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Introduction

Chapter 1

Computer-based assessments are becoming more and more prevalent in the 
educational testing domain and the computer-based assessment of science in 
PISA was envisioned to test a number of important aspects of this methodology 
in comparison to paper-and-pencil methods.  Only three of the PISA countries, 
Denmark, Iceland and Korea, finished this project and those results are reported 
here.
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Key findings from the PISA 2006 Computer-based Assessment of Science

No differences can be identified for countries overall between science achievement on the 
paper-and-pencil test and science achievement on the computer-based test.

Males outperform females on the computer-based assessment of science in all countries.

The gender differences in performance cannot easily be linked to motivation, enjoyment or 
familiarity with computers.

WHAT IS PISA?

PISA (Programme for International Student Assessment) is a triennial survey of the knowledge and skills of 
15-year-olds commissioned by the Organisation for Economic Co-operation and Development (OECD). 
The PISA test of reading, mathematics and science is the most comprehensive and rigorous international 
programme to assess student performance and to collect data on the student, family and institutional 
factors that can help to explain differences in performance. Decisions about the scope and nature of the 
assessments and the background information to be collected are made by leading experts in participating 
countries and are steered jointly by governments on the basis of shared, policy-driven interests. Stringent 
quality assurance mechanisms are applied in translation, sampling and reliability, and can significantly 
improve understanding of the outcomes in the world’s economically most developed countries, as well as 
in a growing number of countries at earlier stages of development.

More than 400 000 students from 57 countries took part in the PISA 2006 assessment. The focus in 
this assessment cycle was on science literacy and the assessment included an optional computer-based 
component assessing scientific competencies. This report focuses on the results from that computer-based 
component (Computer-based Assessment of Scientific Literacy - CBAS) which three countries administered 
(Denmark, Iceland and Korea) and compares their computer-based achievement results to results obtained 
on the PISA 2006 paper-and-pencil assessment of science. More information about the PISA approach 
to reading, mathematical and scientific literacy and the cross-country findings from the paper-and-pencil 
PISA 2006 assessment can be found in the PISA publications at http://www.pisa.oecd.org. The tables and 
charts in this report are based on the PISA International Computer-based Assessment Database, available at 
https://mypisa.acer.edu.au/.

WHAT IS A COMPUTER-BASED ASSESSMENT OF SCIENCE?

Delivery of student assessments via computer is becoming more and more prevalent in the educational 
testing domain as changes are made in assessment methodologies that reflect practical changes in 
pedagogical methods. In Iceland, projects are underway to change the current paper-and-pencil national 
testing platform to a computer-based platform that will be delivered over the Internet and in Denmark, 
the full range of national student assessments have been migrated recently to a computer-based platform. 
Introducing computer-based testing is viewed as a necessary and positive change in educational assessment 
– not only in that it reflects changes in classroom and self-teaching methods that are more and more 
computer-mediated – but also in that it can provide a number of assessment and administration advantages. 

Computer-based assessment:

requires fewer language skills;

can be easier and less costly to administer for schools in that there are no hard copy tests to be printed, 
distributed and returned to the testing institute;
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facilitates complex test design, for example, students in the same test setting can easily be assigned to 
different versions of the assessment;

can present more information succinctly and in a shorter space of time;

can collect more information, such as time taken per item, key strokes made and a student’s movement 
through the questions;

can score electronically directly from student responses, freeing up teacher time usually used for
marking tests; 

is particularly useful in the assessment of science for simulating scientific phenomena that cannot easily 
be observed in real time such as seeing things in slow-motion or speeded-up, for modelling scientific 
phenomena that are invisible to the naked eye (e.g. the movement of molecules in a gas), for presenting 
students with the opportunity to perform repeat trials in limited testing time, or for working safely in lab-
like simulations that would otherwise be hazardous or messy in a testing situation; and

can lead to assessments that have a dual goal of assessing while also assisting learning (for example, by 
providing ‘clues’ to students whose first attempt at the question is incorrect).

This last advantage is particularly important in Iceland where there is high support for a move towards more 
individualised testing. The Educational Testing Institute recently made a proposal to change the national 
testing system in Iceland over to a computerised and adaptive testing system and this has been received with 
enthusiasm by teachers, politicians, schools and parents. This move can be seen as a natural progression 
in Iceland’s long history of national testing, given the extremely high use of the Internet and computers in 
Iceland. Both the PISA 2003 and the PISA 2006 results show that Iceland has the highest rate of 15-year- 
olds with Internet access at home (97.7% in PISA 2006).1 The PISA 2006 results also show that Iceland has 
the second highest rate (after Denmark) of computer access in the home (98.1%) (OECD, 2004, 2007a). 

Given the rapidity with which these methods of student assessment are being implemented in a number 
of settings, current research needs to concentrate on understanding the impact on performance for 
students taking on-line or computer-based assessments compared to paper-and-pencil assessments and to 
design computer-based assessments so that students have the best opportunity to show their true level of 
proficiency. 

Currently, many questions still remain unanswered in terms of the impact of changing testing systems over 
from paper-and-pencil to computer-based and should be considered before major changes are made to 
assessment systems. For example, how much do we know about the effects on answering an item correctly 
by the response requirements? Does it make a difference whether you tick a correct answer on a mark-sheet, 
write text in a paper-based environment or click a mouse, drag and drop or write text using a key board? 
Do spelling and grammar play the same role in computer-based testing as in traditional paper-and-pencil? 
Does a move to on-screen tests affect male and female test-takers in the same way? Can the same types 
of competencies be assessed via computer as by paper-and-pencil methods? Does the move to computer-
based testing affect students in the same way across various subject areas such as reading, mathematics and 
science?

Previous research has in part indicated the psychometric equivalence of computer-based and paper-and-
pencil tests (Mason, 2001; Singleton, 2001; Wilhelm & Schroeders, 2008; Zandvliet & Farragher, 1997). On 
the other hand, other studies have highlighted a small gender difference in performance for tests that are 
performed on computer that was not present when the tests were performed via paper-and-pencil. Gallagher, 
Bridgeman and Cahalan (2000) suggested that females may experience an increase in stereotype threat 
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under the computer-based condition which negatively affects their performance. They reason that “because 
some differences in impact due to testing format (paper-based or computer-based) occur consistently across 
several tests, we can assume that changes in impact are due to changes in format and not to anomalies 
associated with changes to specific test” (p.15). The OECD report on Information and Communication 
Technology in PISA assessments goes further to state that “the more advanced the task, the wider the 
(gender) gap” (p.50, OECD, 2005b). 

Suggestions have been made that males may outperform females on computer-based tests because males 
generally show a higher degree of ICT familiarity than females (OECD, 2005b). Conversely, other research 
has shown that ICT familiarity differences do not affect performance (Taylor, Jamieson, Eignor & Kirsch, 
1998). In terms of test enjoyment for computer-based tests, studies have consistently shown that students 
prefer computer-based tests to paper-and-pencil tests (Singleton, 2001; Zandvliet & Farragher, 1997), 
though the impact of greater enjoyment on achievement remains to be confirmed. Additionally, analysis 
of the impacts of computer-based test type and configuration requires further investigation. A report by the 
Educational Testing Service (Bridgeman, Lennon & Jackenthal, 2001) indicated that test-takers using high 
resolution screens scored higher on a verbal test than test-takers using low resolution screens.

However, a note of caution for interpreting these results is necessary here. When interpreting results from 
previous research, it is important to keep in mind the extremely rapid and largely unmonitored changes 
occurring in the nature of students’ computer use. Types of ICT activities, access to the Internet and time 
spent on the Internet are rapidly changing in almost every country across the world. In the past year prior 
to publication of this report social networking sites popular with high school students such as Facebook 
and LinkedIn seemingly materialised overnight and now have over 70 million users, and an additional 
150 000 users per day (Hoffmann, 2008). Other sites such as MySpace have grown exponentially in 
popularity since their introduction approximately five years ago, as, due to improvements in technology, the 
Internet has become increasingly accessible around the world and people, including 15-year-olds, spend 
more and more time on it. 

Students’ computer use takes place, for the most part, at their homes in their spare time and the necessary 
skills are self-taught or learnt from peers. As a result, it is very difficult for researchers to monitor students’ 
out of school use due to the i) rapidly increasing frequency of use, ii) the changing nature as new trends such 
as Facebook are introduced and almost simultaneously adopted by millions of users around the world, and 
iii) students teach themselves or their peers the skills necessary to use these technologies. As a result, many 
of their activities may ‘pass under the radar’ of parents, teachers and researchers alike. 

Data from PISA 2003 (OECD, 2004) can give an indication of just how much student learning of computer 
skills remains within their peer group.

Table 1 shows the responses to the question that asked students where or from whom they learnt the most 
about how to use computers and the Internet.  The two most common responses are listed here.

The trends data from the last three cycles of PISA support the notion that it may be of little use to take results 
investigating students’ computer use from the past (even from the last five years) and generalise it to today’s 
15-year-olds. Students’ frequent use of computers and the Internet is increasing rapidly and may also be 
changing in nature as new activities are introduced such as blogs, Internet chat and social networking. 
These results are displayed in Figures 1, 2 and 3 where the percentages of students reporting that they have 
a computer at home, have a computer with Internet access, and use the computer almost every day have 
increased at a dramatic rate over the past nine years in the three countries of interest in this report as well 
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Table 1.
Sources of learning about computers and the Internet (PISA 2003)

How I learnt to use the Internet How I learnt to use computers

By myself From friends By myself From friends

Denmark 41.3% 18.4% 28.6% 18.5%

Iceland 47.6% 13.6% 35.7% 14.0%

Korea 52.1% 29.1% 35.7% 32.4%

OECD Average* 33.9% 16.7% 26.6% 14.2%

*OECD Average - mean data for all OECD countries with each country contributing equally to the average

as in the OECD overall. (Note that Iceland and Korea did not participate in the Information Communication 
and Technologies questionnaire in PISA 2000 so their data cannot be displayed in Figure 3 or Figure 4.) 

Figure 4 shows that this pattern of rapid and substantial increases in the frequency of computer use is not 
shared across all types of computer use as, in contrast to use of computers in the home, use of computers at 
school appears relatively stable over time, in the three countries of interest for CBAS and across the OECD 
as a whole.

Figure 1. 
Proportion of students possessing a computer in the home over PISA cycles
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Figure 2.
Average percentage of students with Internet connection at home across PISA cycles

Figure 3.
Average percentage of students using a computer at home almost every day
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OBJECTIVES OF THE PISA 2006 COMPUTER-BASED ASSESSMENT OF SCIENCE (CBAS)

The initial aim of the extension of the PISA 2006 science assessment to include a computer-delivered 
element was to administer questions that would be difficult to deliver in a paper-and-pencil test – the 
relevant questions included video footage, simulations and animations. This also reduced the amount of 
reading required so that students’ science capacity was assessed more directly and the results could more 
accurately reflect their true ability. The development of a computer-based component helped with the 
drafting of PISA science questions and the creation of several procedures including those of automatic 
coding.
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Figure 4.
Average percentage of students using a computer at school almost every day
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Notes

1. Korea and Denmark, the other two countries examined in this report are ranked 5th and 8th at 96.5% and 
95.5% respectively of 15-year-old students having Internet access at home.
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