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PISA 2009 included an assessment of digital reading which was known during the cycle as the Digital Reading 
Assessment (DRA). Chapter 2 dealt with the associated test development activities, test design and framework 
coverage of the DRA. This chapter focuses on the technicalities and functionality of the delivery system and the 
various supporting systems.

iteM authoring tool
Test developers designed a generic browser page as the basis of the stimulus pages. The stimuli were authored in the 
HyperTextBuilder1 (HTB) software. The version of HTB used was specially adapted for and supported web browser 
simulations, simple text editing, e-mail clients and similar environments with dynamic behaviour. The HTB offers a 
wysiwyg-like authoring tool implemented in the open-source Eclipse software2 development environment. From this, 
an executable item can be generated using a model-driven architecture (MDA) approach. For PISA 2009 DRA, a Flash 
description was generated using the asWing3 framework.

online iteM review
The item review activities described in Chapter 2 were conducted using a secure Online Review System developed by 
the Consortium. Each National Centre was provided with one primary account to securely view, rate and comment upon 
each item. Several secondary accounts (as many as requested) were provided so that national experts could securely 
view, rate and comment upon each item. The primary account contained a reporting facility that enabled the National 
Project Manager to view the responses from national experts and collate these into a single response per country through 
the primary account. 

tranSlation
Only English source versions of the items were released for translation (or adaptation for English testing locales). The 
workflows of the translation and verification processes were facilitated with an online translation management system 
(TMS) developed by the Consortium.

Translation of material was achieved by first creating XML Localisation Interchange File Format4 (XLIFF) compliant text 
files, and then translating or editing these files in an XLIFF compatible translation editor (see Figure 17.1).

• Figure 17.1 •
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In addition to requiring XLIFF compliance, the various commercial and open-source translation editors have unique 
XML tag requirements. To prevent the proliferation of XLIFF file types it was decided initially to produce XLIFF files 
compatible with two translation editors for the Field Trial, one commercial, SDL Trados5, and one open source, Sun 
Microsystems’ Open Language Tool6 (OLT).

Trados was supported in the Field trial because it required few modifications to the XLIFF and it is widely used by 
professional translators. However, the OLT was almost universally used in the PISA Field Trial and so only the OLT was 
supported in the Main Survey.

The Translation Management System supported the following workflow:

•	independent double translation of source items;

•	reconciliation of the two translated versions;

•	verification of the reconciled version of the items (verification was the responsibility of the National Centre in the Field 
Trial, and the Consortium in the Main Survey);

•	review by the Consortium Translation referee (Main Survey only);

•	review and edit by the National Centre (including implementation of key corrections as advised by the Translation 
referee; for Main Survey only); and

•	a final check by the Consortium that key corrections were implemented.

The question arose as to whether the whole of the material in the DRA should be translated into the language of 
instruction. It was argued, for example, that it was common for students to browse websites in English even where this 
was not the language of instruction at school. After wide consultation it was concluded that all material that appears in 
the DRA should be translated into the language of instruction for the major domain. This is consistent with the print PISA 
assessment and with the goal to assess reading literacy in the language of instruction. At its March 2007 meeting in Oslo, 
the PGB reiterated that the DRA “should be carried out in the national language of instruction”.

Once translation was completed, national language versions of the test delivery software were provided to national 
centres via downloads from Consortium FTP sites in both Australia and Germany.

School hardware reQuireMentS
The basic hardware requirement for delivering the test was the availability of a suitable PC computer for each student. 
To be suitable, a computer needed to satisfy the following four criteria:

•	be manufactured in 2001 or later;

•	have a keyboard and a pointing device (e.g. a mouse);

•	have a 15 inch or larger colour display; and

•	have at least one accessible USB port (e.g. at the front of the machine).

For the Field Trial, CD was the only delivery media and so a CD/DVD player was an additional hardware requirement. In the 
Main Survey, a USB flash drive version of the delivery system was provided, meaning that a CD/DVD drive was not required. 

For both the Field Trial and the Main Survey, the data were written to and stored on a USB flash drive.

The computers had to be located so that the test could be supervised by a single test administrator, and in such a manner 
that students could not easily observe each others’ screens.

School computer resources survey
For the PISA 2009 Field Trial the Consortium sought to ascertain national readiness to implement the DRA through 
a “school capability survey”. The survey enquired about a school’s computer hardware resources, operating systems 
and boot configurations. The survey was administered online and was available in three languages: English, French 
and German. Thirteen countries or regions participated in the survey: Belgium (Flemish), Canada, Chile, Colombia, 
Germany, Hungary, Iceland, Ireland, Korea, Norway, Scotland, Sweden and the United Kingdom (excluding Scotland).

Across countries, 85% of schools indicated that at least 11 suitable computers were available for DRA in one room. Only 
2.5% of schools indicated they were unable to provide any suitable computer facilities whatsoever. Four per cent of schools 
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indicated that they had Macintosh® computers (with a maximum of 8% in one country). On the basis of this finding, the 
Consortium considered it would be inefficient to develop a parallel delivery system to run on Macintosh computers.

A subset of seven countries included additional questions about the impact of the DRA procedures on the school’s 
willingness to participate in PISA. Interestingly, only 40% of schools indicated that it would affect their decision, with 
34% of schools indicating they would be more likely to participate.

Of particular importance was the finding that, of the 574 schools surveyed that could provide suitable computer facilities, 
71 (12%) indicated they would not allow their computers to be configured to boot directly from a CD or USB drive – a 
condition which was necessary to run the DRA test. However, upon follow-up many of the schools indicated that they 
had simply not understood what the configuration procedure involved, or its benign nature.

Technical problems in the Field Trial
There were three significant technical problems experienced in the Field Trial.

There were reports of the system freezing: the screen froze during navigation and the student could not continue. 
This problem was experienced more in some countries than others and affected between 5% and 20% of students 
undertaking the test. This was overcome in the Main Survey by improving the efficiency of the programme and by 
providing a keyboard shortcut failsafe that would return the system to a usable state.

The second significant problem experienced was the browser crashing during the test, preventing the student from 
continuing. Like the freezing problem, this crashing problem was experienced more in some countries than others 
and affected between 5% and 20% of students undertaking the test. The Consortium’s investigations concluded that 
the crashing problems were mostly caused by insufficient computer resources. This was solved in the Main Survey by 
testing for appropriate memory resources prior to the test through the use of a hardware diagnostic tool. In addition the 
Consortium added an automatic crash recovery mechanism so that in the event of a browser crash, the student would 
be returned to the beginning of the unit they were working on within a few seconds.

The third major technical was that, overall, about 10% of computers would not boot the Field Trial version of the CD. This 
usually happened because the hardware in the computers was not recognised by the delivery system. Non-recognition of 
hardware usually happens either because computers have particularly unusual hardware configurations or, more commonly, 
because the hardware drivers for very recent models have not yet been incorporated into the version of Knoppix7 operating 
system being used. Another reason that the CD might not have booted was that the CD drive was faulty. 

In the Main Survey a USB version was developed which increased the likelihood that the DRA system will boot, because 
there were now two potential boot mechanisms. In addition, a newer version of Knoppix was used in the Main Study.

Hardware diagnostic
To determine a computer’s suitability for delivering the DRA test in the Main Survey, a hardware diagnostic tool was 
distributed by the Consortium. The DRA Hardware Diagnostic was designed in part to emulate the test delivery system 
but it also provided feedback on the computer’s memory, processing power and screen resolution.

The DRA Main Survey test ran either: 1) from a USB alone or 2) from a CD with an accompanying USB to capture the data. 
Correspondingly, the DRA Hardware Diagnostic was provided in two modes – one for USB delivery and one for CD delivery. 

Following the experience in the field trial where some computers lacked sufficient memory and processing resources 
to stably run the test, the Consortium recommended that school computers had at least 512MB RAM and a processing 
power of at least 3 000 BogoMips.8 The Hardware Diagnostic informed whether these recommended levels were met.

teSt delivery SySteM
The DRA test was delivered in schools via a set of software programs (described below) and national versions of the 
items bundled together onto one of two media: CD or USB drive. Regardless of the delivery media, a USB drive was 
required to collect the student data. If the delivery media was a USB drive, that same drive was used to collect the data. 

Generally, three variants of data collection were used by national centres, sometimes in combination:

•	the computers that existed in the sampled school were used to collect the data;

•	laptops with preloaded software were carried into schools and used to collect the data; and

•	students were transported to test centres (Macao-China only).
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An open-source computer-based assessment platform, TAO® (Testing Assisté par Ordinateur),9 was used to sequence 
and store the items, store the results data, facilitate the student navigation, and provide all interface elements such as 
indicating progress through the test. A special fork of TAO 1.1 was used. Substantial development was performed on the 
delivery system to cope with external stimuli and to correct Flash memory problems.

The test delivery system also incorporated the Knoppix operating system and so it did not need to be installed on the 
local computer. Thus, the local computer’s BIOS had to be configured to allow booting of the delivery system directly 
from the CD or USB device. This configuration was often the default setting in school computers but sometimes Test 
Administrators had to enter the BIOS menu and reconfigure the settings.

Knoppix 4 was the operating system used in the Field Trial but was upgraded to Knoppix 5 for the Main Survey to take 
advantage of the inclusion of the latest hardware drivers. Knoppix is a Debian10 Linux11 system modified to enable 
booting directly from DVD. Knoppix 5 was further modified by the Consortium. The modifications included the removal 
of a large number of libraries, drivers and programs that were extraneous to PISA needs, to reduce the system to size so 
that it would fit on a single CD, along with other software components of the delivery system.

The rebranded Firefox browser Iceweasel12 was bundled with Knoppix 5 and was included as a client frontend. The web 
server that was included was a “LAMP” system, consisting of Linux (kernel), Apache (server), MySQL13 (database) and 
PHP14. A licensed version of Adobe® Flash® Player15 was additionally distributed with the delivery system. However, at 
the time, Flash support for Linux was limited and this had some unfortunate, but unavoidable, consequences:

•	the input of right to left languages was not supported;

•	the input of Cyrillic script was not supported; and

•	the input of characters with diacritics was not fully supported.

A range of input method editors were tried for the Chinese, Japanese and Korean character sets during the Field Trial. 
GCIN was eventually selected for the Main Survey for Chinese and UIM for Japanese and Korean. 

Access to the secure test was granted though a PHP login script. The student entered a 13-digit identifier (unique to each 
PISA student within a country). This identifier was then validated by entering a five-digit checksum. The checksum was 
generated by applying a CRC 16 security algorithm to the identifier. The identifier and checksum were communicated to 
the student via a form produced by the KeyQuest student sampling software. A second two-digit identifier (incorporating a 
check sum, also provided by KeyQuest) was entered by the student and allocated the appropriate pre-determined test form.

data caPture and SubMiSSion
Results data were written to the USB after the completion of each unit. The DRA system produced one raw results datafile 
per student. Data were transferred either directly by Test Administrators or from National Centres to the Consortium via 
a secure FTP account.

In addition to results data that contributed directly towards students cognitive scores, the system collected behavioural 
data such as time spent on browser pages, sequence of pages visited, and use of stimulus elements such as drop down 
menus. The timing data from the Field Trial were useful to gauge the appropriate amount of material in the Main Survey. 
Some of the behavioural data were also analysed for Volume 6 of the PISA 200916 international report.

Scoring Student reSPonSeS
Most DRA items were of types for which the responses could be scored automatically on receipt of the student response 
datafiles. The remaining open constructed-response items were collated from the raw results datafiles, and then inserted 
into an Online Coding System (OCS) that was developed by the Consortium to be coded by experts trained within each 
national centre.

online coding SySteM
The user interface for the Online Coding System was localisable – the language elements could be translated into any 
language variant used in the DRA. The National Project Manager was able to create user accounts with different roles:

•	a coding supervisor responsible for organising and managing the DRA coding operation;

•	 leading coders, who played a central role in monitoring the quality of coding, as well as coding responses themselves; and

•	coders
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• Figure 17.2 •
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The relationship between these roles is shown in Figure 17.2.

The quality of coding was monitored by double-coding a minimum of 25% of responses for each item. Any response 
given a different code in second coding from that given in first coding was coded a third time by a leading coder 
(discrepancy coding) and that became the final code. Second coders were not made aware of the code already assigned 
to the response.

In addition, during first coding of items, leading coders spot-checked the work of coders each day. Spot-checking 
involved a review of codes assigned to responses. It was suggested that about 2.5% of first codings should be spot-
checked. 

If a coder was uncertain about the code to assign to a particular response, the response could be marked for review and 
it would be sent automatically to a leading coder for advice.

The OCS provided several reports to help the coding supervisor manage the quality and workflow of the coding process, 
including:

•	completion reports, indicating the total number of response to be coded, the number that had been coded and the 
number remaining to be coded, for each of the three stages of coding: first coding, second coding and discrepancy 
checking; 

•	coder reports giving the number of responses first coded, second coded and third coded by each coder; 

•	 a review report, giving the number of coded responses remaining under review; 

•	discrepancy reports giving the total number of responses first coded by each coder that were second coded, the 
number that required third coding (i.e., the number of discrepancies), the number of times the third code agreed with 
the first code, and the accuracy percentage; and

•	coding history reports giving the coding history for each response – i.e. the first code and coder, the second code and 
coder (if any), the third code and coder (if any); and the final code assigned to the response.
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Notes

1. Developed by DIPF and SoftCon.

2. See http://www.eclipse.org/.

3. AsWing is an Open Source Flash ActionScript GUI framework and library. See http://www.aswing.org/.

4. For a description see http://en.wikipedia.org/wiki/XLIFF. Version 1.1 was current and specifications for this version can be found at 
http://www.oasis-open.org/committees/xliff/documents/cs-xliff-core-1.1-20031031.htm.

5. See http://www.trados.com/en/.

6. Version 1.2.7 was used. See http://java.net/projects/open-language-tools/ for the latest version of this tool. For a general description 
see http://en.wikipedia.org/wiki/Open_Language_Tools.

7. As noted in the “Test delivery system” section in this chapter Knoppix is a Debian Linux system modified to enable booting directly 
from DVD. See http://www.knoppix.net/ and http://en.wikipedia.org/wiki/Knoppix.

8. BogoMips is a measurement of CPU speed made by the Linux kernel. See http://en.wikipedia.org/wiki/BogoMips.

9. Developed by the Centre de Recherche Public (CRP): Henri Tudor and the Univeristé du Luxembourg. See https://www.tao.lu/.

10. See http://www.debian.org/ and http://en.wikipedia.org/wiki/Debian.

11. See http://www.kernel.org/ and http://en.wikipedia.org/wiki/Linux.

12. See http://wiki.debian.org/Iceweasel.

13. An open source database, see http://www.mysql.com/ and http://en.wikipedia.org/wiki/MySQL.

14. PHP is a free web development scripting language. See http://www.php.net/ and http://en.wikipedia.org/wiki/PHP.

15. See http://www.adobe.com/products/flashplayer/ and http://en.wikipedia.org/wiki/Adobe_Flash_Player.

16. For data, see OECD (2011), PISA 2009 Results: Students On Line: Digital Technologies and Performance, OECD Publishing.
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