turkey, 45% 
in Mexico, 40% in Jordan and 38% in Chile and Costa Rica only have access to the Internet 
thanks to their school (Figure 5.7 and Table 5 .4a). 

• FigureS.7 • 

Percentage of students with access to the Internet at school, 
but not at home 

OAll swdents 
+ Socio-economically disadvantaged students 
lll> Socio.economical lyadvan tagedshKfonls 

l.Thedifferencebelweensocio-economicallyadvanlagedanddis.1dvantageds!Udentsis noista1is!icallysignificant 
Note: Socio-economically dis.1dvantaged/advamaged srudents 1efers to sllldents in 1he bott om/top qua rter of the PISA index 
of economic, soci.1/ ,111d c ultural swus 
Countries and economies are ranked in descending order of the percentage of :,I/ students who reported having access !O an 
lnternetconnectionat school, butno!athome. 
So urce: OECD. PISA 1012 Database, Table 5.4a. 
St:a!;l.ft1k~http,//~.oo!.org/10.1787/8889Jl2Sl199 
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Still, with the rapid expansion of home JCT resources observed 111 many countries the role of 

schools in creating equitable access is no longer as important as in 2009. In that year, more than 

half of the most disadvantaged students in Chile, Jordan, the Russian Federation, Turkey and 
Uruguay had access to the lnlernet at school, but not al home (Table 5.4b). 

DIFFERENCES IN COMPUTER USE RELATED TO SOCIO-ECONOMIC STATUS 

This section explores differences in students' use of computers across socio-economic groups. 

As the d ivides in access to d igital media and resources are closing rapidly-at least in high·income 

countries- r<.>search has started focusing on other aspects of digital inequality (see e.g. Atte<.vell, 
2001; Natriello, 2001; Dimaggio et al., 2004; Van Dijk 2005). As Gui (2007) notes, what people 

do with media is more importan1 than the technologies and connectivity available to them - and 

also more resistant to change. Indeed, when all barriers that prevent access to new media have 

been removed, how people use new media sti ll depends on individuals' level of skill, including 

basic literacy skills, and social support, which vary across socio-economic groups. 

Computer use a t home 
Computer use by students can be first characterised by the amount of time that students 
spend on line. PISA data show that, on average across OECD countries, the amount of time 

that students spend on line during wL>ckends does not differ across socio-economic groups. 

Interestingly, a reverse gap - whereby students from poorer families spend more time on 
line than students from wealthier families - is observed in 16 out of 29 OECD countries. 

Disadvantaged s1uden!s spend at least 15 more minutes per day on line during weekends, 

compared to advantaged students, in Belgium, Germany, Korea, Shanghai-China, Switzerland 

and Chinese Taipei (Table 5.12). 

Similarly, when the frequency and variety of computer use for leisure, outside of school, are 

summarised in an index, differences are mostly limited lo countries with large gaps in access. 
ln Costa Rica, Jordan and Mexico, the most advantaged students (those from the top quarter of 

socio-economic status) use computers for leisure more than the OECD average, while students 

from the bottom quarter are more than one standard deviation below this benchmark. At the 

same time, in Belgium, Finland, Germany, Sweden, Switzerland and Chinese Taipei, there are 
no significant differences across socio-economic groups in the average va lue of the index of 

/CT use outside of school for leisure (Table 5.10). 

Yet the specific activities for which students use computers in their free time differ across socio­
economic groups. In genera l, disadvantaged students tend lo prefer chat over e-mail, and to 

play video games rather 1han read the news or obtain practical informat ion from the ln1ernet 

(Figure 5.8). 

While across OECD countries, a similar proportion of advantaged students (70%) uses e-mail or 

chats on line at least once a week, on average, the share of disadvantaged students who chat on 

line (65%) is significantly larger than share of those who use e-mail (56%). And while in most 
countries/economies there are no differences related to socio-economic status in the use of 

video games, the influence of socio-economic status is strong when it comes 10 reading news or 

obtaining practical information from the Internet (Figure 5.8). 



l!J,,.,,.,.,""'" """" ~•Hma '"""""'~ OM~ .. 
"" 

• Ftgure 5 8 • 
Common computer leisure activities outside of school, 

by students' socio-economic status 
DECO average values and values for selected countries 

0 Disadvanta!,oedstuden ts Advant,igedstuden ts 

m:!DI Chaton!ir>e 
Eri!III US<!c·mail 
ODIi Obtain practical information from the Internet 
enB Read news on the Internet 
IB.'!:m[I Playonc·playcrgamcs 
rDJlD Play collaborative onlinc game~ 

~t~~~~c:1f:~·:~~~;!v~J'~a~~~:t~J~~ ~f~~~~~ns~~!n~! \~et~~~~::~ti:~:,~~/ ~i~~::tckx o( 
economic, soci,1/ and cu/WrJI swws 
Source, OECD, PISA 2012 0,1tab,1se, T;,hlc 5.11 
StatLi<>l<~ htq,,//dx.ooi.org/10.17B7/BBB9Jl25J201 
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Differences 111 ICT use according to socio econ omic groups among 15 year olds are related to 

simi lar differences found in the adult population . An early survey of Swiss adults, for instance, 

found that more educated people use the Internet more for finding information, whereas less 

educated adults seem to be particularly interested in the entertainment aspects of the Internet 

(Bonfadelli, 2002). More recently, a swvey in the Netherlands found that low-educated Internet 
users spent more time on line in their spare time, but those with higher soc ial status used the 

Internet in more beneficia l ways. W hi le more 1.-'Ciucated people looked for information and personal 

development opportunities, k:.sseducated people spent more time gaming or chatting (Van Deursen 

and Van Dijk, 2014). The similarity of findings across age groups suggests that soc io-economic 
differences in the use of the Internet and the ability to benefi t from its many resources- the so-ca lled 

second--order digital divide - are closely linked wi th wider social inequal ities. 

Computer use ot school 
When it comes to using ICT at school, differences re lated to students' socio·L-'Conomic status are 

often sma ller than those observed when considering ICT use outside of school. In 11 coun tries 
and economies, socio-economi ca lly disadvantaged students use computers at school more 

than the most advan1aged studen ts. The opposi te is true in 10 countries/economies, while in 

2 1 coun tries and economies, and on average across OECD countr ies, the difference in computer 

use between the two groups is not significan t (Tab le 5.1 OJ. 

During mathematics instruction, disadvan taged students often get more exposure to computers 

than advantaged students. TI,e use of computers for mathematics teach ing and learning (and 
for other core sub jects) may first be introduced in the most cha llenging classrooms, either 

because educational disadvantage justifies the extra cost of introducing such tools, or because 

in these situations teachers and parents are keener to experiment these tools. In five coun tries 

and economies, however, advantaged students use ICT in mathematics classes more frequently 

than disadvantaged students. Denmark and Norway, where the use of computers in mathematics 
lessons is relatively common, are among these cou ntries (Table 5. 10). 

HOW PERFORMANCE ON COMPUTER-BASED TESTS IS RELATED 
TO SOCIO-ECONOMIC STATUS AND FAMILIARITY WITH COMPUTERS 

Across all domains assessed in PISA, socio-econom ic status bears a strong influence on the 

performance of students; and, as shown above, in some countries d isadvantaged students 

have limited access to ICT devices or less experience in using them. How does the strength 
of the relationship between the PISA index of economic, social and cullural status (ESCS) ;rnd 

petformance va ry across computer- and paper-based assessments? W hat does th is imply for the 

relationship between digi1a l sk ills and familiarity with computers and their uses? 

Disparities in performance related to socio-economic status 
ln the assessmen t of digital reading and the computer-based assessment of mathematics alike, 
differences in the PISA index of economic, social and cu//ural sta/ us (ESCS) account for 12% of 

the varia1ion in petformance, on average across OECD countri es . This is sl ightly less than in print 

reading (13%) and signifi ca nt ly less than in mathematics (15%). The impact of socio-economic 

status on petformance is thus weaker in computer-based assessments than in paper-based 

assessmen ts (Figure 5.9). 
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• Ftgure 5 9 • 
Strength of the relationship between socio-economic status and performance 

in digital reading and computer-based mathematics 
Variation in performance explained by socio-economic status 

Note: Hollow markers identify ccxmrries/economie> where the strength of the relationship bch~l>en the PISA index of 
economk. soci;i/ ,wdc11ltm.1/ slaws ,ind performance is not significantly diffe,cnt bctwe<!n computer-b.1sed a,,essrncnts and 
p.1pe<-b.:ist.>dassessme<1tsof therespect ivedomains 
Countries and economies are ranked in ascending order of the strength o( the re/,11ions/1ip between perfrxmance in digital 
reading and !ltc PISA index of economic, social and cuhural status 
Source: O ECD, PISA 2012 Database, Table 5. 14. 
seaeJ.Jru<.oli;,;:m, http, //<tx .<l>J .o,:g/l O. l'l87/8Ba~lJ::Sl21:.l 

Furthermore, Figure 5.10 shows that the relationship between socio-economic status and 

performance on computer-based assessments mos1ly reflects d ifferences observed in performance 

on paper-based asst.>ssments. On average, students who attain a certai n score in PISA mathematics 

perform equally well in the paper-based and computer-based assessments, regardless of their 
socio-economic status. In digital read ing, small differences in performance remain among 

students who auain the same score in the paper-based assessment of read ing, but come from 

different socio-economic backgrounds. 
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In the computer based assessment of mathematics in particu lar there 1s little evidence of a 

spL>c.:ific assoc iation betwt'en socio-economic status and performance. The observed relationship 
is accounted for by differences in students' performance in the paper-based mathemati cs 
assessmen t related to socio-economic stat us. After accounting for such differences, a significant 

relalionship w ith the PISA index of economic, social and cullural status remains in only 4 out of 

32 countries/economi<.>s (Table 5.15). This implies that differences in performance, related to 
soc io-economic status, in the computer-based assessment of mathematics do not stem from 
differences in the ability to use computers, but in d ifferences in mathematics proficiency. 

By contrast, in digita l reading, differences in reading proficiency across socio-economic groups 
only partially account for differences in performance in digital reading. A small, direct association 

between socio-economic status and digital read ing performance is observed . This direct 

assoc iation most likely stems from differences in navigation and evaluation skill s - i.e. those 

components of reading that are emphasised to a greater extent when read ing on line than when 
reading print. Even in d igital reading, however, lh is d irect association accounts for only 0.5% of 

the va riation in performance, while the indirect associat ion (through the effect of soc io-economic 

status on print reading skill s) accounts for 11.5% of the variation. 

• Fi gure 5. 10 • 

Relationship among analogue skills, socio-economic status, and performance 
in computer-based assessments 

Variation in performance on computer-based as.~essment~ explained 
by socio-economic statu.~; direct and indirect effects (OECD average) 

PISA index of 
economic,social 

andcu/wralstaius 

J>t,rformancein 
(printjreading 

MINIM 

Performance in 
(papt,r-bas,..>d)ma!hematics 

Note : The figure shows tha1 socio-economic status explains 12.0% of the var iation in digita l reading pcrfrnmance. Th is is 
large ly the result of the association liet1vee11 socio-economic status and pc1formance in print reading. Only 0.5% of the 
v,lf iat;on in performance in digit.11 uiad ing is un iquely associat<.>d wi th sOC io--<~onomic status 
Soum.': OECD. PISA 2012 Database, Tabhi 5.15 

Previous sections showed that, in their free time, s1udents from the top quarter of soc io-economic 

status read on line and use the Internet to obtain practical information more than disadvantaged 

students do, even in countries where advantaged and disadvantaged studen ts spend sim ilar 
amounts of time on li ne. PISA data ca nnot show whether reading more on line resul ts in better 

online read ing skill s, or the reverse. W hat they do show, however, is that the differences in use 

are highly related to differences in students' ski lls. 



l!J,,.,,.,.,""'" """" ~•Hma '"""""'~ OM~ .. 
"" 

Trends in the relationship between digital reading performance 
and socio-economic status 
By analysing how the relationship between digital read ing performance and soc io-economic 

status has evolved over time, it is poss ible to assess whether the bridging of the so-called first 

digital divide - the fact that access to JCT is now almost unive rsa l- also translated into a reduction 
of the second digital divide - the fact that socio-economic status still has an impact on how well 
students can use new tools 

Figure 5.1 1 reports trends in equ ity for digital reading. In Belgium, Colombia and Poland, where 
socio-economic status had a strong impact on performance in digital reading in 2009, and in 

Sweden, the relationship weakened cons iderably by 2012 . In none of these countries was a 

similar trend observed for print reading {Table 5.16). Meanwhile, in all four countries where 

equity in digital reading performance improved between 2009 and 2012, equity in access to JCT 
at home also improved (Figure 5.12 ). 

• Figure5.11 • 

Trends in the relationship between digital reading performance 
and socio-economic status 

Variation in digital reading performance explained by socio-economic status 
(PISA 2009 and PISA 2012) 

D • PISA2012 t:. J,,. PISA2009 

Notes: Countric,;ieconornies where the difference between PISA 2009 and PISA 2012 in the percentage of variation in digital 
reading periotmance cxplainOO by the PISA il'l<k)( of e<:ooomic, S,(XiJ/ J/')d cuhutJ/ stJM is significant ~ markOO in a (farker tone. 
The O ECD average refers only to O ECD countries represemed in thi s c hart. 
Coun/ries and economie5 are ranked in ascenrling order of tlw. strength of the rel,tionship bfct,.vee,, performance in rligital 
re,,ding anrl the PISA index of ~'Conomic, social and ctJ ltura l status 
Source: OECD. PISA 2012 0.1ta basii. Table 5.16 
sea el.fok.-,;:m http,//dx .<lol .org/J.O . na7/aaa~)lZSl2<6 

Thi s suggests that greater equity in digital reading was most ly achieved by reducing the specific 

impact of socio-economic status on digita l skills, rather than the general impact of socio­

economic status on reading performance. 
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• Figure s 12 • 
Change between 2009 and 2012 in the "digital access divide" 

and "digital reading divide" 
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Notes: "Disadvantaged students" refers to students in the bottom quancr of 1he PISA index of e.::onomic, soci,1/ and cultural 5Utus. 
The OECD ,w er,1ge refers on ly to OECD count,ies represented in th is ch;nt 
Sourc.c: Of.CD, PISA201 2 O.:,t.1base. Tab lcS .16 
seaelJ"1<.-::,;:m t.ttp , //d>< .<l<>! .o<g/lO . l 787/899~Jl<532JS 
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Note 

1. Socio-(."COnomk:allydisadvantag(.>d and advantaged schools are identified within individual school systems 
by comparing the average socio-economic status of the students in the system and the average socio­
economic status of the students in each school, using the PISA index of economic, social and cultural SIJ/us 

{ESCSJ. Socio-econom ically disadvantaged schools are those where the school mean ESCS is significantly 
lower than the country average ESCS (see OECD, 20 1 J, Box IV.) .1 ). 

Chapter 5tablL>sareavailab leonl;neat hJtrq/Jdx.do i ori•IJQ]787/8Rfl')}J177/l<)7. 

Notercgardinglsrad 

Thestatis1icaldataf0flsra,:,la ,,:,suppliedby,1ndundfftheresponsibilityoftherelevantls,aeliauthorities.Theu><! 
of such dat,1 by the OECO is withou! prt!judice to the status of the Golan Heights, East}erus;ilL>m and Israel i si_>t! lemL'fltS 

inthcWestBanlrundcrthetCfmsolintCfnationallaw. 
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How Computers are Related 
to Students' Performance 

Despite considerable investments in computers, Internet connections and 
software for educat ional use, there is little solid evidence that greater 
computer use among students leads to better scores in mat hematics and 
read ing. This chapter examines the relationship among computer access 
in schools, computer use in classrooms, and performance in the PISA 
assessment 
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m~~ In the past 15 years schools and fam1l1es around the world spent a substantial amount of money 

on computers, Internet connections, and software for educational use. Yet the benefits of these 

investmen1s for children's learning are not clear. While relatively abundant research has evaluated 

the effects of public investments in computers for education on education outcomes, more 
often than not these evaluations fail to identify any positive association between an increase 
in computer use and belier test scores in mathematics and reading (see Bulman and Fairlie 

[forthcoming] for a recent review). 

A better understanding of how computers affect education outcomes is thu s critical for investing 

in education technology. This chapter explores lhe relationship among computer access in 
schools, computer use in classrooms, and performance in PISA assessments. 

What the data tell us 

• Resources invested in ICT for education are not linked to improved student ach ievement 

in reading. mathematics or science. 

• In countries where it is less common for students to use the Internet at school for 
schoolwork, students' performance in reading improved more rapidly than in countries 

where such use is more common, on average. 

• Overall, the relationship between computer use at school and performance is graphically 

illustrated by a hill shape, which suggests that limited use of computers at school may be 

better than no use at all, but levels of computer use above the current OECD average are 
associated with significantly poorer results. 

PISA allows for analysing relationships between performance and computer access and use 

across countries/economies as well as within education systems, across students and schools. 

The strength of PISA data lies in 1he wide range of contexts covered. However, in non ­

experimental, cross-sectional data such as those gathered through PISA, even sophisticated 

statistical techniques cannot isolate the cause-and-effect relationship among computer access 

and use of computers, on the one hand, and performance, on the other. With this data, patterns of 

correlation can be identified, but these must be interpreted carefully, because several alternative 
explanations could give rise to similar patterns. Box 6.1 discusses in greater detail the problem of 

identifying causal relationships between computer invest ments and education outcomes. 

This chapter in1erprets the findings of analyses on PISA data in light of the findings in the 

wider literature. Experimental findings that can clearly identify causal links in the relationship 

between computer access and use and academic performance are highlighted in the discussion. 

TECHNOLOGY INVESTMENTS AND TRADE-OFFS 

When comparing countries/economies whose schools vary in their information and 

communication technology ocn resources, it is important to keep in mind that countries/ 

economies often vary, in related ways, across other dimensions as well. Likewise within countries, 

differenu.>s in the ICT resources of schools may be related to other differenu.>s across schools. 
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Box 6.1. Interpreting relationships among performance, computer access 
and use of computers at the system, school and student levels 

Using PISA data, it is possible to relate students' performance to their exposure to computers, 
as reported by the students themselves or by school principals. It is also possible, at the 

system level, to relate aggregate indicators of{,.>ducation outcomt,>s to students' average level 

of exposure to computers within a system - a proxy measure for a country's/economy's 

effort in integrating information and communication technology ocn in education. 

TI1ere may be several explanations for observing strong relationships between student 

performance and exposure to computers. TI,ese relationships could reflect a cause-and­

effect association between computer access/use and performance; but they could also 
reflect the inverse relationship, whereby {expected) performance drives investment in 

compu!ers. Countries, schools and families that are less satisfied w ith their students' 

performance, for instance, may choose to invest more in new tools or be keener to 

experiment them in the hope of improving these results. Even in the absence of causal 
links, these relationships could reflect associations of computer access and use with other 

variables, such as the resources available, the difficul ty of attracting good teachers, etc., 

which are themselves related to performance. 

Within school systems, the main obstacle to interpreting associations as cause-and­

effect is the non-random allocation of computers to students, schools, school types and 

school tracks. Nothing guarantees that students who are more exposed to computers can 
be compared with students who are less exposed, and that the observed performance 

differences can be attributed to such differences in exposure. Even when comparing 
students of similar socio-economic status, those schools and students that have and use 

computers more differ in several observable and non-observable ways from those that 

have more limited access to computers, or use them less. For instance, greater availability 

of computers at school may reflect a principal's capacity to raise funds, the teachers' 

willingness to lead change, or other principal and teacher characteristics that could 
not be accounted for in a non-experimental analysis. What students do with computers 

also depends on what they are able to do, i.e. their level of skill. Non-random selection 

and reverse causality thus plague within-country analyses, even after accounting for 

observable differences across students and schools. 

The analyses that relate the overall performance of school systems lo investments in 

computers and connectivity, or to levels of computer use at school, run into similar 

difficulties. A cross-country correlation is a simple measure of the degree to which two 

variables are associated with each other, but does not prove a causal link between the 
two, nor the direction of this link. While the correlations are examined after accounting 

for difforences in per capita income, other factors beyond a country's/economy's income 

level could be related to these variables and explain the association. 
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m~~ ln particular, ICT resources are related to the resources available for schools Countries with low 

expenditures on education, and low per capita income, tend to have fewer computers per student 
in their schools than countries with high expenditures on education (Figure 6.1 ). 

• Figure 6.1 • 

Number of computers available to students and expenditure on education 

Notes: Th,:, hor iiont;i l axis rL>pO<h th,; cumul,1tiv,:, ,;xpemliture by <.'ducation;il ins!itu!;ons pe, stud,:,nt from age 6 to 1 S, 
in cqt1i valent USD convened usi ng PPP for GDP. Data for most countr ies re fc, to 2010. 
Source: O ECD, PISA 2012 Da tabase, Table IV.3 .1 (O ECD, 20 13) and Table 2.11. 
StatLir>J< ... _..,. http , //&:.dol .org/l O. l791/ 99993J253247 

While investments in computer hardware, software and connectivity appear to increase with 

the resources spent on education, it is also clear that these investments compete for resources 
with other priorities. For a given level of resources at the country level, money spent on 

equipping schools with ICT could have been used for hiring additional teachers, increasing 

their salaries or investing in their professional development, or spent on other educational 
resources, such as textbooks. When interpreting the relationship between ICT investments 

and students' performance in terms of costs and benefits, it is important to include, among 

the costs, the forgone benefits of alternative uses of money (what economists refer to as the 

opportuni ty cost). 

Similarly, computer use in classrooms and at home can displace other activ ities that are conducive 

to learning, or, instead, increase learning time by reducing recreational time or non-productive 
uses of classroom time. TI1e net effect of computer use in classrooms and at home is likely to 

depend on whether computers displace other learning activities or, instead, increase the overall 

time that is spent learning or the effectiveness of learning processes. 
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HOW LEARNING OUTCOMES ARE RELATED TO COUNTRIES'/ECONOMIES' ~~ 
INVESTMENTS IN SCHOOL ICT RESOURCES 

Figure 6.2 draws a complex picture of the relationship between countries' /economies' performance 

in PISA and the average level of access to and use of computers at school. While a few of the 
assoc iations are positive, many correlations are negative, particu larly in analyses that account for 
a country's/economy's income level. 

Across countries and economies, 1he amount of JCT resources available to st udents is positively 

related to students' performance. However, much of this association reflects the overall amount of 

ed uca1ional resources available lo students, as well as school systems' pas1 levels of performance. 

The strength of the relationship weakens considerably when adjusting the level of ICT resources 

for the variation in per capita income across countries/economies, and becomes mildly 

negat ive when also controlling for the system's c1verage performance in earlier PISA assessments 

(Figure6.2). 

In fact, PISA data show that for a given level of per capita GDP and after accounting for initial 
levels of performance, countries that have invested less in introduci ng computers in school have 

improved fas ter, on average, than countries that have invested more. Results are similar across 

reading, mathematics and sc ience (Figure 6.2). 

Figure 6.3, for instance, shows that, between 2003 and 2012, students' performance in 

mathematics deteriorated in most countries that had reduced their student-computer ratios over 

the same period (after accounting for d ifferences in per capita GDP). 

One possibility is that such school resources were, in fact, not used for learning. But overall, 

even mesuresof ICT use in classrooms and schools show often negat ive associations with student 

performance. Average readi ng proficiency, for instance, is no t higher in cou ntries where students 

more frequent ly browse the Internet for schoolwork at school. Figure 6.4 shows that in coun tries 

where il is more common for students to use the Internet at school for schoolwork, students' 

performance in read ing decli ned, on average. Similarly, mathematics proficiency tends to be 

lower in cou ntries/economies where the share of students who use computers in mathematics 

lessons is larger (Figure 6.2). 

An alternative possibility is that resources invested in equipping schools with digital technology 

may have benefitted other learning outcomes, such as "digital" skill s, transitions into the labour 

market, or other skills different from reading, mathematics and sc ience. 

However, the associat ions with ICT access/use arc weak, and sometimes negative, even when 

results in digital reading or computer-based mathemat ics are examined, ra ther 1han results in 

paper-based tests (Figure 6.2 ). In addition, even specific digital reading competencies do not 

appear to be higher in countries where brows ing the lnlemet for schoolwork is more frequent. 

TI1e average qual ity of students' online navigation, as measured through the index of task­

oriented browsing, is unrelated to the share of students who frequently use the Internet at 
school (Figure 6.2). TI1e index of task-oriented browsing reflects students' ability to plan 

and regulate their navigation behaviour on line, and to anticipate, by mak ing an inference 

based on the available information, whether the target of a link is relevant or not to the task. 
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• Figure 6 3 • ~~ 
Trends in mathematics performance and number of computers in schools 
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Trends in reading performance and proportion of students 
who frequently browse the Internet for schoolwork at school 
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ln Chapter 4, this index was shown to account for a significant part of the variation in digital 
reading performance across countries of similar performance in print reading. Among the 
countries/economies where the quality of students' online navigation is highest, Australia has 

one of the largest shares of students who frequently browse the Internet at school for schoolwork, 

Korea one of the smallest, and Singapore an average share (Tables 2.1 and 4. 1 ). 

HOW PERFORMANCE IS ASSOCIATED WITH STUDENTS' USE OF ICT FOR SCHOOL 

This section compares students within countries/economies, focusing particularly on performance 

in digital reading and computer-based mathematics, where, in theory, a stronger relationship 

with exposure to computers can be expected. Do students perform better in digital reading when 

they read on line more frequently for schoolwork? What is the relationship between students' 

use of computers during mathematics lessons and their ability to use computers for solving 

mathematics problems? 

When in1erpreting these relationships, it is importan! to bear in mind lwo aspects of the PISA da1a 

(sec Box 6.1 ). First, students reported on their use of computers during the current school year, but 

their performance also depends - and probably to a larger extent - on the learning opportunities 
and exposure to computers of past school years. In some countries, students who take the PISA test 

have been in their current school and grade for less than three months. Thus, in PISA data, even 

frequent use of computers at school might correspond to only short exposures. 
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Second, both the current level of performance and the current level of computer use might be ~~ 
the consequence of past performance levels. In most systems, 15-year-old students are either no 

longer in comprehensive schools or are streamed or grouped by ability in mathematics lessons. 
Variations in the use of computers might relate to the track or ability group of students. In other 

words, users and non-users might be very differen1 from each other to start wilh, in terms of their 

aptitude, behaviour and disposition towards learning and school. 

Analyses discussed in this section accoun t for differences in socio-economic status across 

students and schoo ls, but cannot account for past performance levels and for several other 

important determinants of studen ts' exposure lo computers al school. 

Use of computers at school 
The index of /CT use at school measures how frequently students engage in a varie1y of activities, 

such as browsing the Internet at school, using e-ma il at school, chatting on line at school, and 

using computers for practice and drilling in foreign-language classes. Higher va lues of this index 
correspond lo more frequen t and more varied uses. 

Figure 6.5 (left panel) shows tha1 s1udents who make sl ightly below-average use of computers at 

schoot have the highest performance in digital reading. Overall. the relationship is graphically 

illustrated by a hill shape, which suggests that limited use of computers at school may be better 
than no use at all, but levels of computer use above the current OECD average are associated 

with significa ntly poorer resu lts. 

• Figure 6.5 • 
Students' skills in reading, by index of ICT use at school 

DECO average relationship, after accounting for the socio-economic status 
of students and schools 
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Source: OECD. PISA 1012 Database. Table 6.2 
S~a~Li<lk~ ht tp, //d><.<bi .org/10 . 1?87/8889 J l25J280 
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m~~ Figure 6 5 also shows that the relat1onsh1p between computer use and performance IS similar 

across digital and print reading; this suggests that even specific online reading skills do not 
benefit from high levels of computer use at school. This is confirmed by the right-hand panel, 
which relates the index of task-oriented browsing - an indicator of students' navigation and 
evaluation skills in online texts - to the index of /CT use at school. Even such specific on line 
reading skills do not appear to benefit from more intensive use of computers at school. 

Overall, using computers at school does not seem to confer a specific advan1age in online 

reading. In detail, however, the relationship between performance and the frequency of use 

varies across activities. 

The decline in performance associated with greater frequency of certain activities, such as chatting 

on line at school and practicing and drilling, is particularly large (Figure 6.6) . Students who 
frequently engage in these activities may be missing out on other more effective learning activities. 

Students who never or only very rarely engage in these activities have the highest performance. 

ln contrast, for browsing the Internet or using e-mail, the relationship with reading skills becomes 

negative only when the frequency increases beyond "once or twice a week" (Figure 6.6). Thus, 

encouraging students to read on line, in moderation, may have positive effects on reading more 

generally. Teachers who offer a diverse range of materials Lo read can promote engagement 
with reading. particularly among !xiys (OECD, 2015). In 16 out of 25 countries/economies with 

available data, students who browse the Internet at school once or twice a month score above 

students who never do so on the PISA digital reading scale. ln addition, the highest quality of 
navigation is allained by students who reported browsing the Internet at school "once or twice 

a week", suggesting that practice with online navigation in a school setting can be particularly 
important for specific skills related lo online reading (Table 6.3c). 

There are also significant differences across countries (Table 6.2, and Tables 6.3a through 6.3i). 

In Australia, in particular, more frequent browsing of the Internet at school - even the most 

frequent browsing - is associated with gains in digital reading skills. Australia is among the 
countries where students use computers at school the most. 

Use of computers in mathematics lessons 
The index of computer use in mathematics lessons measures whether teachers or students 

use computers during mathematics lessons, and for which tasks. Higher values on this index 

correspond to more mathematics tasks being performed w ith computers, particularly by 

students. 

Across OECD countries, students who do not use computers in mathematics lessons tend to 

perform better in the paper-based and the computer-based assessment of mathematics (Figures 6.7 
and 6.8). This may reflect, to a large extent, the fact that advanced mathematics classes rely 

less on computers than more applied mathematics classes. However, even the ability to use 

computers as a mathematical tool - a skill that is on ly assessed in the computer-based assessment 

of mathematics - appears to benefit little from greater use of computers in mathematics classes, 

as shown in the right panel of Figure 6.7. 
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• Figure 6 6 • ~~ 
Frequency of computer use at school and digital reading skills 

OECD average relationship, after accounting for the socio-economic status 
of students and schools 
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Performance in computer-based and paper-based mathematics, 
by index of computer use in mathematics lessons 

DECO average relationship, after accounting for the socio-economic status 
of students and schoofs 
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Irrespective of the specific tasks involved, students who do not use computers in mathematics 

lessons perform better in mathematics assessmen ts than s1udents who do use computers in their 

mathematics lesson, after accounting for differences in socio-economic status {Figure 6.8). 

There are, however, exceptions to this negative relationship. In Belgium, Denmark and Norway, 

there is a positive association between computer use in mathematics lessons and performance in 

the computer-based assessment of mathematics, parti cularly when the comparison accounts for 
differences in students' socio-economic status and in schools' socio-economic profile. Students 

who use computers during mathematics lessons tend to score higher than students who do not 

(Table 6.4, and Tables 6.Sa through 6.5g). Denmark and Norway, too, are among the coun tries 
where students use computers at school the most. 

Use of computers outside of school for schoolwork 
The relationship between reading skill s and using computers for schoolwork outside of school is, at 

first glance, simil ar to the relationship between reading ski lls and usi ng computers for schoolwork 

at school. The index of /CT use outside of school for schoolwork measures how frequently students 
do homework on computers, browse the Internet for schoolwork, use e-mail for communications 

re lated to school, visit the school website, and/or upload or download materials on it. Higher values 

of this index correspond to more frequent and more varied US(.>s. 
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• Figure 6 8 • ~~ 
Computer use in mathematics lessons and performance 

in computer-based mathematics 
DECO average relationship, after accounting for the socio-economic status 

of students and schoofs 
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m~~ Students who use computers for schoolwork outside of school lo a moderate degree perform 

best in both digital and print reading - higher than students who never use computers at all. 
When computer use increases beyond the OECD average, however, the relationship turns negative. 
This hill -shaped relationship is also observed when considering the quality of students' navigation 

(index of /ask-oriented browsing) (Figure 6.9). 

• Figure 6. 9 • 
Students' skills in reading, by index of ICT use 

outside of school for schoolwork 
DECO average relation.~hip, after accounting for the socio-economic status 

of students and schools 
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The two homework activities listed in Lhe ICT familiarity questionnaire (doing homework on 
computers, and browsing the Internet for schoolwork) show a similar hill -shaped relationship 

with performance. Students who nt>ver do these activities on computers, and students who do 

them every day, are the two groups with the lowest performance in the assessment of digital 
reading. When considering communication activities among students and with teachers, such as 

using e-mail to communicate with other studenl s, there is no difference in average performance 

between students who nt>ver use a computer for these activities, and students who do so up to 

once or twice a week (Figure b.10). 

When interpreting these results, it is imfX)rlant to bear in mind that what students do when they 

are free to choose how to spend their time depends on their skills (what they are able to do) 
and their dispositions towards learning more generally. for example, the group of students who 

rarely use computers for doing homework outside of school includes those students who rarely 

do any homework outside of school, irrespective of whether they do so with computers or not. 
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• Figure 6 10 • ~~ 
Frequency of computer use outside of school for schoolwork 

and digital reading skills 
DECO average relationship, after accounting for the socio-economic status 

of students and schoofs 
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m~~ The relat1onsh1p between doing homework on computers and performance might reflect students' 

engagement w ith school, in general, rather than their use of computers for school, in particular. 

USE OF COMPUTERS AT HOME FOR LEISURE AND DIGITAL READING 
PERFORMANCE 

Students use computers at home for playing games, to remain in contact with friends, and for 

all sorts of leisure activities, such as downloading music, reading news, or simply browsing the 

Internet for fun. The frequency and variety of le isure activities in which students engage when 

using computers at home is summarised in an index of /CT use oulSide of school for leisure. 

Figure 6 .11 shows the hill-shaped relationship between the uses of computers at home for leisure 

and digital reading performance. Moderate users tend to perform better than both intensive users 

and rare users. TI1e figure also shows a similar, hill -shaped relationship with print reading. In this 

latter case, however, rare users perform better than intensive users (those with the highest values 

on this index). 

• Figure 6.11 • 

Students' skills in reading, by index of ICT use 
outside of school for leisure 

OECD average, after accounting for the socio-economic status of.~tudents and schools 

__ Qualityofnavigation 
(200EC0counuies) 

~'.>de,o/lCT!oot<ideol~hoolforleisu~ 

Notes: The lines represent thii pn.'dictcd vallJ\.>s of the ,espect ive outcome v.1ri3b le, at varying levds of the index of !CT u,e 
outside of ,chool for lei, me, for strnll~ts with a value of zero 0<1 thli PISA index of economic, social and c!!lt,iral st.atus 
(ESCS), inschoolswhcretheaveragcvalueofESCSiszero. 
Qualityofnavigationrelerstostudcnts'abilitytoplanandregulatethcir navigationbetiaviouronlinc;thisismcasuredby 
!~ inde>: of task-orieflted browsing (,;re Chapter 4). 
Source: OECO. PISA 2012 0.1 tab,wi. T.1blc 6.8 
Seatl.foK~ ltttp , //,jx..<l:>i .o-rg/lO . l787/888~Jl::5JJ43 

Students who use computers most intensely differ in many ways from students who use computers 

rarely, if at all. Computer use, itself, may be the result, rather than the cause, of different levels of 

digital skills. For these reasons, it is not possible to interpret these associations as simple cause­

effect relationships. Nevertheless, these pat1ems indicate that it is not necessary to use computers 

frequently to perform well in digital reading. 
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• Figure 612 • ~~ 
Frequency of ICT use outside of school for leisure 

and digital reading skills 
DECO average relationship, after accounting for the socio-economic status 

of students and schoofs 
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m~~ In fact Figure 6 12 shows that the relat1onsh1p between leisure act1v1t1es on computers and 

performance in digital reading varies depending on the specific activity. Some activities, such as 
browsing the Internet for fun or using e-mail, are more positively related to proficiency in on line 

reading than others, such as playing collaborative gamc..,s on line or downloading music or films 

from the Internet. Better online readers do more of the former, and less of the latter. 

These differences across different activities mus.I be interpreted in light of the fact that students 

select their leisure activities, in part, based on what they enjoy most; and this, in turn, depends on 

how well they are able to handle the task. Students who read more tend to be better readers; in 

turn, bet1er readers are likely to feel rewarded by reading more. Reading engagement and reading 

proficiency sustain each other in a reciprocal relationship. 

RESEARCH EVIDENCE ON THE IMPACT OF COMPUTER USE 
ON STUDENT PERFORMANCE 

Overall, the most frequent pattern that emerges in PISA data when computer use is related to 

students' skills is a weak or sometimes negative association between investment in ICT use and 

performance. While the correlational nature of this finding makes it difficult to draw guidance 

for policy from it, the finding is remarkably similar to the emerging consensus in the research 

literature, based on studies that use more rigorously designed evaluations. 

Several studies have assessed the impact on education outcomes of allocating more resources for 

JCT in schools. Most recent research in this field has been conducted using "natural experiments", 

whereby the given reality of the situation creates a control group that can be compared to the 

"treated" group, which in this case represents the schools that receive the additional resources. TI1e 

majority of these studies finds that such policies resu lt in greater computer use in "treated" schools, 

but only few studies find positive effects on education outcomes, even when the nev,, resources 

did not displace other investments (Bulman and Fairlie, forthcoming). Evidence resulting from such 

"natural experiments" in Israel (Angrist and Lavy, 2002 ), the Netherlands (Leuven et al., 2007), 

California (Goolsbee and Guryan, 2006) and Peru (Cristia, Czerwonko and Garofalo, 2014) agrees 

with the finding of limited, and sometimes negative, effects on traditional performance indicators, 

such as test scores, grades in national examinations, and incidence of dropout. 

Few studies are based on controlled experiments, whereby treatment and control groups are 

created by a random draw. A randomised evaluation of the "Computers for Education" programme 

in Colombia (Barrera-Osorio and Linden, 2009) finds limited effects on learning, but also finds 

that additional computers did not translate into increased use of computers for instruct ion. 

As an CXC(.>ption to these findings, Machin, McNally and Silva {2007) report performance gains 

from increased funding for ICT equipment among primary schools in England. These authors use 

a change in the rules governing the allocation of funds across local education authorities, around 

the year 2000, to compare schools (or rather, local education authorities) that gained additional 

funds under the new rules to those whose resources decreased or remained constant. 

Other studies have assessed the impact of specific uses of ICT on education outcomes. Experimental 

evaluations of specific uses of computers for instructional purposes - such as educational software ­

tend to report positive results more often (Bulman and Fairlie, forthcoming). However, to interpret 
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these f111d111gs 1t 1s crucial to determ 111e whether the mtroduc\1011 of computer assisted 111struct1011 ~~ 
increases learn ing time overa ll or disp laces other lea rning activities . 

ln his review of the effectiveness of computer-assisted instruction, based on 81 meta-analyses 
of research published over the past 30 years, H attie (2013) finds that the effect on learning is 

neither larger nor sma ller than the typical effect found from o ther well·intentioned teaching 

interventions, on average. As a result, if computer use replaces similarly effective teaching 

activi ties, the nel effect may be zero. 

Furthermore, the specific uses promoted in the context of experimenta l eva luation studies may be 
belier than the average uses that unorma l" teachers promote in their classrooms. In their ana lysis 
of TIMSS data, which links, for the same student, differences in computer use across subjects 

(mathematics and sc ience) to differences in performance, Falck, Mang and Woessmann (2 015) 
find that mathematics resu lts are unrela ted to computer use, while science results are positively 

related to certain uses ("looking up ideas and informat ion") and negatively related to others 
("practic ing skills and procedures"). 

Effecls, indeed, are likely to va ry depending on the context and the specific uses. In their 
assessment of the li terature on computer-assis ted instruction, Hattie and Yates (2013) report 
stronger effects when computers were supplementing traditional teaching, ra ther than seen as 

its alternative. According to these authors, positive effects were achieved in interventions th at 

followed the sa me principles of learn ing that apply for traditional teachi ng as well : computers 
were particularly effective when used to ex!end study time and practice, when used to al low 

students to assume control over the learning si tuation (e.g. by individualising the pace wi th which 

new material is introduced), and when used to support collaborative learning. 

Rigorous experimental evidence on the effect of home computer use on students' performance in 

school is more limited. Three recently publi shed experimen ts refX)rt mixed evidence. Exploiting 

a sharp discontinuity in eligibil ity rules for a computer-vouchers programme for fam ilies with 
school-aged children in Romania, Malamud and Pop-Eleches (2011) find mixed evidence on 

impacts, with some outcomes, such as school grades, deteriorating for the e ligible students, and 
other outcomes, such as computer ski l ls and cognitive skills measured with Raven's progress ive 

matrices, improving. ln a randomised trial in Ca lifornia, where free computers where given to 
students in grades 6-10 who previously had none, no effects were fou nd on grades, test scores, 

credits earned, or engagement with school (Fairlie and Robinson, 2013 ). Finally, in a randomised 

trial in Peru, abou t 1 000 primary school children selected by a lottery received a free laptop 
computer for home use. Five months after receivi ng the computer, these children reported grea ter 

use of compu ters overall and were more proficient in using them than non-rec ipien ts. No effects 

were found however on reading and mathematics scores, on cognitive skills, and on more 

genera l JCT proficiency; whi le teachers reported thal recip ients of free computers exerted less 
effort at school compared to non-rec ipients (Beuermann et al., 20 15). 

Overall, the evidence from PISA, as well as from more rigorous ly designed evaluations, suggests 

that solely increasing access to computers for studen ts, at home or at school, is unlikely to 
result in significa nt improvements in education outcomes. Furthermore, both PISA data and the 

research evidence concur on the finding that the positive effects of computer use are specific -

limited to certain outcomes, and to certain uses of computers . 
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Vsing Log-File Dc1tc1 
to V11dei-stc1 nd Whc1t Drives 

Pei-foi-mc111ce in PISA (Cc1se Study) 
In computer-based tests, machines keep t rack (in log files) of - and, if so 
instructed, could analyse- all t he steps and actions students take in finding 
a solut ion to a given problem. This chapter uses three tasks from the 
PISA 2012 computer-based reading assessment to illustrate how process 
data recorded by the assessment can enhance educators' ability to monitor 
students' test-taking behaviour and measure their ski lls. 
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~ Information and commu111cat1on technolob'Y (]CT) tools have the potential to improve education 

and teaching in several ways. In the domain of assessment, digital tools can improve precision and 

efficiency of measurements, and expand the kinds of knowledge and skills that can be assessed 
(e.g. problem solving [OECD, 2014]). Perhaps more important, ICT tools make it easier for 
students 10 identify their learning needs as they participate in the assessment. Indeed, computers' 

interactive nature, rapid feedback loops and powerful analytical possibilities can be harnessed 
in the interest of universal learning principles. When digital tools support students' engagement 

with challenging material, thus extending learning time and practice, or help students to assume 

control over the learning situation, by individualising the pace with which new material is 

introduced or by providing immediate k,edback, students probably learn more. 

Bunderson, Inouye and Olsen (1988) were among the first to describe the potential of "intelligent 

measurement". In their vision, computers could provide the kind of advice that, in the past, only 

experts could give to learners, and only if they c losely monitored learners' progress (an extremely 

time-consuming activity). In computer-administered tasks, machines keep track of all the steps 

and actions taken towards a solution (in log files). lf correctl y instructed, computers could also 

analyse those actions along with students' performance on the tasks. Thus, computers could 

eventually produce not only static test scores, but also an interpretation of scores (a profile) and 

personalised feedback for learners and their inst ructors. 

Yet more than 25 years later, this vision of intelligent measurement is still far from being 

implemented on a large scale. One reason for the slow progress is the scarcity of studies 

investigating the use of process data (log-file data) for analysing students' learning. As Csap6et al. 

(2012) note, it is very difficult to "make sense of the hundreds of pk-'Ces of information students 

may produce when engaging in a complex assessment" (p. 216). 

What the data tell us 

• ln computer-based tests, log files record information aOOut the timing and type of actions 
students perform while trying to solve tasks . Analyses of log files allow for investigating how 

fluently students read, how persistent they are in trying to solve chal lenging problems and, 

more generally, analysing differences in how students handle tasks. 

• Students who need a long time to read and understand a simple test question are likely 

to lack fluency in reading, as well as other basic reading skills. Data culled from one task 

in the digital reading assessment show that students in Brazil, Chile, Colombia, Hungary 
and the United Arab Emirates are significantly more likely lo read slowly than students in 

other countri1;.-s. In contrast, in Japan, Korea, and other countries with sma ll shares of low 

performers in reading, few students read slowly. 

• n,e largest proportions of students who could solve a complex digital reading task in less 
than the seven minutes usually required to succeed were observed in Australia, Canada, 

France and the United States. But when also considering students who persisted beyond 

seven minutes to solve the problem correctly, other countries and economies - notably 

Hong Kong-China, Ireland, Japan, Macao-China, Shanghai-China and Singapore - performed 
on par with or sometimes better than the former group of countries. 
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Thi s chapter uses three assessment items or tasks lo 1llustra1e how process da ta recorded by ,~ 
computer-based assessments enhance the ability to measure stu dents' behav iour and sk il ls. 
All three items analysed here belong to a same test unit (SERA/NG), which means that they share 
a common text as st imulus material. 

The case study is organised as fol lows. First, the general fea tures of the unit SERA/NG are 
introduced. In addition to provid ing the contex t for the later analyses, this unit illustrates how 

students' sk ill s in digita l readi ng were assessed in PI SA 2012. Next, students' read ing fluency, 

thei r persistence, and their navigat ion behaviour are ana lysed, drawing on comparisons of 

students across coun tries and across performance levels. 

Al l fi ndings in thi s section are based on a limited number o f tasks, somet imes on a single task. 

For th is reason, they shou ld be in terpreted wi th caut ion. Fu rther research is necessary to genera lise 

and corroborate resu lts. 

DESCRIPTION OF THE UNIT SERA/NG 

The three items ana lysed in greater detail here were chosen to ill ustrate the range of navigation 
demands in the PISA assessment. Figure 7.1 shows that the tasks in the unit SERA/NG spa n the 

full range o f navigation d ifficult ies. 

• Figure 7.1 • 

How text processing and navigation demands vary across tasks 
in the unit SERAING 

Te,tprocessing 

No te~: The horizont.11 axis shmvs e xperts' rJti ngs of text-p,ocessing demJnds; the vefl ical axis shows expe,ts' rat ings of 
navigationdemands(both,atings;ueexpressedona 1-4sca le,with4 corre5,(X>ndi ngto them05tdifficull] 
Each dia mond repre5et1ts ooe or more tasks in the PISA 2012 assessment of digital reading. 
Source: OECO (2011), PISA 1009 Resu/15: Students on Line : Digital Technologies and Performance (Volume VI), p. 43, 
h11p-01>,ckiimg/J01Z8719Z89'b411 7995:ro. 
S~a ~Li<lk~ ht tp: //d>:. ooi .org/10.l?87/8889Jl25JJ6l 
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~ • F1gure72 • 
Screenshots of webpages used in the unit SERAING 

Community Cultural Centre 
olSoniir,g 

::- == 
:."::':.'::!:' .. -:.:-..::::::.:;.::::..--.;:.. ........... - .. 

Source: Australian Co,;mci l for Ed t,catio n.:, I Resea rch (201 5), "PISA ex.1mples o f computer-hased i!ems: Dig ital Re.:iding 2012· 
SERA/NC, bttJr/klw;q accu:du :111/"ndrx pbp?cmd-roEra1 0]., (aca.-ssed JO April 2015). 
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The items are briefly described below and are ava 1lable for viewing on the website of the Australian ,~ 

Council for Educational Research (http·/Jcbasq i)(<'r cdu au/inrjpx pbp?cmd 1ofra201 2 [accessed 
30 April 2015]). The extent and nature of text-processing skills and navigation required in each 
of the tasks can be best appreciated by trying to solve the items. 

The unit SERA/NC is built around the fictional website of the Belgian city of Seraing (Figure 7.2). 
The unit comprises three tasks. Box 7.1 summarises the main characteristics of each task. The 

first two tasks measure students' proficiency in "accessing and retrieving" information. ln an 

online environment, this involves searching for information by interacting with the available 

navigation tools, using knowledge of the typica( structures encountered on line and feedback 
received along the way as a guide. To limit the search difficu lty, both tasks provide directions to 

guide and orient students ("Look at the Seraing home page", "Find the page for ... "). The third 

task is classified as "complex" because several cognitive processes are involved at the same time 

to solve this task. As in previous tasks, students need to search and locate information, and are 
provided with explicit directions to assist them. TI1ey also need to "integrate and interpret" the 

information found, contrasting two concert descriptions, and to reflect on these descriptions in 

light of their personal preferences, in order to justify a choice of one concert over the other. All 
aspects of the reading framework ("access and retrieve", "integrate and interpret", "reflect and 

evalua1e": see OECO, 2013a) are important, making this a "complex" item. Answers given to this 

last item were scored by trained coders. 

Box 7.1. General description of tasks in the unit SERAING 

TASK 1 

Question stem: Look at the Seraing home page. What are the dates of the Heritage Days? 

Answer format: Simple multiple choice (4 options) 

Fram ework aspect: Access and retrieve 

Difficulty on the digital reading scale: 248 points (below Level 1 b) 

Number of pages available for navigati on: 21 

Minimum number o f navigatio n steps required for locating 
the necessary information: O {but scrolling is required) 

TASK 2 

Question stem: Find the page for the Seraing Community Cultural Centre. Which film will 
be shown in the iirst week of November? 

Answer format: Simple multiple choice (4 options) 

Fram ework aspect: Access and retrieve 

Difficulty on the digital reading scale: 382 points (level 1 a) 

Number of pages available for navigati on: 21 

Minimum number of navigation steps required for locating 
the necessary information: 3 
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TASK 3 

Question stem: O~n the e-mail inbox and read John's e-mai l message to Max. Click on 
"Reply" and write a repl y to John from Max. In the reply, recommend which concert to 
buy tickets for (5 December or 12 December). Explain why thi s concert would be more 
enjoyable, referring to the concert descriptions. 

Click on "Send your message" lo send the reply. 

Answer format: Constructed response, expert coded 

Framework aspect: Comp lex 

Difficulty on the digital readingscale: 570 points (Level 4)forfu ll credit, 547 points(Level 3) 
for pa rtial cred it. Partial credit is given to students who could indicate thei r preference and 
give an explanation, but thei r explanation is not related to concert descriptions. No credit 
is given to students who cou ld indicate the preference, but did not g ive any expl anation. 

Number of pages available for navigation: 25 

Minimum number of navigation steps required for locating 
the necessary information: 11 

Over 38 000 students from 32 countries participating in the assessment of d igital reading were 

given these tasks. Process data are available for 38 SOb students for the first task, 38 370 for the 
second, and 37 474 for the third task. TI1e unit appea red at the end of one of the two test c lusters, 

which mea ns that half of the students were admin istered this unit before reach ing the midd le of 

the 40-minu te test session, and half of the students at the very end. 

On average across OECD countries, 38% of studen ts received full credit for al l three tasks in 

this unit, 43% solved two out of three tasks correctly, 16% solved only one task correctly, and 

4% of students d id no t solve any task correctly, among students with avai lab le process data and 

excluding students who did not reach this unit in the test (Table 7.6). In general, the proportion 
of correct answers across countries/economies is in l ine with the ranking of countries and 

economies by thei r mean performance on the digital reading scale.1 

Throu ghout the case study, the behaviour of slrong and weak students w ill be contrasted by 

comparing sl udents who received fu ll credit for all three tasks and students who solved al most 

one of the three tasks correctly. As defined here, the groups of strong and weak studen ts account 

for 38% and 20% of the studen t population, respectively. 

HOW FLUENTLY CAN STUDENTS READ? 

Good readers are able to process the words and sentences they read fast and accurately 

(Catts et al., 2002), as if 1hey were li s1ening 10 a natura l voi ce rather than read ing a text. In simple 

tasks where the stimulus material contains a short explicit di rection, initial reaction lime can be 

used to measure reading fluency. Initial reaction time refers to the amount of time, measured 
in seconds, from the moment the student sees the item to the first action a student takes.2 This 

measure ca n be extracted from process data recorded automatica lly by the test -administration 

platform. 
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A l1hough 11 was not designed for thi s purpose, Task 2 in the unit SERA/NG offers a good setting ,~ 

to measure and compare reading fluency across students. When students reach Task 2 in the 
unit, they have already had the opportunity to familiarise themselves with the homepage of 
Seraing - the st imulus material - in Task 1. TI1e only material that is new to them is the question 

in the bottom part of the screen, which states: "Find 1he page for the Ser;iing Communi1y Cultural 

Cen tre. Which film w ill be shown in the first week of November?'' The phrase "Community 
Cultural Centre" prominently appears at the cen tre of the homepage. Initial reaction time on this 
task typically corresponds lo the time it takes students to click on this link; it is therefore most 

li kely related to the time ii takes to read and understand 1he question, and only to a limi1ed extent 

to other proct.>sses (such as locating the information, developing a plan, etc.) . 

Figure 7.3 shows how the initial react ion time varies across students of different proficiency in 

(digita l) reading. The weakest students - those who are ab le to solve at most one of the three 

SERA/NC tasks correctly - have the longest reaction times, on average, indicating that many of 
these studen ts may lack fluency in decoding words and sen tences. 

• Fi gure 7.3 • 

Initial reaction time on Task 2 in the unit SERA/NG, by performance categories 
M edian time between rhe start of the task 

and the first mouse click, in seconds (OECD average) 

• All three S[RAING tasks correct 
0 Two SERA/NG tasks c0<1ect 

Note: Because time indicators typically have a skewed distribution and some l'e!)' ~1rge outliCIS, the median time (50th peJCe11tilc) 
issl,01,,·n in thisfigure. 
Source:OECO, PISA2012 Database. Table7.1. 
St"att.ir,l<~ ht tp a//dx.doi.o:rg/l 0.l787/8889J325J371 

On average across OECD countries, 10% of students have reaction limes shorter than 6 seconds, 
w hile another 10% of students take 28 seconds or more to react (Tab le 7.1). Further ana lyses 

show that reaction time is negatively rela1ed to success in this simple task. Some 83% of the 

fastest students (those who reacted in under 6 seconds) went on to answer the question correctly, 

whi le only 46% of the slowest students (those who reacted in over 28 seconds) answered the 
question correctly.3 TI1e latter group is thus likely to have poor fluency in reading and d iff iculties 

related to basic read ing skills. But how are these students distributed across countri es? 

In some countries, such as Brazi I, Ch ile, Colombia, Hungary and the Un ited Arab Emirates, st udents 

are signi ficant ly more likely to read slowly than in Japa n, Korea, and other East Asian coun tries 

and economies. The fact that this variation across countries is strongly rela ted to the variation 
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~ 111 the proport ion of low performers 1n (prmt) readmg may 1nd1ca te that one reason behind 

students' difficulties in reading is insufficient basic skills, such as the automatic decoding of 
words (F igure 7.4) . 

• Figure7.4 • 
Relationship between long reaction time on Task 2 in the unit SERAING 

and low performance in reading 
Acros.~ countries and economies 

for(omJ>,lrison: 
lowperform,,rs inn,ading 

I 0Noactioowcon:k.>d I 
. Reactiontimelon1,oer than 30~Df1ds 

Countries and economies are ranked in ascending order of tl,e percentage of st,,dents who;e reaction time is longer than 
JO seconds 
Source: OECD, PISA 1012 Database, Table 7. 1 
Sta tLfr>k.-:.;:m, http, //&<.dol .org/l O.l781/S889JJ253J89 

By identifying a tack of reading fluency as a poss ible reason behind the large proportion of tow­
petforming students, the analysis of log fi les in d igital reading can also indicate possible ways 

to improve the reading skills of low performer, and adjust instruction to beller serve their needs. 

The high correlation (0.90), across cou ntries and economies, between the percentage of students 

petform ing below Level 2 in print reading, and the percentage of stu den ts w hose initial reaction 
time exceeds 30 seconds shows that reaction time is a good p redictor of mastery of basic reading 

skill s (Table 7. 1). Further research would be needed, however, 10 ensure that measures of reading 

fluency based on reaction time are comparable across tanguages.4 
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HOW DO STUDENTS ALLOCATE EFFORT AND TIME TO TASKS , l:.IB 
Timing measures may not only function as indicators of how fluen1ly students process certain 

cognitive tasks; they may also indicate the degree of effort and motivation. for this reason, thL->y 
are often difficul t to interpret. 

Time on task is calculated as the total time spent on a task from start to fin ish . How is time on 

task related to performance? If longer times indicate greater care in completing the task, then 
better-performing students may spend more time on a task. At the same time, more proficient 

students work more fluent ly and thus faster on tasks, and this could exp lain a negative association 
between success and time on task (Goldhammer et al., 2014). 

W hich effect dominates - greater care or greater fluency - is a matter of empirical investiga tion, 

and may vary depending on task demands, as well as on external time pressures.5 Tasks that lend 

themselves to automatic processing w ill give rise to a negative association betw(.>en time on task 

and periormance. Tasks that instead require students lo regulate their cogni tive processing more, 
and that can not be solved without the act ive engagement of students, will give rise to positive 

assoc iat ions. 

• Figure 7.5 • 

Time on tasks in the unit SERA/NG, by performance categories 
Median time spent on each task, in seconds (OECD average) 

• All tlu ~>e S[RAING L1sh corr~'Ct 
D Two SERA/NG tasks correct 
0 A! mD5! one of lhe th,ce SERA/NG task, <:orr~>ct _ _ ,.! 

'" 
120 2io 

Note: The hor izonta l axis is in loga rithmic scale: e.1ch tick cor,esponds to a doubling in 1he value 
S011rce, OECD, PISA 2012 D,1tabase, Table 7.2 
S~a~Lim< 111:i:N http: //<t,,..<b! .org/10 . 1787/88893l2Sl39:l 

TI1e third and most difficult task in the unit SERA/NC illustrates the complex relationship 

betw(.>en time on task and performance (Figure 7.5). In Tasks 1 and 2 of this unit. the strongest 

students, i.e. those who are able to solve all three SERA/NG tasks correctly, work faster than 
weaker students, on average. This is consistent with the observat ion that lhese tasks are relatively 

straightforward. Even Task 2 lends itself to automat ic processing. Although it requires several 

steps to find the solution, students who fo llow the expected path do not run into unexpected 
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~ impasses, and the type of nav1ga t1on they are asked to perform - narrowing down the search 

whi le moving towards a solution - is relatively linear, and corresponds to a familiar structure that 

is often encountered on line. 

ln contrast, several features make Task 3 more demanding. To start, students need to work on 

two websi1es at the same time (a webmail site and the Seraing website). TI1ey must use several 

navigation tools (tabs and links), and need to navigate back and forth across pages. ln addition, 
students need to use their short-term memory to contrast two descriptions and then encapsulate 

one of the differences found in these descriptions in an argument stating their preference. Not 

surprisingly, the strongest students are those who take the longest time to reach a solution. 

lnd<..>ed, this task requires high levels of metacognitive regulation in order to select a strategy, 

apply adequate cognitive processes at each step, and sustain effort throughout the task. 

Success rates on Task 3 vary significantly across countries. For the most part, these differences are 

in line with overall performance differences across countries/economies. TI1e main excep1ion is 

Korea, where fewer students solved the task correctly than across OECD countries, on average 

(Tables 3.1 and 7.3). 

Analyses of time spent on this task reveal that students' willingness and ability to sustain and 

regulate effort in demanding tasks may play a major role in between -country differences in 

petformance. On average across OECD countries, 41 % of students received full credit for Task 3; 

32% of students were able to solve the task correctly in less than seven minutes; and a further 9% 
took seven minutes or longer to solve this task correctly (Table 7.3). The latter group of students 

shows remarkable persistence in a task that may be at the upper limit of their ability.6 

r:igure 7.6 shows that in Australia, Canada, r:rance and the United States, more than four in 

ten studen1s were able to solve Task 3 correc1ly in less 1han seven minutes, a higher prOfX)rtion 

than on average across OECD countries. However, after including slower but persistent students 

who were able to solve Task 3 accurately, but needed more than seven minutes to do so, other 
countries performed on par with or sometimes better than this group of countries. In Singapore, 

38% of students succeeded on this task after spending more than seven minutes working on 

it - making it the most successful country in completing this task. ln Hong Kong-China, Ireland, 

Japan, Macao-China and Shanghai-China, more than one in six students belong to this group of 

relatively slow, but highly persistent students. 7 

These first results based on log files show how measures of students' use of time during the PISA 

tL>st can be related to cognitive and non-cognitive aspects of students' performance at both ends 

of the performance distribution. The findings relate the variation in students' reaction time and 

time on task to their ease with and motivation to complete different tasks. Further work is required 

to invL>stigate the robustness of findings based on case studies. Such work may also extend the 

ana lyses of timing data recorded in log files to other aspects, such as task dependencies and 

order effects. Does the time required to solve the previous task influence students' wi lli ngness 

and ability to solve the next task? Do students allocate time and effort differently at the beginning 

and end of the test? Do students strategically allocate time to tasks, skipping questions when they 

recognise them as "too hard to crack"? 
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• F1gure76 • ,~ 

Students' perseverance and success 
Percentage of students who succeed on Task 3 in the unit SE RAJ NG, by time spent on the task 

D Fu ll e rr.di! in k'S~ th,m 4 minul<.'> 

0 Full creditin4to7minutc,; 

Countries and economies are ranked in descending order o f the percentage of ,iwden/i; who :;olved Task 3 in less lh,1n 
5even mi nu/es and obtained full credil for their solution 
Source: O ECD, PISA 2012 Database, Table 7.3 
St:att.lt>k _.,. http ,//<lx.<bi.ou;i/10.1787/88893J:lSl4CM 

HOW DO STUDENTS NAVIGATE A SIMPLE WEBSITE? 

The unit SERA/NC is built around the fictional website of a city (Seraing). Tl1e structureofSeraing's 

websi te corresponds to a hierarchical hypertext, a relatively common structure encountered on 

line (Figure 7.7). Hierarchical hypertexts have a branching structure that resembles a tree and 
have been found to facilitate information retrieval, compared lo linear or networked structures 

(Mohageg, 1992). The typical navigation sequences on these websites have one beginning 

(the "home page") but many possible endings, depending on decisions made by the reader. 

Readers who search for information in hierarchical sites typically move to the next level at each 
step, thus narrowing down their search. In addition to movements across levels along "branches", 

in Seraing's website studen ts cou ld also move across pages belonging to the same hierarchical 

level by means of a navigation menu, a feature that is often present in real websites as well. 
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~ • F1gure77 • 

Hierarchical structure of Seraing's fictitious website 

l evel1 

Lcvel 3 

Note, •rop Levd", "Level t·. ·Level 2" and "Level 3" indici!le hier<1<chic.1l lwels: Level J p,1ges can only be acceswd from 
thcTopLevelbygoingthroughaLevd 1 and a Levell page first. 
Source: Australian Council for Educational Research (2015), " PISA examples of compute.-based items: Digita l Reading 2012: 
SERA/NG", http ·/kh 'l"I accrri:h au/inch php1cmd-tofra'0J"' (accessed JOApfi l 2015). 

figure 7.8 shows which pages are available for navigation and were coded as relevant in each task. 
Pages are identified by a title that describes the content, and by a unique code (not v isible to the 
student) used for the purpose of analysis. The first and second tasks in the unit SERA/NG start on 

the home page, which is the websi1e's top-level page. Several thematic portals can be found at the 

first level, and detailed information is provided at the second and third k•vels. The third task starts 

on a mailing \vebsite; students can reach Seraing's website by dicking on a link embedded in an 
e-mail. As shown in the figure, there is on ly one relevant page in Task 1; there are six relevant pages 

in Task 2, which form two efficient navigation paths; and there are 12 task-releva nt pages in Task 3, 

seven of which appear on Seraing's website, and five appear on the mailing website. 

Several links on the website were intentional ly "broken", and students who clicked on them 

landed on pages with "no content available", and received immediate feedback inviting them 

to go back to the previous page. There are two such pages, one at Level 1 of the hierarchy, one 

al Level 2. TI,ese pages may not be perceived as the same page by students but are counted as 
such throughout this report. 

Successful and unsuccessful navigation in Task 2 in the unit SERAING 
Task 2 in the unit SERA/NG corresponds to a relatively common, if simple, online search task. 

The task requires students to identify the movie to be shown in the Community Cultural Centre 

during the first week of November, information they can find on the third level of the hierarchy. 

17 6 OOE(D201~ STUDENTS. CO.'ll'VTERSANO LEARNING: MAl(ING THE CONNECT ON 



"""'""'"'""'"'""'~mo,ow,o,o"m~~~•m•""'"''"~'ru""io~ 

• F1gure 7 8 • ,~ 

List of page codes and relevant pages in the unit SERAING 

rAGE COOE PAGE NAME 

E002l'01 

E002l'03 Community Cultural Cenm, 

E0021'08 Communil Cultural Centre: £vent type 

HHl21'11 Community Cul1u,al Centre: Event 'Y"" - Concens 

Commun ii CullLJt,11 Centre: Event t1'1>e - Mad re<Jeus I 

Community Cultural Centre: Newslette< 

Communil Cultural Centre: lechnical descriotkm 

[I]Startingpage 
[J[)Relev.ontpage 
rnJNoo-relevantpage 
QN01al<lilablelorthis 1a,l: 

l002P20 Cornmunil CulluralCentre:Accessibility 
E002P21 "7CM=,=,.,,=L;nc'k,=~-------+~--+-~-t-==-

E0021'27 

E002P28 

Centre:ACT U 

t0021'29 Confirm,1tionfors,,n,Jin thereil em.1 il 

Note: The PISA digital ('('ading unit SERA/NG can be see11 at !he website bnn-Urh,w1 iKN edo a,,/index pbpi'cmd taEraJQt' 
(access,~ J OApril2015). 

On average, four out of five of students across OECD countries solved this task correctly 

(Table 7 .5) . TI1e most efficient navigat ion sequence involves visiting three pages beyond the 

starting page (three steps) (Figure 7.9). Students may fail this unit either because they make wrong 
decisions at one or more points in their navigation, or because they fail to continue navigating 

for JS long JS required. 

Figure 7.9 contrasts the behaviour of successful and unsuccessful students. The figure shows the 

main navigation pa1hs in this task (not al l paths are shown). Arrows indicate possible steps along 

these paths: blue arrows indicate task-relevant steps (from relevant to relevant pages), whereas 

black dolled arrows indicate other kinds of steps (missteps, corrections, and task-irrelevant steps). 
For each step shown in these figures, a number counts the frequency with which it is recorded in 

students' log files. Students could exit the navigation to give an answer or move to the next task 

at any point; such decisions are shown by grey arrows. 
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~ • F1gure79 • 

Navigation behaviour in Task 2 in the unit SERAING 

l'l succcssful studcnts 

""'" 

II Unsuccessful students 

Level l 
3 5S4.iud,:,ms 

i 
2,~::1!m. Ii 

Nolt.>s: The figure shows the m,,;n pages available for viewing and the ma in n.1vig.1tion pmhs in this task (JlOI al l p.11hs are shown) 
Blueandblack<lonedarrowsindicatepossib lestepsl>etw~npab,e-;:blueanowsindica!c task-relcvant steps (from relevant 
to relevant pages), wtic,easblackdotteda11mvs indicateothff kindsofstcps(misstt.'!)S, co rrections, and task-irrelevant 
steps).Grcydottedauowsindicak! thelastpab'<!Visitedbeforecndingnav;gation.F0<,:,achstepshowninthesefigures,the 
nurnberofcases reco,dedin logfilesisindicatednextto !hearrO'>vs (numbcrsareum,-eightt.'<l) 
Pagesa,cplacedbascdon the ir positionat diffe,e11t levels i11 thehie,a,chi c.:, I hypertext Relev.:intpagesa,ehighlightcd in 
blue. Non-<elcv.:int p.1gcs having the !<!me position in the hiera rchy we,e grouped to simplify expos ition 
Source: OECD, PISA 2012 Datab.:isc, Tablc 7.4 
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Figure 7 9 clearly shows the two eff1c1ent nav1gat1on seque ces TI1e first goes through the ,~ 

"Date" page, the second through the "Event type" page. Panel A in this figu re shows that successful 
students were more likely to visit the "Date" page than the "Event type" page, after reaching the 

portal of the Community Cultural Cent re. This may be related to the fact that the former link 

appears above the latter in the navigation menu, and is therefore more prominent. It is also 
likely that students who solved this task perceived a closer match between the question and the 
stimulus text for the former link ("November" - "Date") than for the latter ("film" - "Event type") . 

Indeed, some students who initially followed the "Event type" path reverted to the "Date" path 

in their next step, when continuing on the "Event type" branch would have required them to 

match the question stem ("fi lm") w ith "Cine-club" among a list of 12 possibilities (including some 

potential ly overlapping categories, such as "Various" o r "Shows for children"). 

The top-left part of Figure 7.9 also shows that some 1 571 students (30 974 minus 29 403), 

reprL>senting 5% of all students who solved this item correctly, did not, in fact, reach the thi rd 

level of Sera ing's website du ring their navigation, but nevertheless gave the correct answer. Of 

the 30 974 students who gave the correct answer, only 29 403 reached Level 3 . If their log files 

are complete, this means that they gave a guess answer. Given that this is a multiple-choice item 

where students had to select among four options, it can be est imated that for each correct guess, 

there should be about three times as many incorrect guesses. lndeed, further analyses show th at 

5 251 students, represent ing 71 % of the unsuccessfu l students, similarly tr ied to give an answer, 

despite the fact tha1 they had not reached the third level of Seraing's websi1e. 

Why did students fail to answer this question correct ly? Panel B in figure 7.9 shows that a majority 

of the unsuccessful students (3 991 students) did not perform any aclion other than attempt a guess 

answer. It also shows that, among the remaining students, those who did navigate the website had 

relatively unfocused brmvs ing behaviour, on average. Visits to non-relevant pages are much more 

likely to be observed among students who fa iled the task. 

D ifferences between successful and unsuccessful students in the quanti ty and quality of navigation 

are confirmed by the indicators of navigation used in Chapter 4. Figure 7.10 shows that successful 

students had longer navigation sequences (four navigation steps) than unsuccessfu l students (three 

navigation steps), on average. It also shows that unsuccessful students had a larger number of non­

task-relevant steps (missteps, corrections, task-irrelevant steps) than successfu l students, whose typical 

navigation sequence included the thrL:>e required task-relevant steps. In short, the navigation of 

successfu l students is characterised by longer sequences and a more carefu l selection of pages to visit. 

Overall, it is possible to distinguish fou r reasons for fai ling to solve this task, three of which are 

related to navigation . First, stu dents may not have navigated the website and simply remained on 

the Sera ing home page. Second, students may have ended their navigation at some po int along the 

task-relevant path before reaching the page conta ining the crucia l information to solve the task. 

Third, students may have deviated from the task-relevan t navigation path, ending their navigation 

on a non-relevant page - perhaps they were lost after a misstep. Finally, some students may have 

completed thei r navigat ion as expected, by visiting either the "November" or the "Cine-dub" page, 

but nevertheless failed to give the correct answer. 



~ o,,,o ,oomouo,oo,o,mo,oweo, o""'n~~•••" "'"" 'm,,ruo~ 

~ • F1gure7 10 • 

Quality and quantity of navigation steps in Task 2 in the unit SERAING, 
by performance on the task 

: p 
0 1 

DECO average values 

• Task-1elevant steps 
0 Miss!cps 
0Corrections 
0T.isk- irre lev,1nt sk>p, 

0.7 11:0:,1. 

! IJ'l lo.4 11 0.1 

So urce: OECO, PISA 2012 Oa t,1base, Tabl,:, 7.5 
lttp, //d>: . <k>i .org/10.1781/8889ll25l410 

• Figure 7.1 1 • 

5Naviga1ion,tcys 

Navigation behaviour of students unsuccessful 
on Task Z in the unit SERA/NG 

1 • No navigation O Incomplete n,wigalion 
• Uncorrected missteps O Complete navigation 

0Taskn~ reached 

10 1·s io is 3{) 3"5 40 % 

Cmm/ries ;ind economies are r;inked in ,1scendillgorder of 1he 5hare of swdems wirh no credil for Task 2 in rhe unir SERAING. 
Source: OECD, PISA 2012 Oat;i base, T,1blc 7.5 
St:ati ft1k .llli':i-http,//d>t.<k>i."'9/l0 .1787/8889JJ25J.4:lO 
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Across all countries/econom1es, most students who were unsuccessful m this item have nav1gat1011 ,~ 

related mistakes recorded in their log fik>s. In detail, on average across OECD countrit.'S, 9% of 

students did not attempt any navigation step in this item. However, in Korea, Macao-China, 
Shanghai-China, Singapore and Chinese Taipei, less than 4% of students did not try lo navigate 

in this item. By contrast, an average of 3% of slUdents completed the navigation but still failed 

to select the correct answer; in Spain and France, this was the case for more than 5% of students 

(Figure 7.11). 

IMPLICATIONS OF THE CASE STUDY FOR COMPUTER-BASED ASSESSMENTS 
The analyses of reaction time and of time on task, as well as the detailed description of students' 

navigat ion behaviour, based on data recorded in log files for a single unit in digital reading, 

illustrate thrt.'e advantages of computer-based asst.-ssments. 

First, the detai led information on the interactions of unsuccessful students with assessment tasks 

may be used to improve the ability to measure proficiency at lower ends of the performance 

distribution. In particular, the scoring rubrics could be expanded to give partial credit for certain 
elementary processes observed in isolation, in addition to giving credit for the joint product of 

these processes (task success). For example, partial credit cou ld be awarded to students who 

understand the simple instruction HFind the page for the Community Cultural Centre" and click 

on the corresponding link. 

Second, log files often revea l to a greater extent than students' answers alone what the most 

frequent mistakes are, and allow for investigating the reasons behind them. This information, in 

turn, can be used to identify learners' profiles and improve teaching practices. In mathematics, 

there is a long tradition of identifying common mistakes on assessment tasks in order to diagnose 
misconceptions and weaknesses among students. Teachers use this to inform instruction and 

design learning experiences (OECD, 2005; Wiliam, 2010) . Furthermore, existing studies at 

the national level have similarly analysed the traces left by students on PISA paper booklets 
(OECD, 2013b; DEPP, 2007). However, such ana lyses have been limited by the fact that few 

students (about 10% in the case of France) actually leave traces of thei r reasoning on paper 

booklets . The data captur< .. ->d by a computer system can expand the possibilities for such analyses­

at lower cost. 

In addition, the above analysis shows that several invalid K>st-taking behaviours, such as guessing, 

can be detected in on-screen tests. This, in turn, may lead to significant gains in the precision 
of performance measures derived from test answers. In the PISA computer-based assessment of 

problem solving, for instance, severa l multiple-choice items were designed to require certain 

interactions to arrive at the correct solution and were scored as correct only if these interactions 

had been recorded in log files (OECD, 2014). 
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~ Notes 

1. The correlation of the sum of scores on SERA/NC tasks with the la tent performance measure (PVl CREA) 

is0.68. 

2. NAction" refers hereto mouse clicks only (on a link, a tab, o n an answer op1ion, or elsewhere on the f).)ge) . 

Mouse scrolls or keyboard strokes ;ire not recorded in the data used fo r 1his analysis 

3. Percentages refer to the pooled s..1mple with st udents from all cou ntries and economies 

4. There are only few studies in which comparable, timed fluency tasks were administered across languages 

a nd orthographies. Most of these are not based on representative samples, focus on younger students, a nd are 
confined to European L1nguagtc.s (e.g. Frith, \<\/jmmer ,111d Landerl, 1998; Mann and Wimmer, 2002; Seymour 

1,t ;ii _, 2003 ). It i> not de;ir how well their resu lt, Ciln be genera lised to the po pulat ion level and to later >1ages 

in the dcvelo pmen1 o( reading proficiency, ;ind how other langu;iges would comp¥e (also see Ab;idz i, 20 11 ). 

5. The PISA computer-based test in 20 12 w;is a timed test: students h,ld 40 minutes tocomple1e,1II que,l ions 

in their (orms. Questions had been used in a Field Tri ;il, and the length o( test forms was determined, a(1er 

the Field Trial , to ensure that approximately 80% of al! students (across countries) would complete the test 

without running in to the time limit. 

6. Only fu ll -credit ;inswers ;ire con, idered here, for two reasons. First, there were few student> who rt..'Ce ived 

parti;il credit. Second, st udents could have rece ived p;irti;il credit without n;iviga1ing the Seraing website 

a1 ,111, ;it least in theory. Only students receiving fu ll c redit demonst r.:it e the kind of skills th;i t justify the 

classification of th is item ilS "complex~ w ith in the read ing framework 

7. Between..;ountry d ifferences do not change much by whether students see th is task towards the middle of 

the 1e>1, or at the end of i t. X>c Table 7.3 for fu ll results 

Chapter 7tablL>sar,:,avai la bleonlineat bttwUdxdnimelJQ]Z371888'f\rZZ9]] . 

Nokn..-garding lsracl 

The>tatis!ical da ta fr~lsrael a,esuppliedbyandunde.. the responsibilityof the ,-,:, levan t Israel i a uthorities. Theu,e 
of >uch data by !he OECD is without p,-,:, judice to the status of the Golan He ights, East Jerusalem and Israel i set!IL>ments 
in the West Bani< under the terms ol intematiooal law. 
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For the first time, today's parents and teachers have litt le, if any, experience 
with the tools that children are go ing to use every day in their adul t lives 
This chapter discusses the implications for education policy of the need to 
equip students with the fundamental skills required to participate fully in 
hyper·connected, dig it ised societies. 
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Using complex tools to solve everyday problems is a defining attribute of our species 

Generation after generation, parents raised their children to use the tools with which they 

were familiar. Later on, some of the more ingenious children tweaked their ancestors' tools and 

invented new ones. But never before the advent of electronic computers and, more recently, 

of Internet-based services, did such a large fraction of humanity change their everyday habits 

and tools in such a short time. Within a couple of decades, the tools used in most trades and 
for such basic acts as communicating, gathering information, keeping records of the past or 

drawing plans about the future were replaced by digital ones. For the first time, today's parents 

and teachers have little, if any, experience with the tools that children are going to use every 

day in their adult lives. 

It is easy to feel over\vhelmed by the changes that occurred over the past few generations. 

Surely such a deep and rapid evolution, affecting our daily lives, must have consequences on 

the processes and content of education as well; the abundance of irrational fears or enthusiasms 

about the impacts of technology on our lives would have anyone bel ieve so. But is there evidence 

to confirm it? This report aims to document the changes that occurred - and did not occur - in 

the education and lives of young pL"Ople following the rise of digital technology using data from 

the OECD Programme for International Student Assessment (PISA). 

In the past 25 years, schools and families around the world spent a substantial amount of money 

on computers, Internet connections, and software for educational use (Chapters 1 and 2). 

By 2012, in most OECD countries less than 2% of 15-yea r-old students lived in households 

without computers (Figure 1.1 ). And in half of the 34 OECD countries, 15-year-old students went 

10 schools that had at least one computer connected to the ln1ernet available for every three 

students. In Australia, an early leader in investments in educational technology (OECD, 1999), 

1here was one such computer for every student (Table 2.11 ). 

Empowering young people to become full participants in today's digital public space, equipping 

them with the codes and tools of their technology-rich world, and encouraging them to use 

on line learning resourct'S - all while exploring the use of digital technologiL>S lo enhance existing 

education processes, such as st udent assessment (Chapter 7) or school administration - are goals 

that justify the introduction of computer tL>chnology into classrooms. 

DIGITAL TOOLS ARE OFTEN COMPLEMENTARY TO SKILLS, BOTH BASIC 
AND ADVANCED 

Technological changes in society raise fundamental questions about the role of education and 

sc hools. What should students know and be able to do? What is the value of knowledge that has 

been traditionally acquired in school, when so much information is available on line? 

Most schools and teachers did not directly influence the pace at which computers were 

in1roduced into workplaces; nor did they decide that personal communications should happen 

over the Internet. rather than in face-to-face meetings or using the telephone. Yet the skills th at 

are typically learned at school play a crucial role in determining whether a student adopts digital 

technology and can benefit from it. 
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Today even simple 111teract1ons and transactions often require writing and reading, rather 

than speaking and listening - e.g. asking information from a help-desk, making a professional 
appointment, sharing information with team members, etc. As a consequence, students who 

leave school without sufficient reading and writing skills may be even ll->sS able to participate fully 

in economic, social and civic life than they were in the past. 

The increasing importance of reading and writing in daily life is one of the reasons why the benefits 

of digital technologies are unevenly shared across high-skilled and low-skilled individuals. ln 
addition, the fact that computers and digitally enhanced machines, or robots, can perform many 

tasks at a lower cost than human workers means that the skills that complement new technologies 

are in increasing demand. The greatest benefits accrue to those who have the ability to design 

digital solutions, adapting or creating machine algorithms to fit one's needs. These capacities 

build on advanced reasoning and problem-solving skills and require good mastery of symbolic 

and formal language. They often build on related skills acquired in mathematics courses. 

TEACH THE FOUNDATION SKILLS THAT ARE NEEDED 
IN A DIGITAL ENVIRONMENT 

ln a world that is rapidly embracing digital technology as the main medium of communication, 

students need to be able to gather and use online information (Chapter 3). They must be familiar 

with the text formats encountered on line in order to learn to navigate through the web critically 

and successfully. As a matter of fact, 1he typical texts encountered on line require certain reading 

processes, such as evaluating the trustworthiness of sources, drawing inferences from multiple 

texts, and navigating wi1hin and across pages, more than do traditional prin1ed 1exts. All of these 

processes can be learned and practiced in school settings (Chapter 4). 

Reading in the digi1al medium builds on reading skills acquired in a non-digital environment, 

but also relies on good navigation skills. Navigation, in turn, requires metacognitive regulation, 

the ability to organise complex hypertex1 structures into a coherent men1al map, experience in 

evaluating the relevance of pages, and a repertoire of effective strategies for reading on line. 

Without 1hese, students find themselves digitally adrift. 

The most successful countries and economies in the PISA digital reading assessment have similar 

visions of the importance of digital skills for today's studen1s. But they differ in the level of use of 

information and communication technologies OCT) in schools. 

Singapore and Korea, the two highest-performing countries in digital reading (Chapter 3) and 

among those countries where the quality of students' web-navigation behaviour is highest 

(Chapter 4), have excellent broadband infrastructure (ITU, 2014) and high levels of familiarity 

with computers among 15-year-olds students (Chapter 1 ). Yet students are not more exposed to 

the Internet in school than are students on average across OECD countries. Despite this, most 

students have a good mastery of the strategies that assist them in online navigation - in addition 

to performing strongly in all domains assessed in PISA. This suggests that many evaluation and 

navigation skills may be acquired more easily if students are already proficient in higher-order 

thinking and reasoning processes in other domains. 



8,-u~n••• o, ., •••• "~""'"°' ,o, ,~,~-~ua ••• ~"°"' .. 
"" 

In Austra lia another high perform111g country where students demonstrate strong ability 111 
browsing the web, the Internet is used during school hours to a greater extent than in any other 

countiy that participated in the optional ICT familiarity questionnaire in PISA 2012 (Chapter 2). 

JCT is represented in two ways in the Australian Curriculum - within the "Technologies learning 

area curriculum"; and through the "ICT general capability", which is embedded across all 
learning areas of the curriculum. TI1e learning continuum for the JCT general capability describes 

the knowledge, skills, behaviours and dispositions that students can reasonably be expected 

to develop at particular stages of schooling. 1 This framework guides teachers and industry in 

creating the educational resources that promote proficiency in the use of electronic sources of 
information, and helps to ensure that students develop useful skills in their time on line, such as 

planning a search, locating information on a website, evaluating !he usefulness of information, 

and assessing the credibility of sources. 

Studying online resources at school can not only help to develop digital reading skills, but also 

expand the diversity of topics, genres, and sources that are used in class. Greater diversity of 

reading materials, in turn, can lead to greater enjoyment of read ing. PISA data collected in 2009 

show that the share of students who do not read anything for enjoyment increased since 2000 

(OECD, 201 Oa). Yet there's no question that reading anything for enjoyment is better for student 

performance than reading nothing. By includ ing, among learning resources, those reading 

materials that are favourites among the students who read for enjoyment, teachers can promote 

the habit of reading to the largest number of students (OECD, 201 Sa). 

INVEST IN SKILLS TO PROMOTE EQUAL OPPORTUNITIES IN A DIGITAL WORLD 

Differences in access to digital resources across students of different socio-economic status have 

narrowed considerably over recent years, to the point where, in all but five OECD countries 

with available data, disadvantaged students spend at least as much time on line as advantaged 

students do (Table 5.12).2 Yet, even with equal access, not all students have the knowledge and 

skills to be able to benefit from the resources that are available to them. 

ln the past, the convergence of goods and services, including those related to education, onto 

on line platforms was sometimes described as a great opportunity to bridge existing inequalities in 

access to offline equivalents (think of on line encyclopaedias and massive open online courses). 

And indeed, affordable and widespread ICT devices, particularly mobile phones, have created 

many opportunities to bring education, health and financial services to poor or marginalised 

populations (OECD, 2015b). But the ability to benefit from new technologies seems to increase 

with individuals' and societies' skill levels. Therefore, the move to online services may mitigate 

purely economic disadvantage, but amplify the disadvantage that stems from a lack of access to 

a quality education in the early and primary school years. 

The results presented in Chapter 5 imply that in developed countries, differences in the uptake 

and use of Internet resources are rela ted to the unequal distribution of skills, more than to unequal 

access lo such resources. In our increasingly d igital world, deep and pre-existing social and 

cultural divides also cut into civic engagement in online fora, participation in online learning, 

and the ability to search on line for a better job (e.g. Van Deursen and Van Dijk, 2014). 
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What can schools do to help all slUdents make the most of their access to d1g1tal tools7 Results 

show that if current gaps in reading, writing and mathematics skills are nol narrowed, inequalities 
in digital skitls will persisl, even if all Internet services were available free of charge. The cost of 

Internet services is often only of secondary importance when it comes to participating in status­

enhancing activities. 

This means that to reduce inequalities in the ability to benefit from digital tools, countries need to 

improve equity in education first. Ensuring that every child reaches a baseline level of proficiency 

in reading and mathematics will do more to create equal opportunities in a digital world than can 

be achieved by expanding or subsidising access to high-tech devices and services. 

RAISE AWARENESS OF THE POSSIBLE HARMFUL ASPECTS OF INTERNET USE 
When every child has access to the Internet, parents and teachers can use the educational 

resources that are available on line to foster children's learning. Yet unlimited access to the 

Internet can also have negative consequences for children's development. Those in charge of 

educating today's "connected" learners are confronted with a number of new (or newly relevant) 

issues, from ''information overload" Lo plagiarism, from protecting children from online risks 

(fraud, violations of privacy, online bullying) to setting an adequate and appropriate m1..>dia diet 

(OECD, 2012a; OECD, 2014). 

Previous studies had found negative impacts of extended screen time on adolescents' sleep 

(Cain and Gradisar, 201 O; Hysing et al., 2015), physical activity (Melkevik et al., 2010) and social 

well -being (Richards et al., 2010). Based on the available research evidence, several national 

public health authorities have warned about the possible negative consequences of increas1..>d 

screen time {e.g. House of Commons Health Committee, 2014, p. 85) and issued guidelines that 

recommend limiting children's recreational screen time, typically to less than two hours per day 

(e.g. Council on Communications and Media, 2013; Population Health Division, 2015 ). 

PISA data confirm and extend these findings (Chapter 1). They show that 15-year-olds who spend 

more than six hours on line every day are particularly at risk of suffering from !oweremolional well­

being and of behaving in problematic ways at school, such as arriving late for class or skipping days 

of school. While these findings cannot demonstrate the direction of causality, they suggest that well­

being at school is strongly related to the electronic media diet outside of school. Parents, schools 

and health professionals can work together to monitor and plan children's use of new media. 

Schools should educate students as cr itical consumers of Internet services and electronic 

media, helping them to make informed choices and avoid harmful behaviours. They can also 

raise awareness in families about the risks that children face on line and how to avoid them 

(OECD, 2012b). In addition to protecting children from on line threats, parents must help children 

to balance leisu re uses of ICT with time for other recreational activities that do not involve 

screens, such as sports and, equally important, sleep. 

DEVELOP COHERENT PLANS, INCLUDING TEACHER TRAINING, FOR USING ICT 
IN THE CLASSROOM 
Plans for technology in education sometimes promised to improve the efficiency of education 

processes, delivering better results at lower cost {OECD, 1999; OECD, 201 Ob). Yet the link from 
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more 1echnology to better resu lts 1s far from direct w11h many actors involved in making the 

required changes happen. And the costs are not limited lo devices that need to be bought; they 
include teachers to train, resources to develop and buildings to adapt, as well as the foregone 
benefits of alternative uses of that money {opportunity costs). 

Evidence from PISA shows only a weak or sometimes negative association between the use 

of ICT in education and performance in mathematics and reading, even after accounting 

for differences in national income and in the soc io-economic status of students and schools 

(Chapter 6). In most countries, students who make some use of the Internet al school, for 
instance, tend to be better at reading, particularly when it comes to understanding and 

navigating on line texts, than students who never browse the In ternet for schoolwork at school. 

Hut other activities, such as using drilling and practice software for mathematics or languages, 

show a clear negative relationship with performance. And more frequent, da ily browsing of 

the Internet at school is also genera lly associated with lower performance (Austral ia is a rare 

exception to this pattern). 

The most rigorous impact studies also show no effects of investmen ts in computers on studen ts' 

non-d igita l performance. W hile there is too Ii Ille credible evidence on this issue, positive findings 

are limi t1..>d to certain contexts and certain uses o f JCT. These include when computer software 

and Internet connections help lo increase study time and practice, or allow teachers to provide 

optimal learning opportunities to students, in which studen ts assu me control over their own 

learning and/or learn collaboratively (see Chapter 6 for a fu ll discussion and references). 

The conclusion that emerges is that schools and education systems are, on average, not 

ready to leverage the potential of technology. Gaps in the digital skill s of both teachers and 

students, difficulties in loca ting hi gh-quality digital learning resources from among a plethora of 

poor-quality ones, a lack of clari ty on the learning goals, and insuffic ient pedagogical preparation 

for blending techno logy meaningfully into lessons and cu rri cu la, create a wedge between 

expectations and reality. lf these cha llenges are not addressed as part of the technology plans 

of schools and education ministries, technology may do more harm than good to the teacher­

student interactions that underp in de<..,p conceptual understanding and higher-order thinking. 

LEARN FROM PAST EXPERIENCE TO IMPROVE THE EFFECTIVENESS 
OF FUTURE INVESTMENTS IN TECHNOLOGY 

When it comes to decis ions about investmenlS in technology, it is easy to discard evidence 

from past experience by pointing at the many differences between "there and then", and 

'' here and now". The devices themselves are likely to differ, if not in shape (laptops ra ther than 

desktops; tablets rather than interact ive whiteboards) at least in their capabili ties. Yet unless past 

disappointment with technology in education can convinci ngly be attributed to the limitations of 

hardwa re (and it rarely can), changi ng the device wi l l not help to avoid the pitfalls encountered 

in previous large-scale education lechnology pl ans. Technology ca n amplify great teaching, but 

great tech nology ca nnot replace poor teaching. In schools as well as in other organi sations, 

technology often increases the efficiency of already-efficient processes, but it may also make 

inefficient processes even more so.3 
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Certa111ly, some of the intended goa ls of current and past JCT 1111tiat1ves are d1ff1cult to measure 

For instance, it is sometimes argued that digital technologies should be seen as a support for 
ua more flexible, learner-centred notion of education" that helps to develop curiosity, creativity, 

collaboration and other "soft skills" vital to 21st-century societies (Livingstone, 2011 ). 

Many other potential benefits fall outside of what PlSA can measure through the performance of 

15-year-old students. The fact that this report does not document them does not imply that they 

do not exist. For example, technology provides great platforms for collaboration among teachers 

and for their participation in continuous professional development, thus empowering them as 

knowledge professionals and change leaders. 

Still, countries and education systems can do more to improve the effectiveness of their 

investments in ICT by being both gradually accepting and sceptical. They can more clearly 

identify the goals they want to achieve by introducing technology in education, and strive to 

measure progress towards these goals, experimenting with alternative options too. TI1is kind 
of clarity in planning would enable them, and other countries and systems, to learn from past 

experience, gradually improving on previous iterations and creating the conditions that support 

the most effective uses of JCT in schools. 

Despite the many challeng<..>s involved in integrating technology into teaching and learning, digital 

tools offer a great opportunity for education. Indeed, in many classrooms around the world, 

technology is used to support quality teaching and student engagement, through collaborative 
workspaces, remote and virtual labs, or through the many ICT tools that help connect learning 

to authentic, real-life challenges. Teachers who use inquiry-based, project-based, problem-based 

or co-operative pedagogies often find a valuable partner in new technologies; and industry 
is developing several technologies (learning analytics and serious games, for example) that 

promise lo exploit the rapid feedback loops afforded by compulers 10 support real -time, formative 

assessments, thus contributing to more personalised learning Uohnson et al., 2014). 

What this shows is that the successful integration of technology in education is not so much a 
matter of choosing the right device, the right amount of time to spend with it, the best software 

or the right digital 1extbook. The key elements for success are the teachers, school leaders and 

other decision makers who have the vision, and the ability, to make the connection between 

students, computers and learning. 
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Notes 

1. The ICT genera l C,lpability is one of 1he seven "gener;i l c,1p.1bi!ities" that inform teaching ,1nd learning 
,Kross ,11 1 school subje<:ts in Austr;alia. The le;irning continuum for ICT gem·!rill capabi li ty c.omprises five 
dimensions: "Applying socia l and ethical protocols and pract ices when using ICT", "Investigating with 
ICT", "Creat ing with ICT", "Communic.iting with ICT", and "Managi ng and operaling ICT". In the ICT 
general capabi lity curriculum documents, learning goals are further articulated across the year levels from 
Foundation to Year 10, wi th examples re la t1c>d to subj{.."Cl areas. This recognises that students devdop their 
ICT capabil ity around its use as well as their abi l ity to transfer and apply it in other sett ings. Furthermore, the 
Austral ian Nationa l Assessment Program (NAP) includes a trienn ial sample populat ion assessment to moni tor 
students' ICT li teracy al the system and nationa l level (Australian Curricu lum, Assessment and Reporting 
Authority, 2015; San1iago et al., 2011) 

2. Among OECD countries, the exceptions are: Chi le, Mexico, Poland, Portugal, the Slovak Republic and 
Slovenia. Data are not available for Canada, France, Lux1;mbourg, the United Kingdom and the United Slates 

3. Microsoft founder Bill Gates expressed th is in the following way: NThe fi rst rule of any technology used 
in a business is 1h,1t autom;Jt ion ilflplied to an efficient operat ion will magni fy the dficiency. The second is 
that automation applied 10 an inefficient operiJtion wi ll magn i(y the inefficiencyN (G,11es, Myhrvold, ,1nd 
Rinearson, 1995, p.136). 
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