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Foreword

The OECD’s Programme for International Student Assessment (PISA) surveys, which take place every
three years, have been designed to collect information about 15-year-old students in participating countries.
PISA examines how well students are prepared to meet the challenges of the future, rather than how well
they master particular curricula. The data collected during each PISA cycle are an extremely valuable
source of information for researchers, policy makers, educators, parents and students. It is now recognised
that the future economic and social well-being of countries is closely linked to the knowledge and skills of
their populations. The internationally comparable information provided by PISA allows countries to assess
how well their 15-year-old students are prepared for life in a larger context and to compare their relative
strengths and weaknesses.

PISA is methodologically highly complex, requiring intensive collaboration among many stakeholders. The
successful implementation of PISA depends on the use and sometimes further development, of state of the
art methodologies and technologies. The PISA 2003 Technical Report describes those methodologies, along
with other features that have enabled PISA to provide high quality data to support policy formation and
review. The descriptions are provided at a level that will enable review and, potentially, replication of the
implemented procedures and technical solutions to problems.

This report contains a description of the theoretical underpinning of the complex techniques used to
create the PISA 2003 database, which contains information on over a quarter of a million students from
41 countries. The database includes not only information on student performance in the four main areas of
assessment — reading, mathematics, science and problem solving — but also their responses to the student
questionnaire that they complete as part of the assessment. Data from the school principals of participating
schools are also included. The PISA 2003 database was used to generate information and to act as a base
for analysis for the production of the PISA 2003 initial reports, Learning for Tomorrow’s World — First Results
from PISA 2003 (OECD, 2004a) and Problem Solving for Tomorrow’s World — First Measures of Cross-Curricular
Competencies from PISA 2003 (OECD, 2004b).

The information in this report complements the PISA 2003 Data Analysis Manual: SAS®  Users
(OECD, 2005a) and the PISA 2003 Data Analysis Manual: SPSS® Users (OECD, 2005b), which give detailed
accounts of how to carry out the analyses of the information in the database.

PISA is a collaborative effort by the participating countries, and guided by their governments on the basis
of shared policy-driven interests. Representatives of each country form the PISA Governing Board which
decides on the assessment and reporting of results in PISA.

The OECD recognises the creative work of Raymond Adams of the Australian Council for Educational
Research (ACER), who is project director of the PISA consortium and who acted as editor for this report,
and his team, Alla Berezner, Eveline Gebhardt, Aletta Grisay, Marten Koomen, Sheila Krawchuk, Christian
Monseur, Martin Murphy, Keith Rust, Wolfram Schulz, Ross Turner and Norman Verhelst. A full list of the
contributors to the PISA project is included in Appendix 2 of this report. The editorial work at the OECD
Secretariat was carried out by John Cresswell, Miyako Ikeda, Sophie Vayssettes, Claire Shewbridge and

Kate Lancaster.
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The OECD’s Programme for International Student Assessment (PISA) is a collaborative effort among
OECD member countries to measure how well 15-year-old young adults approaching the end of
compulsory schooling are prepared to meet the challenges of today’s knowledge societies. The assessment
is forward-looking: rather than focusing on the extent to which these students have mastered a specific
school curriculum, it looks at their ability to use their knowledge and skills to meet real-life challenges.
This orientation reflects a change in curricular goals and objectives, which are increasingly concerned with

what students can do with what they learn at school.

The first PISA survey was conducted in 2000 in 32 countries (including 28 OECD member countries) using
written tasks answered in schools under independently supervised test conditions. Another 11 countries
completed the same assessment in 2002. PISA 2000 surveyed reading, mathematical and scientific literacy,

with a primary focus on reading.

The second PISA survey, which covered reading, mathematical and scientific literacy, and problem solving,
with a primary focus on mathematical literacy, was conducted in 2003 in 41 countries. This report is

concerned with the technical aspects of this second PISA survey, which is usually referred to as PISA 2003.

In addition to the assessments, PISA 2003 included Student and School Questionnaires to collect data that
could be used in constructing indicators pointing to social, cultural, economic and educational factors that
are associated with student performance. Using the data taken from these two questionnaires, analyses
linking context information with student achievement could address:

= Differences between countries in the relationships between student-level factors (such as gender and
social background) and achievement;

= Differences in the relationships between school-level factors and achievement across countries;

= Differences in the proportion of variation in achievement between (rather than within) schools, and

differences in this value across countries;

= Differences between countries in the extent to which schools moderate or increase the effects of

individual-level student factors and student achievement;

= Differences in education systems and national contexts that are related to differences in student

achievement across countries; and
= Through links to PISA 2000, changes in any or all of these relationships over time.

Through the collection of such information at the student and school level on a cross-nationally comparable
basis, PISA adds significantly to the knowledge base that was previously available from national official
statistics, such as aggregate national statistics on the educational programs completed and the qualifications

obtained by individuals.

The ambitious goals of PISA come at a cost: PISA is both resource intensive and methodologically complex,
requiring intensive collaboration among many stakeholders. The successful implementation of PISA
depends on the use, and sometimes the further development, of state-of-the-art methodologies.

This report describes some of those methodologies, along with other features that have enabled PISA to
provide high quality data to support policy formation and review. Figure 1.1 provides an overview of the
central design elements of PISA 2003. The remainder of this report describes these design elements, and
the associated procedures, in more detail.

© OECD 2005 PISA 2003 Technical Report



Figure 1.1 m Core features of PISA 2003

Sample size

= More than a quarter of a million students, representing almost 30 million 15-year-olds enrolled in
the schools of the 41 participating countries, were assessed in 2003.

Methods

= PISA 2003 used paper-and-pencil assessments, lasting two hours for each student.

= PISA 2003 used both multiple-choice items and questions requiring students to construct their
own answers. Items were typically organised in units based on a stimulus presenting a real-life
situation.

= A total of six and a half hours of assessment items was created, with different students taking
different combinations of the assessment items.

= Students answered a background questionnaire that took about 30 minutes to complete and, as
part of international options, completed questionnaires on their educational careers as well as
familiarity with computers.

= School principals completed a questionnaire about their school.

© OECD 2005 PISA 2003 Technical Report
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MANAGING AND IMPLEMENTING PISA

The design and implementation of PISA 2003 was the responsibility of an international consortium led by
the Australian Council for Educational Research (ACER). The other partners in this consortium were the
National Institute for Educational Measurement (CITO) in the Netherlands, Westat and the Educational
Testing Service (ETS) in the United States, and the National Institute for Educational Research (NIER) in
Japan. Appendix 2 lists the many consortium staff and consultants who have made important contributions
to the development and implementation of the project.

The consortium implements PISA within a framework established by the PISA Governing Board (PGB),
which includes representation from all countries at senior policy levels. The PGB established policy priorities
and standards for developing indicators, for establishing assessment instruments, and for reporting results.
Experts from participating countries served on working groups which linked the programme policy
objectives with the best internationally available technical expertise in the four assessment areas. These
expert groups were referred to as subject matter expert groups (SMEGs) (see Appendix 2 for members).
By participating in these expert groups and regularly reviewing outcomes of the groups’ meetings, countries
ensured that the instruments were internationally valid and took into account the cultural and educational
contexts of the different OECD member countries; the assessment materials had strong measurement

potential; and that the instruments emphasised authenticity and educational validity.

Participating countries implemented PISA nationally through National Project Managers (NPMs), who
respected common technical and administrative procedures. These managers played a vital role in developing
and validating the international assessment instruments and ensured that PISA implementation was of high
quality. The NPMs also contributed to the verification and evaluation of the survey results, analyses and

reports.

The OECD Secretariat had overall responsibility for managing the programme. It monitored its implementation
on a day-to-day basis, served as the secretariat for the PGB, fostered consensus building between the countries
involved, and served as the interlocutor between the PGB and the international consortium.

THIS REPORT

This Technical Report does not report the results of PISA. The first results from PISA 2003 were published
in December 2004 in Learning for Tomorrow’sWorld — First Results from PISA 2003 (OECD, 2004a) and Problem
Solving for Tomorrow’s World — First Measures of Cross-Curricular Competencies from PISA 2003 (OECD, 2004b).

This Technical Report is designed to describe the technical aspects of the project at a sufficient level of
detail to enable review and, potentially, replication of the implemented procedures and technical solutions
to problems. The report covers five main areas:

= Instrument Design: Covers the design and development of both the achievement tests and questionnaires.

* Operations: Covers the operational procedures for the sampling and population definitions, test
administration procedures, quality monitoring and assurance procedures for test administration and

national centre operations, and instrument translation.

* Data Processing: Covers the methods used in data cleaning and preparation, including the methods for
weighting and variance estimation, scaling methods, methods for examining inter-rater variation and the
data cleaning steps.

© OECD 2005 PISA 2003 Technical Report



* Quality Indicators and Outcomes: Covers the results of the scaling and weighting, reports response rates and
related sampling outcomes and gives the outcomes of the inter-rater reliability studies. The last chapter
in this section summarises the outcomes of the PISA 2003 data adjudication — that is, the overall analysis
of data quality for each country.

= Scale Construction and Data Products: Describes the construction of the PISA 2003 described levels of
proficiency and the construction and validation of questionnaire-related indices. The final chapter briefly
describes the contents of the PISA 2003 database.

= Appendices: Detailed appendices of results pertaining to the chapters of the report are provided.

Programme for International Student Assessment: An Overview
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This chapter outlines the test design for PISA 2003, and describes the process by which the PISA consortium,
led by ACER, developed the test instruments for use in PISA 2003.

TEST SCOPE AND FORMAT

In PISA 2003, four subject domains were tested, with mathematics as the major domain, and
reading, science and problem solving as minor domains. Student achievement in mathematics was
assessed using 85 test items representing approximately 210 minutes of testing time. This was a
substantial reduction in the time allocated to the major domain for 2000 (reading), which had
270 minutes. The problem-solving assessment consisted of 19 items, the reading assessment consisted of
28 items and the science assessment consisted of 35 items, representing approximately 60 minutes of

testing time for each of the minor domains.

The 167 items used in the main study were selected from a larger pool of approximately 300 items that had
been tested in a field trial conducted by all national centres one year prior to the main study.

PISA 2003 was a paper-and-pencil test. The test items were multiple choice, short answer, and extended
response. Multiple choice items were either standard multiple choice with a limited number (usually four)
of responses from which students were required to select the best answer, or complex multiple choice
presenting several statements for each of which students were required to choose one of several possible
responses (true/false, correct/incorrect, etc.). Short answer items included both closed-constructed
response items that generally required students to construct a response within very limited constraints,
such as mathematics items requiring a numeric answer, and items requiring a word or short phrase, etc.
Short-response items were similar to closed-constructed response items, but for these a wider range of
responses was possible. Open—constructed response items required more extensive writing, or showing
a calculation, and frequently included some explanation or justification. Pencils, erasers, rulers, and in
some cases calculators, were provided. The consortium recommended that calculators be provided in
countries where they were routinely used in the classroom. National centres decided whether calculators
should be provided for their students on the basis of standard national practice. No items in the pool
required a calculator, but some items involved solution steps for which the use of a calculator could
facilitate computation. In developing the mathematics items, test developers were particularly mindful to

ensure that the items were as calculator-neutral as possible.

TEST DESIGN

The 167 main study items were allocated to 13 item clusters (seven mathematics clusters and two clusters
in each of the other domains), with each cluster representing 30 minutes of test time. The items were
presented to students in 13 test booklets, with each booklet being composed of four clusters according
to the rotation design shown inTable 2.1. M1 to M7 denote the mathematics clusters, R1 and R2 denote
the reading clusters, S1 and S2 denote the science clusters, and PS1 and PS2 denote the problem-solving
clusters. Each cluster appears in each of the four possible positions within a booklet exactly once. Each test
item, therefore, appeared in four of the test booklets. This linked design enabled standard measurement
techniques to be applied to the resulting student response data to estimate item difficulties and student
abilities.

The sampled students were randomly assigned one of the booklets, which meant each student undertook

two hours of testing.
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Table 2.1 m Cluster rotation design used to form test booklets for PISA 2003

Booklet Cluster 1 Cluster 2 Cluster 3 Cluster 4
1 M1 M2 M4 R1
2 M2 M3 M5 R2
3 M3 M4 M6 PS1
4 M4 M5 M7 PS2
5 M5 M6 S1 M1
6 M6 M7 S2 M2
7 M7 S1 R1 M3
8 S1 S2 R2 M4
9 S2 R1 PS1 M5

10 R1 R2 PS2 M6
11 R2 PS1 Ml M7
12 PS1 PS2 M2 S1
13 PS2 Ml M3 S2

In addition to the 13 two-hour booklets, a special one-hour booklet, referred to as the UH booklet (or
the Une Heure booklet) was prepared for use in schools catering exclusively to students with special
needs. The UH booklet was shorter, and contained items deemed most suitable for students with special
educational needs. The UH booklet contained seven mathematics items, six reading items, eight science

items and five problem—solving items.

The two-hour test booklets were arranged in two one-hour parts, each made up of two of the 30-minute
time blocks from the columns in the above figure. PISA’s procedures provided for a short break to be
taken between administration of the two parts of the test booklet, and a longer break to be taken between
administration of the test and the questionnaire.

DEVELOPMENT TIMELINE

Detailed consortium planning of the development of items for PISA 2003 commenced in March 2000.
Initial planning documents addressed the following key issues:

= Potential contributors to the development of items in the various domains;

* The need to ensure that the frameworks were sufficiently developed to define the scope and nature of

items required for each domain, particularly in mathematics and problem solving;
= The various cognitive laboratory procedures that would be implemented; and
= The major development steps and timeline for the development process.

The PISA 2003 project started formally in September 2000, and concluded in December 2004. Among
the first tasks for the project was establishing the relevant expert committees, including the mathematics
expert group, to revise and expand the framework that had been used for the PISA 2000 assessment. A
problem-solving expert group was also established to develop a framework for that part of the assessment.
A major purpose of those frameworks was to define the test domain in sufficient detail to permit test
development to proceed. The formal process of test development began after the first SMEG meetings
in February 2001, although preliminary item development work started in September 2000. The main
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phase of the test item development finished when the items were distributed for the field trial in December
2001. During this ten-month period, intensive work was carried out in writing and reviewing items, and in
conducting cognitive laboratory activities. The field trial for most countries took place between February and
July 2002, after which items were selected for the main study and distributed to countries in December 2002.
Table 2.2 shows the major milestones and activities of the PISA 2003 test development timeline.

Table 2.2 m Test development timeline

Activity

Period

Develop frameworks

Develop items

Item submission from countries
National item reviews

Distribution of field trial material
Translation into national languages
Ficld trial coder training

Field trial in participating countries

Select items for main study

September 2000 - July 2001
September 2000 - October 2001
February - June 2001

February - October 2001
November - December 2001
December 2001 - February 2002
February 2002

February - July 2002

July - October 2002

Preparation of final source versions of all main study

materials, in English and French October - B ece

Distribute main study material December 2002
Main study coder training

February 2003

Main study in participating countries February - October 2003

TEST DEVELOPMENT PROCESS

The test development process commenced with preparation of the assessment frameworks, review
and refinement of test development methodologies and training of the relevant personnel in those
methodologies. The process continued with calling for submissions from participating countries, writing
and reviewing items, carrying out pilot tests of items and conducting an extensive field trial, producing
final source versions of all items in both English and French, preparing coding guides and coder training
material, and selecting and preparing items for the main study.

Development of the assessment frameworks

The first major development task was to produce a set of assessment frameworks for each cognitive
domain of the PISA assessment in accordance with the policy requirements of the PGB. The consortium,
through the test developers and expert groups, and in consultation with national centres, and with regular
consultation with national experts through the Mathematics Forum, developed a revised and expanded
assessment framework for mathematics. A framework was developed using a similar process for problem
solving. This took place in the latter part of 2000, and during 2001, with final revisions and preparation
for publication during 2002. The frameworks were endorsed by the PISA Governing Board and published

© OECD 2005 PISA 2003 Technical Report



in The PISA 2003 Assessment Framework: Mathematics, Reading, Science and Problem Solving Knowledge and Skills
(OECD, 2003).The frameworks presented the direction being taken by the PISA assessments. They defined
each assessment domain, described the scope of the assessment, the number of items required to assess
each component of a domain and the preferred balance of question types, and sketched the possibilities
for reporting results.

Development and documentation of procedures

The terms of reference for the PISA 2003 contract contained references to the use of cognitive iaboratory

procedures in the development of test items, including the following:

Different from the first survey cycle, the contractor shall also be expected to use new techniques and
methods for the development of the item pool. For instance, cognitive laboratory testing of items may
be useful in filtering out, even prior to the field test, poorly functioning items.

And later, in the project’s terms of reference:

The contractor shall provide evidence from cognitive laboratories that student responses to items on the
assessment are indeed reflective of the cognitive activities they were designed to sample. The contractor
shall develop protocols for collecting input from students that reflects their approaches to the problems
and which gives evidence about how they approached and solved the various problems. Without such
information, interpretations of student response data may reflect a high level of inference.

In response to this the consortium carried out research into practices employed under the title cognitive
laboratories, and reviewed existing item development practices in light of that research. A methodology
was developed that combined existing practices, together with refinements gleaned from the research
literature on cognitive laboratories, which met the requirements of the terms of reference. The methodology
included the following key elements:

= Cognitive walk-through (otherwise known as item panelling, or item shredding);

= Cognitive interviews (including individual think-aloud methods involving the recording of individual
students as they worked on items, cognitive interviews with individual students, and cognitive group

interviews); and

= Cognitive comparison studies (including pre-pilot studies and other pilot testing of items with groups of
students).

Test developers at the various consortium item development centres were briefed on the methodology,
and the procedures were applied as far as possible in the development of all items. Cognitive walk-throughs
were employed on all items developed, cognitive interviews were employed on a significant proportion of

items, and cognitive comparison studies were used for all items.

Item submission guidelines

An international comparative study should ideally draw items from a wide range of cultural settings and
languages. A comprehensive set of guidelines for the submission of mathematics items was developed
and distributed to national project managers in February 2001 to encourage national submission of items
from as many participating countries as possible. The item submission guidelines for mathematics are

included in Appendix 4. Similar guidelines were also developed for the problern—solving domain. The
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guidelines included an overview of the development process and timelines, as well as significant detail on
the requirements for writing items, relationships with the mathematics framework, and a discussion of
issues affecting item difficulty. A number of sample items were also provided. An item submission form
accompanied the guidelines, to assist with identification and classification of item submissions. A final
deadline for submission of items was set as the end of June 2001.

National item submissions

Item submissions in mathematics were received from 15 countries, between January and July 2001.
Countries formally submitting items were Argentina, Austria, Canada, Czech Republic, Denmark,
France, Germany, Ireland, Italy, Japan, Korea, Norway, Portugal, Sweden and Switzerland. Approximately
500 items were submitted, and items were submitted in seven different languages (English, French,
German, Italian, Japanese, Portuguese and Spanish). The smallest submission was a single unit comprising
three items. The largest was a collection of 60 units comprising about 106 items.

In addition to the three consortium centres involved in problem-solving item development (ACER in
Australia, CITO in the Netherlands and a group at the University of Leeds in the United Kingdom), items
were also submitted by the national centres of Italy, Ireland and Brazil. From the submitted material, seven

units (comprising 40 items) were included in the material sent to all countries for review.

Some submitted items had already undergone significant development work, including field-testing with
students, prior to submission. Others were in a much less developed state and consisted in some cases of
little more than some stimulus material and ideas for possible questions. All submitted material required

significant additional work by consortium test developers.

Development of test items

A complete PISA item consists of some stimulus material, one or more questions, and a guide to the
coding of responses to each question. The coding guides comprise a list of response categories, each with
its own scoring code, descriptions of the kinds of responses to be assigned each of the codes, and sample

responses for each response Category.

One other feature of test items that was developed for PISA 2000 and continued for PISA 2003 relates to
double-digit coding, which can be used to indicate both the score and the response code. The double-digit codes
allow distinctions to be retained between responses that are reflective of quite different cognitive processes and
knowledge. For example, if an algebraic approach or a trial-and-error approach was used to arrive at a correct
answer, a student could score a ‘1’ for an item using either of these methods, and the method used would be
reflected in the second digit. The double-digit coding captures different problem-solving approaches by using
the first digit to indicate the score and the second digit to indicate method or approach.

The development of mathematics items took place at one or more of the consortium item development
centres: The ACER in Australia, CITO in the Netherlands and NIER in Japan. Item development in problem
solving was carried out at ACER, CITO and the University of Leeds. Professional item developers at each
of the centres wrote and developed items. In addition, items received from national submissions or from
individuals wishing to submit items (for example individual members of the mathematics expert group also
submitted a number of items for consideration) were distributed among the relevant item development

centres for the required development work.
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Typically, the following steps were followed in the development of items, including both items originating
at the consortium centre concerned and items from national submissions that were allocated to each
consortium centre for development. The steps are described in a linear fashion, but in reality they were
often negotiated in a cyclic fashion, with items typically going through the various steps more than once.
The steps were:

Initial preparation

A professional item writer prepared items in a standard format, including item stimulus, one or more

questions, and a proposed coding guide for each question.

Item panelling

Each item was given extensive scrutiny at a meeting of a number of professional item writers. This stage of
the cognitive laboratory process typicaﬂy involved item writers in a vigorous analysis of all aspects of the

item, including from the point of view both students and coders.

Items were revised, often extensively, following item panelling. When substantial revisions were required,

items went back to the panelling stage for further consideration.

Cognitive interview

Many items were then prepared for individual students or small groups of students to attempt. A
combination of think-aloud methods, individual interviews and group interviews were used with students

to ascertain the thought processes typically employed by students as they attempt the items.

Items were revised, often extensively, following their use with individuals and small groups of students.
This stage was particularly useful in clarifying wording of questions, and gave some information on likely
student responses that was also useful in refining the scoring guides.

International item panelling

All items were scrutinised by panels of professional item writers in at least two of the item development
centres. The feedback provided, following scrutiny of items by international colleagues, assisted the item
development teams to introduce further improvements to the items.

Pilot testing

Every item that was developed was subjected to pilot testing in schools with a substantial number of
students who were in the relevant age range. Test booklets were formed from a number of items. These
booklets were field tested with several whole classes of students in several different schools. Piloting of this
kind took place in schools in Australia, Japan, the Netherlands and Austria. Frequently, multiple versions
of items were field tested, and the results were compared to ensure that the best alternative form was
identified. Data from the field testing were analysed using standard item response techniques.

Items were revised, often extensively, following pilot testing with large groups of students. In some cases,
revised versions of items were again subjected to the pilot testing procedure. One of the most important
outputs of this stage of the cognitive laboratory procedures was the generation of student responses to all
questions. A selection of these responses were added to the scoring guides to provide additional sample
answers, showing coders how to code a variety of different responses to each item.
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At the conclusion of these steps, surviving items were considered ready for circulation to national centres
for review and feedback.

NATIONAL REVIEW OF ITEMS

In February 2001, National Project Managers were given a set of item review guidelines to assist them in
reviewing items and providing feedback. A copy of a similar set of guidelines, prepared later for review of all
items used in the field trial, is appended to this document (see Appendix 5). A central aspect of that review
was a request to national experts to rate items according to various features, including their relevance
and acceptability from a cultural perspective. Specific issues and problems that might be associated with
cultural differences among countries were also identified at that time. Other features on which national
experts commented were interest, curriculum relevance, relevance to the PISA framework, and any other

matters thought to be important by any national centre.

NPMs were also given a schedule for the distribution and review of draft items that would occur during
the remainder of 2001.

As items were developed to a sufficiently complete stage, they were dispatched to national centres for
review. Four bundles of items were sent. The first bundle, comprising 106 mathematics items, was
dispatched on 30 March 2001. National centres were given a feedback form, which drew attention to
various matters of importance for each item, and were asked to provide detailed feedback within four
weeks. Subsequent bundles were dispatched on 3 May (comprising 29 problem-solving items), 3 June
(comprising 28 problem-solving items and 179 mathematics items) and 7 August (comprising 45 problem-
solving items, 115 mathematics items and 38 science items). In each case, NPMs were given four weeks
to gather feedback from the relevant national experts, and return the completed feedback forms to the

consortium.

The feedback from NPMs was collated into a small set of reports, and made available to all NPMs on
the PISA Web site. The reports were used extensively at meetings of the mathematics forum and the
mathematics, problem-solving and science expert groups as they considered the items being developed.
The feedback frequently resulted in further significant revision of the items. In particular, issues related
to translation of items into different languages were highlighted at this stage, as were other cultural issues
related to the potential operation of items in different national contexts.

INTERNATIONAL ITEM REVIEW

As well as this formal, structured process for national review of items, the bundles of mathematics items
were also considered in detail at meetings of the mathematics forum. All PISA countries were invited to
send national mathematics experts to meetings of the forum. At the meeting that took place in Lisbon,
Portugal, in May 2001, all items that had been developed at that stage were reviewed in detail. Significant

feedback was provided, resulting in revisions to many of the items.

A similar review process involving the mathematics expert group was also employed. Meetings of the
group in February, July and September 2001 spent considerable time reviewing mathematics items in great

detail. Problem-solving and science items were similarly scrutinised by the relevant expert groups.
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A further small bundle of late developed or significantly revised mathematics items was prepared, and
reviewed by the mathematics forum'and the mathematics expert group at a joint meeting held in Nijmegen,
the Netherlands, in September 2001.

FRENCH TRANSLATION

When items reached the stage of readiness for national review, they were also considered to be ready
for translation into French. At that time they were entered in a web-based item-tracking database. Test
developers and consortium translation staft used this facility to track the parallel development of English

and French language versions.

Part of the translation process involved verification by French subject experts, who were able to identify
issues related to content and expression that needed to be addressed immediately, and that might be of
significance later when items would be translated into other languages. Many revisions were made to
items as a result of the translation and verification process, which assisted in ensuring that items were
as culturally neutral as possible, in identifying instances of wording that could be modified to simplify
translation into other languages, and in identifying particular items where translation notes were needed
to ensure the required accuracy in translating items to other languages.

ITEM POOL

A total of 512 mathematics items were developed to the stage where they were suitable for circulation
to national centres for feedback, and could be seriously considered for inclusion in the test instruments
for the PISA 2003 study. A further 20 items were retained from PISA 2000 for possible use as link items.
Similarly, a total of 102 new problem-solving items and 38 new science items were developed to this stage,

and circulated to national centres for review.

FIELD TRIAL ITEMS

In September 2001 the items to be used in the 2002 field trial were selected from the item pool. A
joint meeting of the mathematics forum and the mathematics expert group was held in Nijmegen, the
Netherlands, in September 2001 to commence the selection process. Participants rated items, and assigned
each item a priority for inclusion in the field trial pool. A number of items were identified for rejection
from the pool.

The MEG continued the selection task over the two days following, and presented a set of 237 recommended
items to a meeting of NPMs the following week. The problem-solving and science expert groups also selected

items for the problem-solving and science instruments, and presented these to the same NPM meeting,

The consortium carefully considered the advice from the national item feedback, the mathematics forum,
the three expert groups, and the NPM meeting. Consortium item developers made further refinements
to the selection of recommended items where necessary for purposes of balance in relation to framework
requirements, and the consortium selected a final set of items for the field trial. A total of 217 mathematics
items, 35 science items and 51 problem-solving items were selected. Some of the important characteristics
of the selected mathematics items are summarised in Table 2.3, Table 2.4 and Table 2.5.
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Table 2.3 m Mathematics field trial items (item format by competency cluster)

Competency cluster
Item format Reproduction Connections Reflection Total
Multiple-choice response 13 44 22 79
Closed-constructed response 28 31 10 69
Open-constructed response 10 37 22 69
Total 51 112 54 217

Table 2.4 m Mathematics field trial items (content category by competency cluster)

Competency cluster

Content category Reproduction Connections Reflection Total
Space and shape 12 20 7 39
Quantity 19 30 9 58
Change and relationships 11 38 21 70
Uncertainty 9 24 17 50
Total 51 112 54 217
Table 2.5 m Mathematics field trial items (content category by item format)
Item format
Closed- Open-
Multiple-choice constructed constructed
Content category response response response Total
Space and shape 11 12 16 39
Quantity 17 26 15 58
Change and relationships 30 18 22 70
Uncertainty 21 13 16 50
Total 79 69 69 217
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The important framework characteristics of the problem-solving and science items are summarised in

Table 2.6 and Table 2.7.

Table 2.6 = Problem-solving field trial items (problem type by item format)

Item format

Closed-constructed| Multiple-choice | Open-constructed
Problem-solving type response response response Total
Decision making 2 6 12 20
System analysis and design 1 10 8 19
Trouble shooting 0 9 3 12
Total 3 25 23 51
Table 2.7 m Science field trial items (science process by item format)
Item format
Complex
Closed- multiple- Multiple- Open-
constructed choice choice constructed Short
Science process response response response response response Total
Desc.ril?ing, explaining and | 6 4 5 ) 18
predlctlng
Interpreting scientific evidence 0 1 5 8 0 14
.Under.stafldmg scientific 0 0 3 0 0 3
investigation
Total 1 7 12 13 2 35

The mathematics items were placed into 14 clusters, each designed to represent 30 minutes of testing.

Likewise, four clusters of problem-solving items and two clusters of science items were formed. The

clusters were then placed into ten test booklets according to the field trial test design, shown in Table 2.8.

Each booklet contained four clusters.

Table 2.8 m Allocation of item clusters to test booklets for field trial

Booklet Cluster 1 Cluster 2 Cluster 3 Cluster 4
1 M1 Ml11 S2 M2
2 M2 M12 Ml11 M3
3 M3 MI13 M12 M4
4 M4 M14 M13 M5
5 M5 P1 M14 M6
6 M6 P2 P1 M7
7 M7 P3 P2 M8
8 M8 P4 P3 M9
9 M9 S1 P4 M10

10 M10 S2 Sl M1
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The final forms of all selected items were subjected to a final editorial check using the services of a
professional editor. This assisted in uncovering remaining grammatical inconsistencies and other textual

and layout irregularities, and ensuring high quality in the presentation of the final product.

English and French versions of items, clusters and booklets were distributed to national centres in three
dispatches, on 1 November, 16 November and 3 December 2001. A consolidated dispatch of all items,
clusters and booklets, including errata, as well as other material for the field trial, was sent on compact
disk to all countries on 21 December.

National centres then commenced the process of preparing national versions of all selected items. All
items went through an extremely rigorous process of adaptation, translation and external verification in
each country to ensure that the final test forms used were equivalent. That process and its outcomes are

described in Chapter 5.

FIELD TRIAL CODER TRAINING

Following final selection and dispatch of items to be included in the field trial, various documents and
materials were prepared to assist in the training of response coders. Coder training sessions for mathematics,
problem solving, reading and science were scheduled for February 2002. Consolidated coding guides
were prepared, in both English and French, containing all those items that required manual coding. The
guide emphasised that coders were to code rather than score responses. That is, the guides separated
different kinds of possible responses, which did not all necessarily receive different scores. The actual
scoring was done after the field trial data were analysed, as the analysis was used to provide information
on the appropriate scores for each different response category”. The Coding Guide was a list of response
codes with descriptions and examples, but a separate training workshop document was also produced for
each subject area, which consisted of additional student responses to the items, which could be used for
practice coding and discussion at the coder training sessions.

All countries sent representatives to the training sessions, which were conducted in Salzburg, Austria, in
February 2002. As a result of the use of the coding guides in the training sessions, the need to introduce a
small number of further amendments to coding guides was identified. These amendments were incorporated
in a final dispatch of coding guides and training materials, on 14 March 2002, after the Salzburg training
meetings. Following the training sessions, national centres recruited coders, and conducted their own

training in preparation for the coding of field trial scripts.

FIELD TRIAL CODER QUERIES

The consortium provided a coder query service to support NPMs running the coding of scripts in each
country. When there was any uncertainty, national centres were able to submit queries by telephone
or email to the query service, and they were immediately directed to the relevant consortium expert.
Considered responses were quickly prepared, ensuring greater consistency in the coding of responses to

items.

The queries and consortium responses to those queries were published on the consortium website. The
q P q p

queries report was regularly updated as new queries were received and dealt with. This meant that all
national coding centres had access to an additional source of advice about responses that had been found at

all problematic. Coding supervisors in all countries found this to be a particularly useful resource.
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FIELD TRIAL OUTCOMES

Extensive analyses were conducted on the field trial item response data. These analyses included the standard
ConQuest item analysis (item fit, item discrimination, item difficulty, distractor analysis, mean ability and
point biserial correlations by coding category, item omission rates, and so on), as well as analyses of gender

by item interactions, and item by country interactions (see Chapter 9).

On the basis of these critical measurement characteristics, a proportion of the field trial items were
identified as having failed the trial and were marked for removal from the pool of items that would be
considered for the main study.

A timing study was conducted to gather data on the average time taken to respond to items. A multiple

coder study was carried out to investigate the inter-coder reliability of manually coded items.

NATIONAL REVIEW OF FIELD TRIAL ITEMS

In addition, a further round of national rating of items was carried out, with a view to gaining ratings of
field trial items informed by the experience at national centres of how the items actually worked in each
country. A set of review guidelines was designed to assist national experts to focus on the most important
features of possible concern (Appendix 5). Almost all countries submitted this final set of priority ratings
of all field trial items for possible inclusion in the main study item pool.

Further, a comprehensive field trial review report was prepared by all NPMs. These reports included a
further opportunity for NPMs to identify particular strengths and weaknesses of individual items, stemming
from the translation and verification process, preparation of test forms, coding of student responses to

items, and entry of data.

MAIN STUDY ITEM SELECTION

Subject matter expert groups for mathematics, science, problem solving and reading met in October 2002
in Melbourne, Australia, to review all available material and formulate recommendations about items to
be included in the main study item pool. They took into account all available information, including the
field trial data, national item rating data, information coming from the translation process, information
from the national field trial reviews, and the constraints imposed by the assessment framework for each

domain.

For the mathematics domain, a total of 65 items were needed from the field trial pool of 217.The selection
had to satisty the following constraints:

* The number of items (about 65) was based on the results of the timing study, which concluded that
thirty-minute item clusters should contain an average of 12 to 13 items;

= The major framework categories (overarching ideas, and competency clusters) had to be populated

according to the specifications of the framework;
= The proportion of items that required manual coding had to be limited to around 40 per cent;
= The psychometric properties of all selected items had to be satisfactory;

= Items that generated coding problems were to be avoided unless those problems could be properly
addressed through modifications to the coding instructions;
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= Items given high priority ratings by national centres were preferred, and items with lower ratings were
to be avoided; and

= Once all these characteristics were satisfied, items reflecting mathematical literacy in an interesting way

would be preferred.

The mathematics expert group identified a total of 88 items suitable for possible inclusion in the main study,
including the 20 items retained for linking purposes from the PISA 2000 test. The science expert group
identified 10 new items to replace the 10 that had been released from the PISA 2000 item set. This meant
they had a set of 37 items recommended for inclusion in the PISA 2003 main study. The problem-solving
expert group identified 20 items suitable for inclusion. The reading expert group recommended a selection
of 33 items from the PISA 2000 main study item pool for inclusion in the PISA 2003 instruments.

The consortium carefully considered the advice from the four expert groups, and made some adjustments
to the recommended selections in reading (by removing four items, reducing the final pool to 29 items)
and in mathematics. The adjustments to the mathematics selection were a little more extensive in order to

resolve a number of remaining problems with the initial preferred selection of the expert group:

= The total number of items selected had to be reduced from 88 to a maximum of 85;

* The overall difficulty of the selection had to be reduced;

* The number of relatively easy items had to be increased slightly; and

= A small number of items that had relatively high omission rates had to be removed from the selection.

These adjustments had to be made while retaining the required balance of framework categories. In the
end a total of 85 mathematics items were selected (including 20 that were retained for linking purposes
from the PISA 2000 study). The final selection included a small number of items that had been given
relatively low ratings by national centres. These items were needed either to reduce average item difficulty,
or because they were seen to contribute something important to the way the test reflected the framework
conception of mathematical literacy. Similarly, a number of items that had been highly rated were not
included. These items suffered from one of more problems, including poor psychometric properties, being

too difficult, or there were remaining problems with use of the coding guides.

The proposed selection was presented to the PGB in Prague, Czech Republic in October 2002, and to a
meeting of National Project Managers in Melbourne also in October. The characteristics of the final item

selection, with respect to the major framework categories, are summarised in Table 2.9, Table 2.10 and
Table 2.11.

Table 2.9 m Mathematics main study items (item format by competency cluster)

Competency cluster
Item format Reproduction Connections Reflection Total
Multiple-choice response 7 14 7 28
Closed-constructed response 7 4 2 13
Open-constructed response 12 22 10 44
Total 26 40 19 85
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Table 2.10 = Mathematics main study items (content category by competency cluster)

Competency cluster

Content category Reproduction Connections Reflection Total
Space and shape 5 12 3 20
Quantity 9 11 3 23
Change and relationships 7 8 7 22
Uncertainty 5 9 6 20
Total 26 (31%) 40 (47%) 19 (22%) 85
Table 211 @ Mathematics main study items (content category by item format)
Item format
Multiple-choice | Closed-constructed | Open-constructed

Content category response response response Total
Space and shape 8 6 6 20
Quantity 6 2 15 23
Change and relationships 3 4 15 22
Uncertainty 11 i 8 20
Total 28 13 44 85

For the reading domain, 28 items were selected from the PISA 2000 item pool for use in the PISA 2003
main study. Items were selected from the PISA 2000 items with the best psychometric characteristics,

and to retain a balance in the major framework categories. Some of the framework characteristics of the

selected items are summarised in Table 2.12 and Table 2.13.

For the problem-solving domain, 19 items were selected for use in the main study. Their major characteristics

are summarised in Table 2.14.

For the science domain, 35 items were selected, including 20 that had been retained from the PISA 2000

main study item pool, and 15 new items that had been selected from those items used in the field trial.

Their major characteristics are summarised in Table 2.15.

Table 212 m Reading main study items (reading process by item format)

Item format

Closed- Open-
constructed |Multiple-choice| constructed
Reading process response response response Short response Total
Retrieving information 3 1 0 3 7
Interpreting 1 9 3 1 14
Reﬂecting 0 0 7 0 7
Total 4 10 10 4 28
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Table 213 m Reading main study items (text structure type by item format)

Item format
Closed- Open-
constructed |Multiple-choice| constructed
Text structure type response response response Short response Total
Continuous 0 9 9 0 18
Non-continuous 4 1 1 4 10
Total 4 10 10 4 28

Table 2.14 m Problem solving main study items (problem type by item format)
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Item format
Closed-constructed| Multiple-choice | Open-constructed
Problem-solving type response response response Total
Decision making 2 2 3 7
System analysis and design 1 2 4 7
Trouble shooting 0 3 2 5
Total 3 7 9 19

Table 2.15 m Science main study items (science process by item format)

Item format
Complex- Multiple- Open-
multiple choice constructed Short
Science process choice response response response Total
Describing, explaining and predicting 3 7 6 1 17
Interpreting scientific evidence 2 4 5 0 11
Understanding scientific investigation 2 2 3 0 7
Total 7 13 14 1 35

After finalising the main study item selection, final forms of all selected items were prepared. This involved
minor revisions to items and coding guides, based on detailed information from the field trial, and the
addition of further sample student responses to the coding guides. A further round of professional editing
took place. French translations of all selected items were updated. Clusters of items were formed in each
of the four test domains in accordance with the main study rotation design, shown previously in Table 2.1.
Test booklets were prepared in English and French.

All items, item clusters and test booklets, in English and French, were dispatched to national centres in
three dispatches, on 10 December, 13 December and 20 December 2002.

This enabled national centres to finalise the required revisions to their own national versions of all selected
test items, and to prepare test booklets for the main study.

—
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MAIN STUDY CODER TRAINING

Following final selection and dispatch of items to be included in the main study, various documents and
materials were prepared to assist in the training of coders. Coder training sessions for mathematics,
problem solving, reading and science were scheduled for February 2003. Consolidated coding guides were
prepared, in both English and French, containing all those items that required manual coding. These were
dispatched to national centres in early January 2003. In addition, the training materials prepared for the
field trial coder training were revised and expanded, with additional student responses to the items. These
additional responses were gathered during the field trial and in particular from the coder query service
that had operated during the field trial coding. They were chosen for use in practice coding and discussion

at the coder training sessions.

Coder training sessions were conducted in Madrid, Spain, in February 2003. All but three countries had
representatives at the training meetings. Arrangements were put in place to ensure appropriate training of

representatives from those countries not in attendance.

Once again, a small number of clarifications were needed to make the coding guides and training materials
as clear as possible, and revised coding guides and coder training materials were prepared and dispatched

in March 2003 following the training meetings.

MAIN STUDY CODER QUERY SERVICE

The coder query service operated for the main study across the four test domains. Any student responses
that national centre coders found difficult to code were referred to the consortium for advice. The
consortium was thereby able to provide consistent coding advice across countries. Reports of queries and
the consortium responses were made available to all national centres via the consortium website, and these
reports were regularly updated as new queries were received.

REVIEW OF MAIN STUDY ITEM ANALYSES

On receipt of data from the main study testing, extensive analyses of item responses were carried out to
identify any items that were not capable of generating useful student achievement data. Such items were
identified for removal from the international dataset, or in some cases from particular national datasets

where an isolated problem occurred.

Notes
1 The mathematics forum was a gathering of country representatives, nominated by PGB members, which had expertise in
mathematics education and assessment.
2 Itis worth mentioning here that as data entry was carried out using KeyQuest, many short responses were entered directly,

which saved time and made it possible to capture students’ raw responses.
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The Development of the PISA
Context Questionnaires
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OVERVIEW

In addition to the assessment of the achievement of 15-year-old students in reading, science, mathematics,
and problem-solving skills, PISA 2003 also included the collection of information on the characteristics
of students and their schools. This was done with the aim of identifying social, cultural, economic and
educational factors that are associated with student performance. For this purpose student and school
questionnaires were completed by the students and the principals of the sampled schools. In addition
to a core student questionnaire, two internationally optional student questionnaires, the Information
Communication Technology Familiarity and Educational Career questionnaires, were offered to
participating countries. Using the data from these context questionnaires, analyses linking context
information with student outcomes allows PISA to examine:

= Differences between countries in the relationships between student-level factors (such as gender and

social background) and outcomes;
= Differences in the relationships between school-level factors and outcomes across countries;

= The proportion of variation in outcomes between (rather than within) schools, and differences in this

value across countries;

= Differences between countries in the extent to which schools moderate or increase the effects of

individual-level student factors and student outcomes;

= Characteristics of education systems and national contexts that are related to differences in student

outcomes across countries; and
= Changes in any or all of these relationships over time.

The PGB requested that PISA 2003 portray important aspects of learning and instruction in mathematics,
including the impact of learning and teaching strategies on achievement, as well as the impact of school
organisation and structures in promoting active student engagement with learning. Furthermore, the
PGB requested that PISA 2003 address issues related to mathematics efficacy and students’ engagement,
motivation and confidence with mathematics, mathematics and gender, and students’ planned educational
pathways. Finally, the quality of the school’s human and material resources, issues of public/private
control, management and funding, school level information on the instructional context and institutional
structures were also considered important issues in PISA 2003.

To accomplish these goals, the following steps were taken:

= First, an organising framework was established that allowed the mapping of these policy issues against the
design and instrumentation of PISA. The objective was to facilitate choosing research areas that combine
policy relevance effectively with the strengths of the PISA" design.

= After a conceptual structure from which relevant research focus areas or themes could be established was
identified, a set of criteria was developed for defining and operationalising the PGB’s policy priorities

within this conceptual structure.

= Third, proposals for potential thematic reports for PISA 2003 were outlined, with each proposal
presenting a brief review of relevant literature, the specific policy questions the report could address,
and how this would be operationalised in the PISA 2003 context questionnaires.
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THE CONCEPTUAL FRAMEWORK

To facilitate a systematic approach to the organisation and prioritisation of research focus areas, the
framework for the OECD education indicators (INES) was applied. The INES framework organises policy
issues that might be considered in PISA by using two dimensions:

* The level of the education system to which the resulting indicators relate; and

= Whether they relate to outcomes or outputs, policy-amenable determinants of these outcomes or

outputs or constraints at the respective level of the education system.

The INES framework considered four levels that related both to the entities from which data might be
collected and to the recognition that national education systems are multi-levelled. The four levels are:

= The education system as a whole;

= The educational institutions and providers of educational services;

= The instructional setting and the learning environment within the institutions; and
= The individual participants in learning activities.

A differentiation between levels is not only important with regard to the collection of information, but
also because many features of the education system play out quite differently at different levels of the
system. For example, at the level of the students within a classroom, the relationship between student
achievement and class size may be negative, if students in small classes benefit from improved contact with
teachers. At the class or school level, however, students are often intentionally grouped such that weaker
or disadvantaged students are placed in smaller classes so that they receive more individual attention. At
the school level, therefore, the observed relationship between class size and student achievement is often
positive (suggesting that students in larger classes perform better than students in smaller classes). At
higher aggregated levels of education systems, the relationship between student achievement and class size
is further confounded, e.g. by the socio-economic intake of schools or by factors relating to the learning
culture in different countries. Past analyses, which have relied on macro-level data alone, have therefore

sometimes led to misleading conclusions.

The second dimension in the organising framework further groups the indicators at each of the above

levels (i.e. system, institutional, classroom or individual) under the following subheadings:

= Qutput and outcomes of education and learning: Indicators on observed outputs of education systems, as well as

indicators related to the impact of knowledge and skills for individuals, societies and economies.

= Policy levers and contexts: Activities seeking information on the policy levers or circumstances that shape
the outputs and outcomes at each level.

= Antecedents and constraints: Policy levers and contexts typically have antecedents, that is, factors that define
or constrain policy. It should be noted that the antecedents or constraints are usually specific for a given
level of the education system, and that antecedents at a lower level of the system may well be policy levers
at a higher level (e.g. for teachers and students in a school, teacher qualifications are a given constraint

while, at the level of the education system, professional development of teachers is a key policy lever).
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This basic conceptualisation has been adapted from the conceptual framework for the Second IEA Study
of Mathematics (Travers and Westbury, 1989; Travers et al., 1989) and also provided a conceptual basis for
the planning of context questionnaires in PISA 2000 (see Harvey-Beavis, 2002). Figure 3.1 shows the two-
dimensional matrix of the four levels and the three aspects. Each cell also contains a description of data that
were eventually collected in PISA 2003.

While this mapping is useful for describing the coverage of the PISA questionnaires, it is also important
to supplement it with the recognition of the dynamic elements of the education system. All of the cells
in the framework are linked, both directly and indirectly, and a range of important indicators that deal
with the relations between the cells are central to the outcomes of PISA 2003. For example, analysing the
impact of socio-economic background on student performance is directly concerned with the relationship
between cells 9 and 1, and at the same time its further exploration is concerned with how data relating to

cells 5 to 8 might influence this relationship.

Because PISA 2003 did not survey teachers, nor had intact classrooms as units of sampling, there are limits
on the availability and relevance of data on some classroom contexts and antecedents, such as teacher
characteristics and qualifications, and on classroom processes such as pedagogical practices and curriculum
content (cells 2, 6 and 10). Any information on these aspects could only be collected either from students
or at the school level. Therefore, the data collected on classroom processes (cell 6) refer to the classroom
practices but are collected from students learning in different instructional settings across the school and

can only be analysed at the student or school level.

Similarly, at the school level (cells 7 and 11), PISA focused on questions that were related to relatively
broad and stable features such as school type, school structure, school resources, school climate and school
management, most of which are known to have some impact on student’s achievement, according to the
school effectiveness literature (see Teddlie and Reynolds, 2000).

PISA 2003 did not include any activities that directly focused on Collecting data at the national level as
included in cells 8 and 12. A range of such data is however available from the OECD education indicators

programme and can be included in the analysis of the database.

RESEARCH THEMES IN PISA 2003

To capitalise on the PISA design and to maximise the contributions PISA could make to the needs of policy
makers and educators it was important to choose wisely from the wide range of possible policy-relevant

research themes.

The definition and operationalisation of policy—relevant research areas for potential thematic reports was

guided by the following requirements which were developed by OECD INES Network A:

= First, they had to be of enduring policy relevance and interest. A research focus area needed to have policy
relevance, to capture policy makers’ attention, to address their needs for data about the performance of
their educational systems, to be timely, and to focus on factors that improve or explain the outcomes of
education. Further, a theme had to be of interest to the public, since it is this public to which educators

and policy makers are accountable.

= Second, the themes were to provide an internationally comparative perspective, and add significant
value beyond that which can be accomplished through national evaluation and analysis. This implies that
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Figure 31 m Mapping of PISA 2003 data to conceptual grid

Column 1

Column 2

Column 3

Outputs and outcomes of
education and learning

Policy levers and contexts

Antecedents and constraints

Individual Cell I: Individual outcomes
participants
in education

and learning

Student test data collected in
2003:
- Reading, mathematics and
science literacy
- Problem-solving skills

Student Questionnaire data
collected in 2003:

- Self-related cognitions in
mathematics (self-efficacy, self-
concept)

- Motivational factors: interest in
and enjoyment of mathematics

- Educational expectations

Instructional Cell 2: Outputs and outcomes

settings at the level of classrooms/
instructional settings
Education  Cell 3: Outputs and outcomes at
service the level of institutions
PrOVIderS Data available in 2003:

- Aggregates of cell 1 (literacy
scores, motivation and self-
related cognitions)

The education Cell 4: Outcomes at the level of
system asa  the education system
whole Data available in 2003:
- System-level aggregates of cell 1
- Equity related outcomes

Cell 5: Policy levers and contexts
relating to individuals

Student Questionnaire data
collected in 2003:

- Students’ perception of school
(student/teacher relations, sense
of belonging, attitudes toward
school)

Learning strategies and
preferences
- Instrumental motivation to learn

mathematics
- Emotional factors (mathematics
anxiety)
Instructional time
Study time in mathematics and
other subjects (homework,

extension/remedial, tutoring, out-
of-school classes, other activities)

Cell 6: Policy levers and contexts
at the level of classrooms/
instructional settings

Student Questionnaire data
collected in 2003:

- Disciplinary climate in
mathematics lessons (student
perceptions)

- Teacher support in mathematics
lessons (student perceptions)

- Use of textbooks in mathematics
lessons (student perceptions)

- Classroom size (student
perceptions)

Cell 7: Policy levers and contexts
at the level of institutions

School Questionnaire data
collected in 2003:

- School resources (quality of
human, educational and material
resources, teacher and computer
availability)

- Admittance and grouping
policies

- Curricular practices (mathematics
activities, student assessment,
retention, instructional time,
monitoring of teachers)

- School climate (student/teacher
behaviour, student/teacher
morale)

Cell 8: Policy levers and contexts
at the national level

Data available in 2003:
- System-level aggregates from cell 7
- OECD data

Cell 9: Antecedents and
constraints at the level of
individuals

Student Questionnaire data
collected in 2003:

- Home possessions

- Parental education

- Parental occupation

- Family structure

- Country of birth

- Language spoken at home

- Age and gender

- Grade and study programme

- Prior education (pre-schooling,

entry age, retention)

Cell 10: Antecedents and
constraints at the level of
classrooms/instructional
settings

Cell 11: Antecedents and
constraints at the level of
institutions

School Questionnaire data
collected in 2003:

- The type of school, its source
of funding, its location and size
(students and grade levels)

- Language background of students

- Responsibilities for decision
making

Student Questionnaire data
aggregated to the school level:

- Socio-economic background of
students (intake)

Cell 12: Macro-economic and
demographic context
Data available in 2003:
- System-level aggregates from cell 7
- OECD data
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themes needed to be both relevant (that is, of importance) and valid (that is, of similar meaning) across

countries.
Third, there had to be consistency in approach and themes with PISA 2000.

Fourth, the implementation of a research focus area had to be technically feasible and appropriate within
the context of the PISA design. That is, the collection of data about a subject needed to be technically
feasible in terms of methodological rigour and the time and costs (including opportunity costs) associated

with data collection.

The following proposals for thematic reports were elaborated for PISA 2003 in accordance with the

priorities established by the PGB and the criteria outlined above:

School characteristics, organisation and structure: PISA 2003 provided an opportunity to explore some key
variables that might cause variance between schools. These variables where grouped into variables
related primarily to the structure of schooling (ability grouping, segregation of schools, management
and financing, school resources, size and location) and those related to the instructional context within
schools (learning time, student support policies, school and classroom climate).

Teaching and learning strategies: Theoretical and empirical research on teacher instructional practices,
student learning strategies and the impact of such variables on student achievement is extensive. Given
the design of PISA, which does not include a classroom level of analysis, priority was given to dimensions
that might reasonably be considered as being pervasive characteristics of either the instructional context
or of students’ learning strategies.

Student engagement with mathematics: Students’ engagement with learning is crucial for the acquisition of
proficiency, and is also an important outcome of education. Students’ engagement refers to both students
active involvement in learning, and to students’ beliefs about their own ability to succeed in a subject,
motivation to learn a subject and emotional relationship with a subject, as well as their choice of learning
strategies for a subject. This theme covers the following aspects of engagement with mathematics: Self-

related cognitions, motivational preferences, emotional factors and behaviour-related variables.

Mathematics and gender: Gender differences in achievement are ongoing equity related concerns in OECD
countries, and as such, are central to PISA. Given the focus of PISA 2003 on mathematics this theme
addresses gender differences in mathematics literacy, differences in mathematics-related attitudes and

self-cognitions, and career expectations.

Students’ educational career: One of the challenges faced by educational systems is to ensure that, although
learning takes place in collective settings (schools, classrooms), the individual needs of learners are served
in an efficient way. This theme addresses issues related to how educational systems shape educational

careers of students and to what extent they influence students’ career expectations.

Use of and access to technology: This theme is linked to the ICT familiarity international option and
addresses issues such as the availability of ICT at schools, the students’ familiarity (use, self-confidence
and attitudes) and the role of ICT in the instructional context.

Family background and student performance: Educational outcomes are influenced by family background in
many different and complex ways. In particular, the socio-economic status of families has been consistently
found to be an important variable in explaining variance in student achievement. This theme addresses
the impact of socio-economic background, ethnicity (language and immigrant background) and family

structure on student performance.
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In the elaboration of these research areas, variables or constructs were identified which needed to be

included in the context questionnaires. Table 3.1 details the major constructs and variables identified as

important within each of these research themes. Some of these constructs or variables form the core of

the questionnaire material, which remains unchanged across PISA cycles. The core component comprises

questions about basic school or student characteristics and the students’ socio-economic background.

Table 3.1 m Themes and constructs in PISA 2003

Research theme

Constructs (or variables)

School characteristics, organisation and structure

Teaching and learning strategies

Student engagement with mathematics

Mathematics and gender

Students’ educational career

Use and access to technology

Family background and student performance

School size, location and funding

Language background and school policies

Quality of school resources (staff, educational material)
Admittance policies

Ability grouping

Assessment practices

Activities to promote engagement with mathematics
Teacher morale

Student morale

Teacher behaviour

Student behaviour

Mathematics teacher agreement or dissent

School autonomy in decision making

Influence on decision making by school-related groups
Learning strategies (memorisation, control, elaboration)
Learning style preferences (co-operative, competitive)
Classroom climate (disciplinary climate, teacher support)
Mathematics self-efficacy

Mathematics self-concept

Mathematics anxiety

Interest in and enjoyment of mathematics
Instrumental motivation to learn mathematics

Study time in mathematics

Gender

Pre-school attendance

School entry age

Grade repetition

Expected educational level

Retention rate at school

Use of and experience with computers

Types of ICT use (Internet/entertainment, programme use)
Self-confidence in ICT (routine, Internet, high-level)
Attitudes toward computers

Source of ICT knowledge

Availability of computers at school

Immigrant background

Language use

Home possessions (cultural, educational)

Parental occupation

Parental education

Family structure

© OECD 2005 PISA 2003 Technical Report

The Development of the PISA Context Questionnaires

39



"
[0
A
o)
oy
oy
0o
-
"
[\
o)
a
-+
X
v
-+
oy
o)
U
<
w
[aW
(9
=
-+
—
0
-+
oy
\9)
IS
(o
0
v
>
)
(&
[\0)
=
—

40

THE DEVELOPMENT OF THE CONTEXT QUESTIONNAIRES

The development of questionnaire material was guided by the PGB priorities and their elaboration
in the conceptual framework. Some of the questionnaire items used in PISA 2000 were retained:
some because they were considered as a core part of the context questionnaires and will be included
in each cycle, others because they were important for the analyses proposed as part of the research

focus areas.

However, many of the constructs or variables were new, and were developed during the two years prior to
the assessment. The new questionnaire material was developed in co-operation with international experts,
the OECD and national centres.

After an initial phase of piloting questionnaire material in a few participating countries, to look at
qualitative as well as some quantitative aspects of item responses, a final draft version of the material
was presented to national centres. After extensive consultations with national centres, international
centres and the OECD, two different student questionnaire versions and a school questionnaire were
administered in a field trial in all participating countries. Each questionnaire version included, in addition
to a set of common items, different questions plus common questions trial-tested with a different item

format.

The questionnaires were trialled together with the achievement test in 2002 in all participating countries.
The data analysis of the field trial data included the following steps:

= An examination of non-response and response patterns for the questionnaire items;

= A comparison of different item formats between the two versions of the questionnaire;

= Exploratory and confirmatory factor analysis to review the dimensional structure of questionnaire items

and to facilitate the selection of constructs and items;

= An analysis of cross-country Validity of both dimensional item structure and item fit (student-level data

only); and
= A review of scaling properties for scaled items, using classical item statistics and IRT models.

Analyses of the field trial data were carried out in the second half of 2002 and a proposal of final
questionnaire material for the main study was developed based on these results. The final selection of
questionnaire material was made after an extensive review and consultations with national centres,
international experts and the OECD. The selection process was principally based on the following
criteria:

= Scaling properties of items used to measure constructs;

= Predictive validity of constructs;

= Cross-cultural appropriateness of the material; and

= Priority judgements about constructs and items in accordance with questionnaire framework and the

policy issues set by the PGB.
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THE COVERAGE OF THE QUESTIONNAIRE MATERIAL

Student Questionnaire

In the main study the student questionnaire was administered after the assessment and it took students
about 35 minutes to complete. The questionnaire covered the following aspects:

* Student characteristics: Grade, study programme, age and gender.

= Family background: Family structure, employment status of parents, occupation of parents, education of
parents, home possessions, number of books at home, country of birth for student and parents, language
spoken at home.

= Educational background of student: Pre-schooling, primary school starting age, grade repetition, expected
education, attitudes toward school in general.

= Student reports related to the school: Reasons for selecting school, student-teacher relations, sense of
belonging to school, late arrivals at school, study time for all subjects (homework, school extension

courses, out-of-school classes, tutoring, other study).

= Students’ learning of mathematics: Interest in and enjoyment of mathematics, instrumental motivation to
learn mathematics, mathematics self-efficacy, mathematics self-concept, mathematics anxiety, study time
for mathematics (homework, school extension courses, out-of-school classes, tutoring, other study) and

learning strategies in mathematics (memorisation, elaboration and control strategies).

= Students’ lessons in mathematics: Instructional time (mathematics, overall), preference for learning situations

(competitive, co-operative), classroom climate (teacher support, disciplinary climate).

School Questionnaire

The main study school questionnaire was administered to the school principal and took about 20 minutes
to complete. It covered a variety of school-related aspects:

= School characteristics: Community size, enrolment, ownership, funding and number of grade levels at school.

= The school’s resources: Instructional time, quality of resources (staffing, educational material, infrastructure)
and computers available at school.

* The student body: Student admittance criteria, student morale, language background of students, student
behaviour and grade repetition.

= Teachers in the school: Staffing, monitoring of teachers, principal perceptions of consistent and shared goals
among mathematics staff, teacher morale and teacher behaviour.

* Pedagogical practices of the school: Activities to promote student learning of mathematics, ability grouping,
student assessments, use of assessments and foreign language courses.

* Administrative structures within the school: Responsibilities for decision making at school and bodies
inﬂuencing decision making at school.

International options

As in PISA 2000, additional questionnaire material was developed and offered as international options
to participating countries. In PISA 2003, two international options were available: the ICT Familiarity
questionnaire and Educational Career Questionnaire.
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Educational Career Questionnaire

The inclusion of an optional Educational Career questionnaire was due to the fact that not all of the
participating countries expressed interest in this particular research area. National centres were allowed
to select any of the items included in this questionnaire for inclusion without having to administer all of
the questions. The completion of this questionnaire took about two minutes and covered the following

aspects :

= Past educational career: Missing of school at primary and lower secondary level, change of school at primary

and lower secondary level, change of study programme.

® Present educational settings: Difficulty level of current mathematics course or lessons, teacher marks in

mathematics.

= Expected OCCUPGIiOH .

Information Communication Technology Questionnaire

The Information Communication Technology (ICT) questionnaire consisted of questions regarding the
students’ use of, familiarity with, and attitudes towards ICT. ICT was defined as the use of any equipment
or software for processing or transmitting digital information that performs diverse general functions,
whose options can be specified or programmed by its user. The questionnaire was administered to students
after the international student questionnaire (sometimes combined within the same booklet) and it took

about five minutes to complete. It covered the following aspects:

= Use of ICT: Availability of computers, students’ experience with computers and location of use, frequency

of ICT for different purposes;

= Affective responses to ICT: Self-confidence with ICT (routine, Internet and high-level programming tasks),
attitudes towards computers; and

* Learning of ICT: Sources of students’ ICT and Internet knowledge.

National questionnaire material

National centres could decide to add national items to the international student or school questionnaire.
Insertion of national items into the student questionnaire had to be agreed upon with the international
study centre during the review of adaptations, due to context relatedness. Adding more than five national
items was considered as a national option. National student questionnaire options, which took less than
ten minutes to be completed, could be administered after the international student questionnaire and
international options. If the length of the national options exceeded ten minutes, national centres were

requested to administer their national questionnaire material in follow-up sessions.

THE IMPLEMENTATION OF THE CONTEXT QUESTIONNAIRES

In order to ensure that all questions were understood by 15-year-old students and school principals
in all participating countries, it was necessary to adapt parts of the questionnaire material from the
international source version to the national context. Such adaptations had to be carefully monitored
so that the comparability of the collected data was not jeopardised. This is particularly important with
questions that relate to the educational system such as educational levels, study programmes or certain
school characteristics which differ in terminology across countries.
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To achieve maximum comparability, a process was implemented during which each adaptation was reviewed
and discussed by the international study centre and national study centres. To facilitate this process, national
centres were asked to complete a questionnaire adaptation spreadsheet (QAS, see Appendix 8), where

adaptations to the questionnaire material were documented.

Each adaptation had to be reviewed and agreed upon before the questionnaire material could be submitted
for translation verification and the final optical check (see Chapter 5). The QAS also contained information
about additional national questionnaire material and any deviation from the international questionnaire
format, as well as the corresponding variable names in the national database, which was submitted after

data collection.

Prior to the review of questionnaire adaptations, national centres had been asked to complete Study
Programme Tables (SPT, see Appendix 5) in order to document the range of different study programmes
that are available for 15-year-old students across participating countries. This information was used
as a codebook to collect these data from school records and also assisted the review of questionnaire

adaptations.

Information on parental occupation and the students” expected occupation was collected through open-
ended questions. The responses were then coded according to the International Standard Classification of
Occupations (ISCO) (ILO, 1990). Once occupations had been coded into ISCO, the codes were re-coded
into the International Socio-Economic Index of Occupational Status (ISEI) (Ganzeboom et al., 1992),
which provides a measure of the socio-economic status of occupations comparable across the countries
participating in PISA.

The International Standard Classification of Education (ISCED) was used as a typology to classify
educational qualifications and study programmes. The ISCED classification was used to obtain comparable
data across countries. Whereas this information was readily available for OECD member countries,” for
partner countries extensive reviews of their educational systems in co-operation with national centres

were necessary to map educational levels to the ISCED framework (see Appendix 6).

Notes

1 The questionnaire framework was not published by the OECD but is available as a project working document TAG(0303)4.doc

2 Partner countries are non-OECD member countries that participate in PISA.
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TARGET POPULATION AND OVERVIEW OF THE SAMPLING DESIGN

The desired base PISA target population in each country consisted of 15-year-old students attending
educational institutions located within the country, in grades 7 and higher. This meant that countries
were to include 15-year-olds enrolled full-time in educational institutions, 15-year-olds enrolled in
educational institutions who attended on only a part-time basis, students in vocational training types
of programmes, or any other related type of educational programmes, and students attending foreign
schools within the country (as well as students from other countries attending any of the programmes in
the first three categories). It was recognised that no testing of persons schooled in the home, workplace
or out of the country would occur and therefore these students were not included in the international
target population.

The operational definition of an age population directly depends on the testing dates. The international
requirement was that each country had to choose a 42-day period, referred to as the testing window,
between 1 March 2003 and 31 August 2003, during which they would administer the assessment.

Further, testing was not permitted during the first three months of the school year because of a concern
that student performance levels even after controlling for age may be lower at the beginning of the academic

year than at the end of the previous academic year.

The 15-year-old international target population was slightly adapted to better fit the age structure of
most of the northern hemisphere countries. As the majority of the testing was planned to occur in April,
the international target population was consequently defined as all students aged from 15 years and
3 (completed) months to 16 years and 2 (completed) months at the beginning of the assessment period.
This meant that in all countries testing in April 2003, the national target population could have been
defined as all students born in 1987 who were attending a school or other educational institution.

Further, a variation of up to one month in this age definition was permitted. For instance, a country testing
in March or in May was still allowed to define the national target population as all students born in 1987.
If the testing was to take place at another time, the birth date definition had to be adjusted and approved
by the consortium.

The sampling design used for the PISA assessment was a two-stage stratified sample in most countries.
The first-stage sampling units consisted of individual schools having 15-year-old students. In all but a few
countries, schools were sampled systematically from a comprehensive national list of all eligible schools
with probabilities that were proportional to a measure of size. This is referred to as probability proportional
to size (PPS) sampling.

The measure of size was a function of the estimated number of eligible 15-year-old students enrolled. Prior
to sampling, schools in the sampling frame were assigned to strata formed either explicitly or implicitly.
The second-stage sampling units in countries using the two-stage design were students within sampled
schools. Once schools were selected to be in the sample, a list of each sampled school’s 15-year-old
students was prepared. From each list that contained more than 35 students, 35 students were selected
with equal probability, and for lists of fewer than 35, all students on the list were selected. It was possible
for countries to sample a number of students within schools other than 35, provided that the number

sampled within each school was at least as large as 20.
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In two countries, a three-stage design was used. In such cases, geographical areas were sampled first (called
first-stage units) using probability proportional to size sampling, and then schools (called second-stage units)

were selected within sampled areas. Students were the third—stage sampling units in three—stage designs.

POPULATION COVERAGE, AND SCHOOL AND STUDENT PARTICIPATION RATE STANDARDS

To provide valid estimates of student achievement, the sample of students had to be selected using established
and professionally recognised principles of scientific sampling, in a way that ensured representation of the
full target population of 15-year-old students.

Furthermore, quality standards had to be maintained with respect to the coverage of the international
target population, accuracy and precision, and the school and student response rates.

Coverage of the PISA international target population

In an international survey in education, the types of exclusion must be defined internationally and the
exclusion rates have to be limited. Indeed, if a significant proportion of students were excluded, this would
mean that survey results would not be deemed representative of the entire national school system. Thus,

efforts were made to ensure that exclusions, if they were necessary, were minimised.

Exclusion can take place at the school level (the whole school is excluded) or at the within-school level. In
PISA, there are several reasons why a school or a student can be excluded. Exclusions at school level might
result from removing a small, remote geographical region due to inaccessibility or size, or from removing a
language group, possibly due to political, organisational or operational reasons. Areas deemed by the PISA
Governing Board (PGB) to be part of a country (for the purpose of PISA), but which were not included
for sampling, were designated as non-covered areas, and documented as such — although this occurred
infrequently. Care was taken in this regard because, when such situations did occur, the national desired
target population differed from the international desired target population.

International within-school exclusion rules for students were specified as follows:

= Intellectually disabled students are students who are considered in the professional opinion of the school
principal, or by other qualified staff members, to be intellectually disabled, or who have been tested
psychologically as such. This category includes students who are emotionally or mentally unable to
follow even the general instructions of the test. Students were not to be excluded solely because of poor

academic performance or normal discipline problems.

= Functionally disabled students are students who are permanently physically disabled in such a way that
they cannot perform in the PISA testing situation. Functionally disabled students who could perform

were to be included in the testing,

= Students with limited proficiency in the 1anguage of the PISA test were excluded if they had received less
than one year of instruction in the language(s) of the test.

A school attended only by students who would be excluded for intellectual, functional or linguistic reasons
was considered as a school-level exclusion.

It was required that the overall exclusion rate within a country be kept below 5 per cent. Restrictions on
the level of exclusions of various types were as follows:
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= School-level exclusions for inaccessibility, feasibility or other reasons were required to cover fewer than
0.5 per cent of the total number of students in the international PISA target population. Schools on the
school sampling frame that had only one or two eligible students were not allowed to be excluded from
the frame. However, if, based on the frame, it was clear that the percentage of students in these schools
would not cause a breach of the 0.5 per cent allowable limit, then such schools could be excluded in the
field, if at that time, they still only had one or two PISA eligible students. This procedure was changed
from PISA 2000 to increase coverage by guarding against any such schools possibly having three or more
eligible students at the time of data collection.

= School-level exclusions for intellectually or functionally disabled students, or students with limited

proficiency in the language of the PISA test, were required to cover fewer than two per cent of students.

= Within-school exclusions for intellectually disabled or functionally disabled students or students with
limited language proficiency were required to cover fewer than 2.5 per cent of students. However,
if the percentage was greater than 2.5 per cent, it was re-examined without including the students
excluded because of limited language proficiency, since this is a largely unpredictable part of each

country’s eligible population.

Accuracy and precision

A minimum of 150 schools (or all schools if there were fewer than 150 schools in a participating jurisdiction)
had to be selected in each country. Within each participating school, a sample of the PISA eligible students
was selected with equal probability. The within-school sample size (sometimes referred to as the “target
cluster size”) was usually 35 students. In schools where there were fewer eligible students than the target
cluster size, all students were sampled. In total, a minimum sample size of 4 500 assessed students was to
be achieved. It was possible for countries to negotiate a different target cluster size, but if it was reduced
then the sample size of schools was increased beyond 150, so as to ensure that at least 4 500 students in
total would be assessed. The target cluster size had to be at least 20 so as to ensure adequate accuracy in
estimating variance components within and between schools — an analytical objective of PISA.

National Project Managers (NPMs) were strongly encouraged to identify stratification variables to reduce

the sampling variance.

For countries that had participated in PISA 2000 and that had larger than anticipated sampling variances
associated with their estimates, recommendations were made about sample design changes that would help
to reduce the sampling variances for PISA 2003. These included modifications to stratification variables,

and increases in the required sample size.

School response rates

A response rate of 85 per cent was required for initially selected schools. If the initial school response rate
fell between 65 and 85 per cent, an acceptable school response rate could still be achieved through the use of
replacement schools. Figure 4.1 provides a summary of the international requirements for school response
rates. To compensate for a sampled school that did not participate, where possible two replacement schools
were identified for each sampled school. Furthermore, a school with a student participation rate between 25
and 50 per cent was not considered as a participating school for the purposes of calculating and documenting
response rates. However, data from such schools were included in the database and contributed to the estimates
included in the initial PISA international report. Data from schools with a student participation rate of less than
25 per cent were not included in the database, and such schools were also regarded as non-respondents.
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The rationale for this approach was as follows. There was concern that, in an effort to meet the requirements
for school response rates, a national centre might accept participation from schools that would not make
a concerted effort to have students attend the assessment sessions. To avoid this, a standard for student
participation was required for each individual school, in order that the school be regarded as a participant.
This standard was set at 50 per cent. However, in many countries there were a few schools that conducted
the assessment without meeting that standard. Thus a judgement was needed to decide if the data from
students in such schools should be used in the analyses, given that the students had already been assessed.
If the students from such schools were retained, non-response bias would be introduced to the extent that
the students who were absent were different in achievement from those who attended the testing session,
and such a bias is magnified by the relative sizes of these two groups. If one chose to delete all assessment

Sample Design

Figure 4.1 m School response rate standards
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data from such schools, then non-response bias would be introduced to the extent that the school was
different from others in the sample, and sampling variance is increased because of sample size attrition.

The judgement was made that, for a school with between 25 and 50 per cent student response, the latter
source of bias and variance was likely to introduce more error into the study estimates than the former, but
with the converse judgement for those schools with a student response rate below 25 per cent. Clearly the
cut-off of 25 per cent is an arbitrary one, as one would need extensive studies to try to establish this cut-off
empirically. However, it is clear that, as the student response rate decreases within a school, the bias from
using the assessed students in that school will increase, while the loss in sample size from dropping all of

the students in the school will rapidly decrease.

These PISA standards applied to weighted school response rates. The procedures for calculating weighted
response rates are presented in Chapter 8. Weighted response rates weight each school by the number
of students in the population that are represented by the students sampled from within that school. The
weight consists primarily of the enrolment size of 15-year-old students in the school, divided by the
selection probability of the school. Because the school samples were in general selected with probability
proportional to size, in most countries most schools contributed equal weights, so that weighted and
unweighted school response rates were very similar. Exceptions could occur in countries that had explicit
strata that were sampled at very different rates. Details as to how the PISA participants performed relative
to these school response rate standards are included in Chapter 12 and Chapter 15.

Student response rates

A response rate of 80 per cent of selected students in participating schools was required. A student who had
participated in the original or follow-up cognitive sessions was considered to be a participant. A student
response rate of 50 per cent within each school was required for a school to be regarded as participating:
the overall student response rate was computed using only students from schools with at least a 50 per cent
response rate. Again, weighted student response rates were used for assessing this standard. Each student
was weighted by the reciprocal of their sample selection probability.

MAIN STUDY SCHOOL SAMPLE

Definition of the national target population

NPMs were first required to confirm their dates of testing and age definition with the PISA consortium.
Once these were approved, NPMs were alerted to avoid having the possible drift in the assessment period

lead to an unapproved definition of the national target population.

Every NPM was required to define and describe their country’s national desired target population
and explain how and why it might deviate from the international target population. Any hardships in
accomplishing complete coverage were specified, discussed and approved or not, in advance. Where the
national desired target population deviated from full national coverage of all eligible students, the deviations

were described and enrolment data provided to measure how much that coverage was reduced.

School-level and within-school exclusions from the national desired target population resulted in a
national-defined target population corresponding to the population of students recorded on each country’s
school sampling frame. Schools were usually excluded for practical reasons such as increased survey costs,
complexity in the sample design, or difficult test conditions. They could be excluded, depending on the
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percentage of 15-year-old students involved, if they were geographically inaccessible (but not part of a
region omitted from the national desired target population), or if it was not feasible to administer the PISA
assessment. These difficulties were mainly addressed by modifying the sample design to reduce the number
of such schools selected, rather than to exclude them, and exclusions from the national desired target
population were held to a minimum and were almost always below 0.5 per cent. Schools with students that
would all be excluded through the within-school exclusion categories could be excluded up to a maximum
of 2 per cent. Otherwise, countries were instructed to include the schools but to administer the PISA UH
booklet,’ consisting of a subset of PISA assessment items deemed more suitable for students with special

educational needs.

Within-school, or student-level, exclusions were generally expected to be less than 2.5 per cent in each
country, allowing an overall level of exclusion within a country to be no more than 5 per cent. Because
definitions of within-school exclusions could vary from country to country, however, NPMs were asked to
adapt the following rules to make them workable in their country, but still to code them according to the

PISA international Coding scheme.

Within participating schools, all eligible students (i.e. born within the defined time period, regardless
of grade) were to be listed. From this, either a sample of 35 students was randomly selected, or all
students were selected if there were fewer than 35 15-year-olds. The lists had to include sampled
students deemed to meet one of the categories for exclusion, and a variable maintained to briefly
describe the reason for exclusion. This made it possible to estimate the size of the within-school

exclusions from the sample data.

It was understood that the exact extent of within-school exclusions would not be known until
the within-school sampling data were returned from participating schools, and sampling weights
computed. Country participant projections for within-school exclusions provided before school
sampling were known to be estimates.

NPMs were made aware of the distinction between within-school exclusions and non-response. Students
who could not take the achievement tests because of a permanent condition were to be excluded and
those with a temporary impairment at the time of testing, such as a broken arm, were treated as non-

respondents along with other absent sampled students.

Exclusions by country are documented in Chapter 12.

The sampling frame

All NPMs were required to construct a school sampling frame to correspond to their national defined
target population. This was defined by the sampling preparation manual” as a frame that would provide
complete coverage of the national defined target population without being contaminated by incorrect
or duplicate entries or entries referring to elements that were not part of the defined target population.
Initially, this list was to include any school that could have 15-year-old students, even those who might
later be excluded, or deemed ineligible because they had no eligible students at the time of data collection.
The quality of the sampling frame directly affects the survey results through the schools’ probabilities of
selection and therefore their weights and the final survey estimates. NPMs were therefore advised to be
very careful in constructing their frames, while realising that the frame depends largely on the availability

of appropriate information about schools and students.

© OECD 2005 PISA 2003 Technical Report

Sample Design

51



(o
™
"
[\

(&
[0
ja
E
I

%)

52

All but two countries used school-level sampling frames as their first stage of sample selection. The
sampling preparation manual indicated that the quality of sampling frames for both two and three-stage
designs would largely depend on the accuracy of the approximate enrolment of 15-year-olds available
(ENR) for each first-stage sampling unit. A suitable ENR value was a critical component of the sampling
frames since selection probabilities were based on it for both two and three-stage designs. The best ENR
for PISA would have been the number of currently enrolled 15-year-old students. Current enrolment data,
however, were rarely available at the time of sampling, which meant using alternatives. Most countries
used the first-listed available option from these alternatives:

= Student enrolment in the target age category (15-year-olds) from the most recent year of data

available;

= If 15-year-olds tend to be enrolled in two or more grades, and the proportions of students who are 15
in each grade are approximately known, the 15-year-old enrolment can be estimated by applying these
proportions to the corresponding grade-level enrolments;

= The grade enrolment of the modal grade for 15-year-olds; or
= Total student enrolment, divided by the number of grades in the school.

The sampling preparation manual noted that if reasonable estimates of ENR did not exist or if the available
enrolment data were too out of date, schools might have to be selected with equal probabilities. This
situation occurred for only one country (Greece).

Besides ENR values, NPMs were instructed that each school entry on the frame should include at minimum:

= School identification information, such as a unique numerical national identification, and contact

information such as name, address and phone number; and

= Coded information about the school, such as region of country, school type and extent of urbanisation,
which could be used as stratification variables.?

As noted, three-stage designs and area-level sampling frames were used by two countries where a
comprehensive national list of schools was not available and could not be constructed without undue burden,
or where the procedures for administering the test required that the schools be selected in geographic
clusters. As a consequence, area-level sampling frames introduced an additional stage of frame creation and
sampling (called the first stage of sampling) before actually sampling schools (the second stage of sampling).
Although generalities about three-stage sampling and using an area-level sampling frame were outlined in
the sampling preparation manual (for example that there should be at least 80 first-stage units and about
half of them needed to be sampled), NPMs were also instructed in the sampling preparation manual that
the more detailed procedures outlined there for the general two-stage design could easily be adapted to the
three-stage design. NPMs using a three-stage design were also asked to notify the consortium, and received
additional support in using an area-level sampling frame. The countries that used a three-stage design were

the Russian Federation and Turkey.

Stratification

Prior to sampling, schools were to be ordered, or stratified, on the sampling frame. Stratification consists

of classifying schools into like groups according to some variables — referred to as stratification variables.
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Stratification in PISA was used to:

= Improve the efficiency of the sample design, thereby making the survey estimates more reliable;

= Apply different sample designs, such as disproportionate sample allocations, to specific groups of schools,

such as those in states, provinces, or other regions;
= Make sure that all parts of a population were included in the sample; and
= Ensure adequate representation of specific groups of the target population in the sample.

There were two types of stratification possible: explicit and implicit. Explicit stratification consists of
building separate school lists, or sampling frames, according to the set of explicit stratification variables
under consideration. Implicit stratification consists essentially of sorting the schools within each explicit
stratum by a set of implicit stratification variables. This type of stratification is a very simple way of
ensuring a strictly proportional sample allocation of schools across all implicit strata. It can also lead to
improved reliability of survey estimates, provided that the implicit stratification variables being considered
are correlated with PISA achievement (at the school level). Guidelines were provided on how to go about
choosing stratification variables.

Table 4.1 provides the explicit stratification variables used by each country, as well as the number of

explicit strata, and the variables and their number of levels used for implicit stratification.”

Treatment of small schools in stratification

In PISA, small, moderately small and very small schools were identified, and all others were considered
large. A small school had an approximate enrolment of 15-year-olds (ENR) below the target cluster size
(TCS = 35 in most countries) of numbers of students to be sampled from schools with large enrolments. A
very small school had an ENR less than one-half the TCS — 17 or less in most countries. A moderately small
school had an ENR in the range of TCS/2 to TCS. Unless they received special treatment, small schools in
the sample could reduce the sample size of students for the national sample to below the desired target
because the in-school sample size would fall short of expectations. A sample with many small schools could
also be an administrative burden. To minimise these problems, procedures for stratifying and allocating

school samples were devised for small schools on the sampling frame.

To determine what was needed — a single stratum of small schools (very small and moderately small
combined), a stratum of very small schools only, two strata, one of very small schools and one of moderately
small schools, or no small school strata if none of the following conditions were true — the sampling

preparation manual stipulated that if:

* The percentage of students in very small schools was 1 per cent or more and the percentage of students
in moderately small schools was 4 per cent or more, then an explicit stratum of moderately small schools

and an explicit stratum for very small schools was required.

= Otherwise, if the percentage of students in very small schools was 1 per cent or more, a stratum for very
small schools was needed, but no stratum for moderately small schools.

= Otherwise, if the percentage of students in very small schools was less than 1 per cent, and the percentage
of students in moderately small schools was 4 per cent or more, a combined stratum for small schools,

which included all very small and moderately small schools, was needed.
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Table 4.1 m Stratification variables

Number
Explicit stratification of explicit
Country variables strata Implicit stratification variables
State/territory (8)
Australia Sector (3) plus 1 for ACT 26 Urban/rural (2)
School size (1)
. School type (16) o
Austria School size (2) 18 District (121)
Belgium
Form of education (5)
Belgium (Flanders) [Public/private (2) 11 Index of overaged students
School size (2)
. Public/private (4) . .
Belgium (French) Special education/other (2) 8 School size (3); index of overaged students
. one explicit stratum (all of .
Belgium (German) GermaFr)l Belgium) 1 School type (3); school size (2)
Regions (5) . : .
Brazil Public/privaieh 1 Type of public, for pubhf: school strata.(Z),
Size (2) urban/rural (2); school infrastructure index (4)
Province (10)
Language (3) . .
Canada Schcg)ol %ize (25) 71 Public/private (2); urban/rural (2)
Certainty selections
School type (6)
. Regions (14) (only for school .
Czech Republic typos Rl 34 Regions (14) (for schools types 3, 4, 5 and 6)
School size (2)
Denmark School size (3) 3 Type of school (4); county (15)
. Region (6)
Finland Urban /rural (2) 12 None
School type (4)
France School size (2) 6 None
School category (3) School type for normal schools (5); state for
Germeil State (16) for normal schools . other schools (16)
Region (10) ) . . E .
Greece Public/private (2) 13 School j[y.pe (4); public/private (2) when both in
. an explicit stratum
Evening schools (1)
. Student academic intake (3); funding source for
Hong Kong-China School type (3) 3 independ SHBARNGREEN
School type (4)
Hungary Small primary schools excluded 5 Geographical region (8)
from TIMSS (1)
Iceland Geographical region (9) 9 Urban/rural (2); school size (4)
Indonesia Province' (26) )3 Type of school (5); pub]ic/.private (2); national
School size (2) achievement score categories (3)
Ireland School size (3) 3 School type (3); school gender composition
categories (5)
Geographical region (11)
Italy Programme (4) 44 Public/private (2)
School size (2)
- Public/private (2) 4 Levels of proportion of students taking
Jap School type (2) university/ college entrance exams (4)
Latvia School size (3) 3 Urbanicity (3); school type (3)
Liechtenstein O.ne exphCi.t stratuoiCRiey 1 None
Liechtenstein)
Luxembourg School type (3) 3 None
Macao-China School type (3) 3 None
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Table 4.1 m Stratification variables (continued)

=
Number 0
Explicit stratification of explicit &
Country variables strata Implicit stratification variables %_
State (32) School type (6); urban/rural (2); school level (3); c
Mexico School size (2), certainty 52 school programme (4 for lower secondary, 3 for =
selection upper secondary)
Netherlands School track level (2) 2 School type depending on track (6)
Public/private (2); socio-economic status
New Zealand Certainty/non-certainty (2) 2 category (3) and urban/rural (2) for public
schools
Norway School type (2), size (4) 4 None
Poland School type (2) 2 Urbanicity (4)
Portugal Gcographical area (7) 9 Public/private (2); socio-economic status
School size (2) category (4)
School type (3)
Republic of Korea Urbanisation (3) 10 School level (2)
School size (2)
Russian Federation PSU (45) 45 School type (3); urbanicity (5)
Serbia Geogr.aphic regi.on (8) 10 Urban/rural (2); school type (7); Hungarian
Certainty selectilons students or not (2)
c Primary/secondary (2) . . .
Slovak Republic Region (8) Schonllsston 20 School type (9); language (2); authority (9)
Region 17)
Spain Public/private (2) 46 Size of town for Catalonia (3); postal code
p Teaching modality for Basque (3) (provinces and districts) for all
School size (2)
Public/private (2) Private: upper secondary or not (2); geographical
Sweden School' s.ize ) 9 area (22.); urbanici"cy (9); public: sc'hoo] type (2);
Urbanicity (5) responsible authority (2); geographical area (22),
Upper secondary income quartile (4)
Language 3)
Canton/region (7) ) . .
Switzerland School has grade 9 or not (2) 37 School type (29); Canton (26) in strata where
. . several Cantons
Public/private (2)
Certainty selections
Department (8)
Thailand School level (3) 15 Region (13)
School size (2)
Tunisia Geographical area (2) 2 Levels of grade repeating for three school levels
PSU (40)
Turkey School size (1) At School type (18)
Certainty selections
United Kingdom
School type (2); exam result categories for not
England School size (2) 2 small schools (7); gender mix for independent,
non-small schools (3); LEA (150)
Northern Ireland Certainty/non-certainty (2) 2 School type (3); aEERE fOT secondar?f N
grammar (4 and 3 levels respectively); region (5)
Scotland School S-grade attainment (5) 5 None
Wales One explicit stratum (all of | Seconde.lry/ independent (2); exam result
Wales) categorles (4) for secondary
United States On.c explicit stratum (all of the 1 Grade span .(5); public/ pr.ivatc~ (2); region of country
United States) (4); urbanicity area (8); minority status (2)
School type (4) Programme (3 or 7 depending on school type);
Uruguay Area (3) 12 shift (4 or 5 depending on school type); area (3)

School size (2)

for private schools

55
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The small school strata were always sorted first by the explicit stratum to which they originally belonged,
followed by the other defined implicit stratification variables.

When small schools were explicitly stratified, it was important to ensure that an adequate sample was
selected without selecting too many small schools as this would lead to too few students in the assessment.

In this case, the entire school sample would have to be increased to meet the target student sample size.

The sample had to be proportional to the number of students and not to the number of schools. Suppose
that 10 per cent of students attend moderately small schools, 10 per cent very small schools and the
remaining 80 per cent attend large schools. In the sample of 5 250, 4 200 students would be expected to
come from large schools (i.e. 120 schools with 35 students), 525 students from moderately small schools
and 525 students from very small schools. If moderately small schools had an average of 25 students, then
it would be necessary to include 21 moderately small schools in the sample. If the average size of very small
schools was 10 students, then 52 very small schools would be needed in the sample and the school sample
size would be equal to 193 schools rather than 150.

To balance the two objectives of selecting an adequate sample of explicitly stratified small schools, a
procedure was recommended that assumes identifying strata of both very small and moderately small
schools. The underlying idea is to under-sample by a factor of two the very small school stratum and
to increase proportionally the size of the large school strata. When there was just a single small school
stratum, the procedure was modified by ignoring the parts concerning very small schools. The formulae
below also assume a school sample size of 150 and a student sample size of 5 250.

= Step 1: From the complete sampling frame, find the proportions of total ENR that come from very small
schools (P), moderately small schools (Q), and larger schools (those with ENR of at least TCS) (R). Thus,
P+Q+R=1.

= Step 2: Calculate the figure L, where L = 1+ (P/2).Thus L is a positive number slightly more than 1.0.

= Step 3: The minimum sample size for larger schools is equal to 150 X R x L, rounded to the nearest
integer. It may need to be enlarged because of national considerations, such as the need to achieve

minimum sample sizes for geographic regions or certain school types.

= Step 4: Calculate the mean value of ENR for moderately small schools (MENR), and for very small schools
(VENR). MENR is a number in the range of TCS/2 to TCS, and VENR is a number no greater than TCS/2.

= Step 5: The number of schools that must be sampled from the stratum of moderately small schools is
given by: (5 250 x Q x L)/ (MENR).

= Step 6: The number of schools that must be sampled from the stratum of very small schools is given by:
(2 625 x P x L)/(VENR).

To illustrate the steps, suppose that in participant country X, the TCS is equal to 35, with 0.1 of the total
enrolment of 15-year-olds each in moderately small schools and in very small schools. Suppose that the
average enrolment in moderately small schools is 25 students, and in very small schools it is 10 students.
Thus P=0.1,Q=0.1,R=10.8, MENR = 25 and VENR = 10.

From Step 2, L = 1.05. Then (Step 3) the sample size of larger schools must be at least 150 x (0.80 x
1.05) = 126.3. That is, at least 126 of the larger schools must be sampled. From Step 5, the number of
moderately small schools required is (5 250 x 0.1 x 1.05)/25 = 22.1 — that is, 22 schools. From Step 6,
the number of very small schools required is (2 625 x 0.1 X 1.05)/10 = 27.6 — that is, 28 schools.
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This gives a total sample size of 126 + 22 + 28 = 176 schools, rather than just 150, or 193 as calculated
above. Before considering school and student non-response, the larger schools will yield a sample of
126 x 35 = 4 410 students. The moderately small schools will give an initial sample of approximately
22 x 25 = 550 students, and very small schools will give an initial sample size of approximately
28 x 10 = 280 students. The total initial sample size of students is therefore 4 410 + 550 + 280 = 5 240.

Assighing a measure of size to each school

For the probability proportional-to-size sampling method used for PISA, a measure of size (M0S) derived
from ENR was established for each school on the sampling frame. Where no explicit stratification of very
small schools was required or if small schools (including very small schools) were separately stratified
because school size was an explicit stratification variable and they did not account for 5 per cent or more
of the target population, MOS was constructed as: MOS = max (ENR, TCS).

The measure of size was therefore equal to the enrolment estimate, unless it was less than the TCS, in
which case it was set equal to the target cluster size. In most countries, TCS = 35 so that the MOS was equal
to ENR or 35, whichever was larger.

As sample schools were selected according to their size (PPS), setting the measure of size of small schools
to 35 is equivalent to drawing a simple random sample of small schools.

School sample selection

Sorting the sampling frame

The sampling preparation manual indicated that, prior to selecting schools from the school sampling frame,
schools in each explicit stratum were to be sorted by variables chosen for implicit stratification and finally
by the ENR value with