Programme for International Student Assessment

Learning for
Tomorrow’s World

First Results from PISA 2003

OECD
ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT



ORGANISATION FOR ECONOMIC CO-OPERATION
AND DEVELOPMENT

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into
force on 30th September 1961, the Organisation for Economic Co-operation and Development (OECD)
shall promote policies designed:

— toachieve the highest sustainable economic growth and employment and a rising standard of living in
member countries, while maintaining financial stability, and thus to contribute to the development
of the world economy;

— to contribute to sound economic expansion in member as well as non-member countries in the
process of economic development; and

— to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in
accordance with international obligations.

The original member countries of the OECD are Austria, Belgium, Canada, Denmark, France,
Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey, the United Kingdom and the United States. The following countries became
members subsequently through accession at the dates indicated hereafter: Japan (28th April 1964), Finland
(28th January 1969), Australia (7th June 1971), New Zealand (29th May 1973), Mexico (18th May 1994),
the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November 1996),
Korea (12th December 1996) and the Slovak Republic (14th December 2000). The Commission of the
European Communities takes part in the work of the OECD (Article 13 of the OECD Convention).

Publié en frangais sous le titre :
Apprendre aujourd’hui, réussir demain — Premiers résultats de PISA 2003

Originalfassungen veroffentlicht unter dem Titel:
Lernen fiir die Welt von morgen — Erste Ergebnisse von PISA 2003

PISA™, OECD/PISA™ and the PISA logo are trademarks of the Organisation for Economic Co-operation and
Development (OECD). All use of OECD trademarks is prohibited without written permission from the OECD.

© OECD 2004

Permission to reproduce a portion of this work for non-commercial purposes or classroom use should be obtained through the Centre frangais
d'exploitation du droit de copie (CFC), 20, rue des Grands-Augustins, 75006 Paris, France, tel. (33-1) 44 0747 70, fax (33-1) 46 34 67 19, for every country
except the United States. In the United States permission should be obtained through the Copyright Clearance Center, Customer Service, (508)750-8400,
222 Rosewood Drive, Danvers, MA 01923 USA, or CCC Online: www.copyright.com. All other applications for permission to reproduce or translate all or part
of this book should be made to OECD Publications, 2, rue André-Pascal, 75775 Paris Cedex 16, France.




Foreword

Compelling incentives for individuals, economies and societies to raise levels of
education have been the driving force for governments to improve the quality of
educational services. The prosperity of countries now derives to a large extent
from their human capital, and to succeed in a rapidly changing world, individuals
need to advance their knowledge and skills throughout their lives. Education
systems need to lay strong foundations for this, by fostering knowledge and
skills and strengthening the capacity and motivation of young adults to continue
learning beyond school.

All stakeholders — parents, students, those who teach and run education systems
as well as the general public — need to be informed on how well their education
systems prepare students for life. Many countries monitor students’ learning in
order to provide answers to this question. Assessment and evaluation — coupled
with appropriate incentives — can motivate students to learn better, teachers to
teach more effectively and schools to become more supportive and productive
environments. Comparative international analyses can extend and enrich the
national picture by providing a larger context within which to interpret national
results. They can provide countries with information to judge their areas of relative
strength and weakness and to monitor progress. They can also stimulate countries
to raise aspirations. And they can provide evidence to direct national policy, for
schools’ curricula and instructional efforts and for students’ learning.

In response to the need for cross-nationally comparable evidence on student
performance, the Organisation for Economic Co-operation and Develoment
(OECD) launched the Programme for International Student Assessment (PISA) in
1997. PISA represents a commitment by governments to monitor the outcomes
of education systems in terms of student achievement on a regular basis and within
an internationally accepted common framework. It aims to provide a new basis for
policy dialogue and for collaboration in defining and implementing educational
goals, in innovative ways that reflect judgements about the skills that are relevant
to adult life. The first PISA assessment was conducted in 2000. Focusing on reading
literacy, PISA 2000 revealed wide differences in the extent to which countries
succeed in enabling young adults to access, manage, integrate, evaluate and reflect
on written information in order to develop their potential and further expand their
horizon. For some countries, the results were disappointing, showing that their
15-year-olds’ performance lagged considerably behind that of other countries,
sometimes by the equivalent of several years of schooling and sometimes despite
high investments in education. PISA 2000 also highlighted significant variation in
the performance of schools and raised concerns about equity in the distribution of
learning opportunities.
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How have things changed since 2000? This report presents first results from the PISA
2003 assessment, which focused on mathematics. It shows that average performance
in the group of the 25 OECD countries for which data can be compared has
increased in one of the two content areas of mathematics that was measured in both
2000 and 2003," while performance in science, reading and the other comparable
area of mathematics has essentially remained unchanged. However, performance
changes have been uneven across OECD countries. Finland, the top performing
country in the PISA 2000 reading assessment, has maintained its high level of
reading performance while further improving its performance in mathematics and
science, placing it now on a par with the East Asian countries, whose performance
in mathematics and science had been previously unmatched. By contrast, in Mexico,
the lowest performing OECD country in the 2000 assessment, the pressure to
expand the still limited access to secondary education (OECD, 2004a) may have
been one of the factors contributing to lower performance in 2003 in all three

assessment areas.

However, the report goes well beyond an examination of the relative standing
of countries in mathematics, science and reading. It also looks at a wider range
of educational outcomes that include students’ motivation to learn, their beliefs
about themselves and their learning strategies. Furthermore, it examines how
performance varies between the genders and between socio-economic groups.
It also provides insights into some of the factors that are associated with the
development of knowledge and skills at home and at school, and into how these
factors interact and what the implications are for policy development. Most
importantly, the report sheds light on countries that succeed in achieving high
performance standards while at the same time providing an equitable distribution
of learning opportunities. Results in these countries pose challenges for other
countries by showing what it is possible to achieve.

The report is the product of a collaborative effort between the countries
participating in PISA, the experts and institutions working within the framework
of the PISA Consortium, and the OECD. The report was drafted by the OECD
Directorate for Education, principally by Andreas Schleicher, ClaudiaTamassia and
Miyako Ikeda, with advice and analytic support from Raymond Adams, Cordula
Artelt (who developed the model underlying Chapter 3), Alla Berezner, Jude
Cosgrove, John Cresswell, Donald Hirsch, Yuko Nonoyama, Christian Monseur,
Claudia Reiter, Wolfram Schulz, Ross Turner and Sophie Vayssettes. Chapters 4
and 5 also draw on analytic work undertaken in the context of PISA 2000 by
Jaap Scheerens and Douglas Willms. The PISA assessment instruments and the

1. In 2003, mathematics was assessed in detail and results are reported on four content scales.
In 2000, a minor assessment of mathematics was reported on only one scale, but the assessment
covered two content areas of the PISA mathematics framework, namely space and shape and change
and relationships (see OECD, 2001a). To allow for comparisons with results from PISA 2003,
separate reporting scales were retrospectively constructed for the 2000 results in these two

content areas.
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data underlying the report were prepared by the PISA Consortium, under the
direction of Raymond Adams at the Australian Council for Educational Research.

The development of the report was steered by the PISA Governing Board that
is chaired by Ryo Watanabe (Japan). Annex C of the report lists the members of
the various PISA bodies as well as the individual experts and consultants who

have contributed to this report and to PISA in general.

The report is published on the responsibility of the Secretary-General of the
OECD.

Ryo Watanabe Barry McGaw
Chair of the PISA Governing Board Director for Education, OECD

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Foreword



Table of Contents

CHAPTER 1
INTRO DU CT ION oo e 19
PISA — AN OVETVIEW ..o e e e 20
What PISA measures and hOw ..., 23
* Literacy in PISA: what is measured................c.ccccoooooiiiioiiiiniicec, 25
* The PISA instruments: how measurement takes place........................ 25
* The PISA student population................c.cccoooiioiiiioiiioiiicccceec, 27
What is different about the PISA 2003 survey?............................ 28
* It establishes a detailed understanding of student performance in
MAthEIMAtICS ..o e, 28
* It deepens exploration of cross-curricular competencies.......................... 29
* It introduces new background information about students
aANd SChOOIS ... e, 29
* It allows for comparison of change over time ... 29
Organisation Of the TePOTt........ccoooiiiiiiiiiiciiec e 30
RE A DE RS GUIDE e e 33
CHAPTER 2
A PROFILE OF STUDENT PERFORMANCE IN MATHEMATICS ..oooviviei 35
INErOAUCTION ..o e e 36
The PISA approach to assessing mathematics performance...................... 37
= How mathematics is defined ..., 37
= How mathematics is measured.............c.ocooooioo oo, 38
= How the PISA tests were constructed ................cocooooooeeeeeeeeeeeeee . 42
* How the PISA tests were designed, analysed and scaled ... 44
* How results are reported ... 46
What students can do in four areas of mathematics ..............cccocooioiiii. 51
* Student performance on the mathematics/space and shape scale ............ 51
* Student performance on the mathematics/ change and
relationships scale ..., 64
* Student performance on the mathematics/ quantity scale ..., 74
* Student performance on the mathematics/ uncertainty scale.................. 85
Overall performance in mathematics.................c.ccooooiiiiiiii, 89
* The relative strengths and weaknesses of countries in different areas
of mathematical content ... 89
* A summary picture of mathematics performance ... 90
= Gender differences in mathematics .............coooooooio oo 95
The socio-economic context of country performance ... 99
Implications for policy ... 103

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W



Table of Contents W

8

CHAPTER 3
STUDENT LEARNING: ATTITUDES, ENGAGEMENT AND STRATEGIES ..........
INETOAUCHION ..o e

* Existing evidence on student approaches to learning and

how it frames PISA’s approach ...
* Measuring whether students are likely to adopt effective

approaches to learning ...

Students’ engagement with learning in mathematics and school
more generally.............

* Interest in and enjoyment of mathematics.................cc..cccooooiiioiie.
= [nstrumental MOtIVAtioN ........ocooovov ool
* Students’ perception of how well school has prepared them for life ........
* Students’ sense of belonging at school ...

Students’ beliefs about themselves ...

= Students’ self-concept in mathematics ...
* Students’ confidence in overcoming difficulties in mathematics...........

Students’ anxiety in mathematics....................ccoooooiiiioiiiiiiiicecccce,

Students’ learning strategies ...

* Controlling the learning process ...
* Memorisation and elaboration strategies..................................

How learner characteristics relate to each other
and influence performance ...

How learner characteristics vary across schools.............................
A summary picture of gender differences in learner characteristics..............

Implications for policy ...

CHAPTER 4
HOW STUDENT PERFORMANCE VARIES BETWEEN SCHOOLS AND
THE ROLE THAT SOCIO-ECONOMIC BACKGROUND PLAYS IN THIS .........

INETOAUCHION ... e

Securing consistent standards for schools: a profile of between-
and within-school differences in student performance.................o

The quality of learning outcomes and equity in the distribution
of learning opportunities ...

Socio-economic difference, school difference and the role that education
policy can play in moderating the impact of socio-economic
disadvantage ...

Implications for policy ...

CHAPTER 5
THE LEARNING ENVIRONMENT AND THE
ORGANISATION OF SCHOOLING .....ooiioiiiiititeiee e

INETrOAUCHION ..o e

The learning environment and school climate ...

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



* Students’ perceptions of individual support from their teachers............ 211
= Student-related factors affecting the school climate for mathematics ...... 214
= Teacher-related factors affecting the general school climate ................. 219
= The combined effect of school climate factors..............cccocooviooeec, 225
School policies and Practices...............ccoocooiiiiiiiiioiiiiiicccccecc, 228
* School admittance policies ... 228
* Assessment policies and practices.............cccoccoooviioiiiioiiiiioiiiieiceeccee 229
* Approaches to school MANAZEIMENL. ... 233
* The combined effect of school policies and practices....................... 238
Resources invested in education.............c.o.ooooooooeeeee e 240
* Student time invested in learning ... 240
* Availability and quality of human resources............................ 245
* The quality of schools’ physical infrastructure and
educational TESOUTCES ..........oov oo e 248
* Public and private stakeholders.................... 250
= The combined effect of school resources ............ccoooieooiie 254
What makes a difference for school performance ... 255
Institutional differentiation...............ocooo oo 261
Implications for policy ... 265
CHAPTER 6
A PROFILE OF STUDENT PERFORMANCE IN READING AND SCIENCE........ 271
INEOAUCTION ..o e 272
How reading literacy is measured in PISA ... 272
Student performance in reading ............................................................................... 273
* The mean performances of countries in reading ........................................ 280
= Differences in reading performance between PISA 2000
And PISA 2003 oo, 282
= Gender differences in reading iteracy ..o 284
How science performance is measured in PISA ... 286
Student performance in SCIENCE ................ccoooioiiiiiiiiiiiiiciccecceccecce, 293
* The mean performances of countries in science..................ccocooee. 293
* Differences in science performance between PISA 2000
AN PISA 2003 oo e, 295
= Gender differences in SCIENCE...........coooov oo, 296
Implications for policy ... 298
" Reading ... 298
B SCIEIICE ..o e, 299
REFE R EN CES o, 301
AN N EX A e 305

Annex A1 Construction of indices and other derived measures
from the student and school context questionnaires..................... 306

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W



Table of Contents W

Annex A2
Annex A3

Annex A4

Annex A5
Annex A6
Annex A7
Annex A8

Issues relating to the reporting of mathematics performance.........

The PISA target population, the PISA samples and
the definition of schools ... ..

Standard errors, significance tests and subgroup
COMPATISONS ...

Quality assurance ...
Development of the PISA assessment instruments...................
Reliability of the marking of open-ended items ...
Comparison of results from the PISA 2000 and PISA 2003

ASSESSITICTIES ...t

ANIN EX B e e
Annex Bl Data tables for the chapters................
Annex B2 Performance differences between regions within countries ..........
ANIN EX e e e
The development and implementation of PISA — a collaborative effort............

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



LIST OF BOXES

Box 1.1

Box 2.1
Box 2.2
Box 2.3

Box 3.1
Box 3.2
Box 3.3
Box 3.4

Box 4.1

Box 5.1

Key features of the PISA 2003 @SSESSIMENL..............cooiiiiiiiiiie e 24
Interpreting SAMPle STAISTICS ..o 58
Interpreting differences in PISA scores: how large @ GAP? 60
Changes in gender differences in mathematics and science performance between lower and

upper levels of educational SYSTEIMS ...............cco.iiiiiiiiiiiiic e 96
Students who regulate their learning perform better. ... 113
Interpreting the PISA indiCes............coo.ooiiiii 117
Comparing the magnitude of differences across countries ..., 117
Do students’ beliefs about their abilities simply mirror their performance? ... 135
How to read FIgure 4.8 .. ... 177
Interpreting the data from schools and their relationship to student performance ... 210

LIST OF FIGURES

Figure 1.1
Figure 1.2

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4a

Figure 2.4b
Figure 2.4c

Figure 2.5

Figure 2.6a
Figure 2.6b
Figure 2.6¢
Figure 2.6d
Figure 2.7a

Figure 2.7b

Figure 2.8

Figure 2.9a
Figure 2.9b
Figure 2.9¢c
Figure 2.9d

Figure 2.10a
Figure 2.10b

Figure 2.11
Figure 2.12a
Figure 2.12b

A AP Of PISA COUNTIIES ... 21
Summary of the assessment areas in PISA 2003 covered in this volume ... 26
The relationship between items and students on a proficiency scale ... 45
Summary descriptions for the six levels of proficiency in mathematics....................coooooiiii 47
A map of selected mathematics TLEIMS ... 48
A sample of mathematics items used in PISA for the space and shape scale:

Unit CARPENTER ... 52
A sample of mathematics items used in PISA for the space and shape scale:

Unit STAIRCASE e 53
A sample of mathematics items used in PISA for the space and shape scale:

Unit NUMBER CUBES .........ooiiiiiiiiieeeeee e 54
Summary descriptions of six levels of proficiency on the mathematics/space and shape scale...................... 55
Percentage of students at each level of proficiency on the mathematics/space and shape scale ... 57
Multiple comparisons of mean performance on the mathematics/space and shape scale............................. 59
Comparisons between PISA 2003 and PISA 2000 on the mathematics/space and shape scale ... 62
Differences in mean scores between PISA 2003 and PISA 2000 on the mathematics/space and shape scale........... 63
A sample of mathematics items used in PISA for the change and relationships scale:

UNIt WALKING ..o 64
A sample of mathematics items used in PISA for the change and relationships scale:

Unit GROWING UP e 66
Summary descriptions of six levels of proficiency on the mathematics/change and relationships scale............ 68
Percentage of students at each level of proficiency on the mathematics/change and relationships scale .......... 70
Multiple comparisons of mean performance on the mathematics/change and relationships scale ...................

Comparisons between PISA 2003 and PISA 2000 on the mathematics/change and relationships scale
Differences in mean scores between PISA 2003 and PISA 2000 on the mathematics/change

and relationships scale............... e 74
A sample of mathematics items used in PISA for the quantity scale:

Unit EXCHANGE RATE ... 75
A sample of mathematics items used in PISA for the quantity scale:

Unit SKATEBOARD ... 76
Summary descriptions of six levels of proficiency on the mathematics/quantity scale........................ 78
Percentage of students at each level of proficiency on the mathematics/quantity scale....................... 80
Multiple comparisons of mean performance on the mathematics/quantity scale..................c.cooo. 81

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W



Table of Contents W

N

Figure 2.
Figure 2.
Figure 2.

Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.

13a

13b

13c¢

14
15a
15b
16a
16b
17
18
19

Figure 2.20

Figure 3.

1

Figure 3.2

Figure 3.3a
Figure 3.3b
Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.
Figure 3.
Figure 3.
Figure 3.

Figure 3.

Figure 4.

10
11
12
13

14

1

Figure 4.2

Figure 4.3
Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.
Figure 4.
Figure 4.
Figure 4.

10
11
12
13

A sample of mathematics items used in PISA for the uncertainty scale:

Unit ROBBERIES ... ..o e 82
A sample of mathematics items used in PISA for the uncertainty scale:

Unit TEST SCORES ... e e 83
A sample of mathematics items used in PISA for the uncertainty scale:

Uit EX P O R T S e 84
Summary descriptions of six levels of proficiency on the mathematics/uncertainty scale ... 85
Percentage of students at each level of proficiency on the mathematics/uncertainty scale ... 87
Multiple comparisons of mean performance on the mathematics/uncertainty scale ... 88
Percentage of students at each level of proficiency on the mathematics scale ... 91
Multiple comparisons of mean performance on the mathematics scale...................c.ccoooiiiiii, 92
Distribution of student performance on the mathematics scale ... 94
Gender differences in student performance in mathematics ... 97
Student performance and national iNCOMIE ................o.ccooiiiiiiii e, 100
Student performance and spending per student ... 102
Characteristics and attitudes of students as learners in mathematics ... 115
Students’ interest in and enjoyment of mathematics........................ 120
Students’ instrumental motivation in mathematics ... 122
Students’ instrumental motivation in mathematics and their educational expectations.............ccc.cccocovvininnne. 124
Students’ attitudes towards SChoOl....................oo i 126
Students’ sense of belonging at school ..., 129
Students’ self-concept in Mathematics ...........c...ccooiiiiiiiioiii e 134
Students’ self-efficacy in mathematics ... 137
Students’ anxiety in MathemMatics ..o 139
Effective learning: Control Strate@ies ... 143
Effective learning: Memorisation Strategies ...........c...cooovimiiiiiii o 144

Effective learning: Elaboration strategies....
Individual factors associated with control strategies and performance, when accounting for other factors......... 147

The combined explanatory power of student learning characteristics on mathematics performance

aNd CONTIOL SETALCGIS ... 149
Gender differences in mathematics and other learning characteristics as measured by effect sizes ......... 152-154
Variance in student performance between schools and within schools on the mathematics scale.................... 162
Place of birth and student performance..................ccocooiiiiiiiiiii i 168
Home language and student performance ... 170

Student performance differences and socio-economic background differences by
students” immigrant background ...

Differences in mathematics performance associated with students’ immigrant background.

Differences in mathematics performance associated with students” immigrant background

and home Janguage ... 173
Effects of student-level factors on student performance in mathematics ..., 175
Relationship between student performance in mathematics and socio-economic background

for the OECD area as @ Whole ..o 176
Relationship between student performance in mathematics and socio-economic background ... 179
Performance in mathematics and the impact of socio-economic background ... 183
Effects of students’ and schools’ socio-economic background on student performance in mathematics ....... 188
Performance-targeted, socio-economically targeted, compensatory and universal policies ... 192
Relationship between school performance and schools’ socio-economic background ... 199-203

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8

Figure 5.9
Figure 5.10

Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 5.20a
Figure 5.20b

Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13

Teacher support in mathematics....................oooiiii
Student-related factors affecting the school climate ...
Students’ views on the disciplinary climate in their mathematics lessons

Teacher-related factors affecting the school climate ...
Teachers’ morale and COMMUEtIMENT ................cocooiiiiiiiee e
Students’ morale and COMMUTIMENT. ...............coco.ciiiiiiioe e
Impact of school climate on school performance in mathematics ..............c.c.ccoocooiiiiiioiiiiiioiincccce e,
School admittance POLICIES ...............coiiiiiiiii i
Methods of assessment and mathematics performance ...,
Percentage of students in schools where the principals report using assessment results

for the folloWIng PUIPOSES ... 233
Involvement of schools in decision-making ... 234
Involvement of stakeholders in decision-making at school ... 237
Impact of school policies and practices on school performance in mathematics....................oo, 239
Student learning timMe ... 242
Pre-school attendance and sChOOl SUCCESS ................ocoooviiiiiiieeeeeeeeeee e 244
Teacher ShOTtage .. ... 246
Monitoring practices of mathematics teachers ... 249
Public and private SChOOLS ... 253
Impact of school resources on school performance in mathematics ..., 254
Structural features of school systems across the OECD countries ...............cccoccoooioiioiiioiioiincocccecccee, 262
Inter-correlation matrix of averages of structural features across the OECD countries..................ccooo... 263
Summary descriptions for the five levels of proficiency in reading literacy ..., 274
Percentage of students at each level of proficiency on the reading scale ... 277
Multiple comparisons of mean performance on the reading scale.................... 281
Differences in mean scores between PISA 2003 and PISA 2000 on the reading scale........................... 282
Comparisons between PISA 2003 and PISA 2000 in reading..................cooooooiiiiiiiiie, 283
Gender differences in reading performance in PISA 2003 and PISA 2000 ..., 285
Proportion of males and females among the lowest performers on the reading scale........................... 286
A sample of science items used in PISA: Unit DAYLIGHT ..., 288
A sample of science items used in PISA: Unit CLONING ..........c.occcooiiiiiiiiiiiiniiiiecseeee e 290
Multiple comparisons of mean performance on the science scale ..., 294
Differences in mean scores between PISA 2003 and PISA 2000 on the science scale ..............c.ccccococooee. 295

Comparisons between PISA 2003 and PISA 2000 in science
Gender differences in science performance in PISA 2003 and PISA 200

LIST OF TABLES

Table A1.1
Table A1.2

Table A2.1
Table A3.1
Table A3.2
Table A3.3
Table A6.1

Table A6.2
Table A6.3

Levels of parental education converted into years of schooling ..., 308
A multilevel model to estimate grade effects in mathematics controlling

for some background variables. ...
Comparison of performance between the four mathematics scales ...
PISA target populations and samples ...

EXCIUSIONS ...

RESPOIISE TALES. ...

Distribution of items by the dimensions of the PISA framework for the assessment
OF MAthEIMATICS ...t 334

Distribution of items by the dimensions of the PISA framework for the assessment of reading................. 334

Distribution of items by the dimensions of the PISA framework for the assessment of science....................... 335

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W

WN



Table of Contents W

Table 2.1a
Table 2.1b
Table 2.1c

Table 2.1d

Table 2.2a
Table 2.2b

Table 2.2¢

Table 2.2d

Table 2.3a
Table 2.3b
Table 2.3c
Table 2.4a
Table 2.4b
Table 2.4c

Table 2.5a
Table 2.5b
Table 2.5¢
Table 2.5d

Table 2.6

Table 3.1

Table 3.2a

Table 3.2b

Table 3.2¢

Table 3.3

Table 3.4

Table 3.5a

Table 3.5b

Table 3.5c¢

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Percentage of students at each level of proficiency on the mathematics/space and shape scale ... 340
Percentage of students at each level of proficiency on the mathematics/space and shape scale, by gender......... 341

Mean score, variation and gender differences in student performance on the mathematics/space

and shape scale in PISA 20003 ... 342
Mean score, variation and gender differences in student performance on the mathematics/space

and shape scale in PISA 2000 ............ccooiiiiiiiiiiie e 343
Percentage of students at each level of proficiency on the mathematics/ change and relationships scale ........ 344
Percentage of students at each level of proficiency on the mathematics/change

and relationships scale, by gender.................. e, 345
Mean score, variation and gender differences in student performance on the mathematics/change

and relationships scale in PISA 20003 ... 346
Mean score, variation and gender differences in student performance on the mathematics/change

and relationships scale in PISA 2000...............ccoooiiiiiiiiiiiiii e 347
Percentage of students at each level of proficiency on the mathematics/ quantity scale........................... 348
Percentage of students at each level of proficiency on the mathematics/ quantity scale, by gender................. 349
Mean score, variation and gender differences in student performance on the mathematics/quantity scale......... 350
Percentage of students at each level of proficiency on the mathematics/uncertainty scale ... 351
Percentage of students at each level of proficiency on the mathematics/uncertainty scale, by gender........... 352
Mean score, variation and gender differences in student performance on

the mathematics/uncertainty scale ... 353
Percentage of students at each level of proficiency on the mathematics scale ... 354
Percentage of students at each level of proficiency on the mathematics scale, by gender.................... 355
Mean score, variation and gender differences in student performance on the mathematics scale................... 356
Gender differences in student performance on the mathematics scale after taking

student Programmes MO ACCOUNL.............cooo. i 357
Economic and social indicators and the relationship with performance in mathematics ..................cooo..... 358

Index of interest in and enjoyment of mathematics and performance on the mathematics scale,

by national quarters of the index ... 359
Index of instrumental motivation in mathematics and performance on the mathematics scale,

by national quarters of the Index ... 360
Index of instrumental motivation in mathematics by students’ expected educational level ..................... 361-362
Index of instrumental motivation in mathematics by students’ programme designation................... 363-364

Percentage of students expecting a certain class of occupations at age 30 and performance
on the mathematics and reading scales, by gender ..., 365-366

Index of attitudes towards school and performance on the mathematics scale,

by national quarters of the index ... 367
Index of sense of belonging at school and performance on the mathematics scale,

by national quarters of the Index ... 368
369-370

Student- and school-level correlations between the index of students’ sense of belonging at school and student

Index of students’ sense of belonging at school by students’ programme destination

performance and variance in student performances on the mathematics scale explained by the index

of students’ sense of belonging at school ... 371
Index of self-concept in mathematics and performance on the mathematics scale,

by national quarters of the Index ... 372
Index of self-efficacy in mathematics and performance on the mathematics scale,

by national quarters of the INdeX ... 373
Index of anxiety in mathematics and performance on the mathematics scale,

by national quarters of the Index ... 374
Index of control strategies and performance on the mathematics scale,

by national quarters of the INdex ... 375

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



Table 3.10
Table 3.11

Table 3.12
Table 3.13
Table 3.14

Table 3.15
Table 3.16

Table 4.1a
Table 4.1b

Table 4.2
Table 4.2a

Table 4.2b
Table 4.2¢
Table 4.2d

Table 4.2e
Table 4.2f

Table 4.2¢g
Table 4.2h
Table 4.3a
Table 4.3b
Table 4.4
Table 4.5

Table 4.6

Table 5.1a

Table 5.1b
Table 5.2a

Table 5.2b
Table 5.3a

Table 5.3b
Table 5.4a

Index of memorisation strategies and performance on the mathematics scale,

by national quarters of the ndex ... 376
Index of elaboration strategies and performance on the mathematics scale,

by national quarters of the Index ... 377
Relationships between selected learner characteristics and student performance in mathematics................... 378
Relationships between selected learner characteristics and student use of control strategies ... 379
Correlations between anxiety in mathematics and interest in and enjoyment

OF MAtNEMATICS ... 380
Percentage of variance in learner characteristics that lies between schools................................. 381
Gender differences in learner characteristics, measured in terms of effect sizes....................ccccocooviiiiiinnnn 382

Between-school and within-school variance in student performance

on the mathematics scale in PISA 2003 ... 383
Between-school and within-school variance in student performance

on the mathematics scale in PISA 2000 ... 384
Effects of student-level factors on student performance in mathematics ..............c.ccoocoociriioiiniioiiociccnn, 385

International socio-economic index of occupational status (HISEI) and performance

on the mathematics scale, by national quarters of the index ... 386
Percentage of students and performance on the mathematics, reading and science scales,

by highest level of mothers” education ... 387-388
Percentage of students and performance on the mathematics, reading and science scales,

by highest level of fathers’ education................cco.coiriiiiiiiiiiieiecec e 389-390
Index of possessions in the family home related to “classical” culture and performance

on the mathematics scale, by national quarters of the index ..., 391
Percentage of students and performance on the mathematics scale, by type of family structure ... 392
Percentage of students and performance on the mathematics, reading and science scales,

by students’ nationality and the nationality of their parents ... 393-394
Percentage of students and performance on the mathematics, reading and science scales,

by language spoken at home ... 395
The relationship between place of birth and home language with the economic,

social and cultural status of STUAENTS. ................coooiiiiiice e 396

Relationship between student performance in mathematics and the PISA index of economic,

social and cultural status (ESCS) in PISA 2003 ... 397
Relationship between student performance in mathematics and the PISA index of economic,

social and cultural status (ESCS) in PISA 2000 ...........ocooiiiiiiiiiie e 398
Index of economic, social and cultural status (ESCS) and performance on the mathematics scale,

by national quarters of the Index ... 399
Decomposition of the gradient of the PISA index of economic, social and cultural status (ESCS)

into between-school and within-school components................ccc.cooiiiiiiiiiices 400-401
Relationship between parents’ years of schooling and performance in mathematics ..., 402

Index of teacher support in mathematics lessons and student performance on

the mathematics scale, by national quarters of the index ...

Teacher support in PISA 2003 (mathematics) and PISA 2000 (language of instruction)

Index of principals’ perceptions of student-related factors affecting school climate and student

performance on the mathematics scale, by national quarters of the index...................cccoooiiii, 406
Student-related factors affecting school climate in PISA 2003 and PISA 2000 ..., 407
Index of disciplinary climate in mathematics lessons and student performance

on the mathematics scale, by national quarters of the index ... 408
Disciplinary climate in PISA 2003 (mathematics) and PISA 2000 (language of instruction) ... 409

Index of principals’ perceptions of teacher-related factors affecting school climate and
student performance on the mathematics scale, by national quarters of the index.......................... 410

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W



Table of Contents W

Table 5.4b
Table 5.5a

Table 5.5b
Table 5.6a

Table 5.6b
Table 5.7

Table 5.8
Table 5.9
Table 5.10
Table 5.11a
Table 5.11b

Table 5.12
Table 5.13

Table 5.14
Table 5.15

Table 5.16
Table 5.17

Table 5.18

Table 5.19

Table 5.20

Table 5.21a

Table 5.21b

Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8

Table B2.1
Table B2.2
Table B2.3
Table B2.4
Table B2.5
Table B2.6

Teacher-related factors affecting school climate in PISA 2003 and PISA 2000 ..., 411
Index of principals’ perceptions of teachers’ morale and commitment and student performance

on the mathematics scale, by national quarters of the index ... 412
Principles’ perceptions of teachers’ morale and commitment in PISA 2003 and PISA 2000 ........................... 413
Index of principals’ perceptions of students’ morale and commitment and student performance

on the mathematics scale, by national quarters of the index ... 414
Principles’ perceptions of students’ morale and commitment ..., 415
Strength of the relationship between the student and school socio-economic context,

and school climate factors on student performance in mathematics ..o, 416
School admittance POLICIES ...............coviiiiiiii e 417
Methods of assessment and student performance in mathematics..................cccccooooiiiioiiiois 418-420
Use of assessment results and student performance in mathematics....................cccoooiiiioiinionii 421-424
School policy and management in PISA 2003 and PISA 2000................cccoooooiioiiiiiiiiiece 425-426
Relationship between student performance in mathematics and aspects of school policy

and management in PISA 2003 and PISA 2000 ................ccoooiiiiiiiiiiiiie e 427
Involvement of stakeholders in decision-making at school ... 428-429

Strength of the relationship between student and school socio-economic context,

and school policies and practices on student performance in mathematics................c...cccccocooioiioiiniiin 430
Student learning thMe ... 431
Index of teacher shortage and student performance on the mathematics scale,

by national quarters of the index ... 432
Monitoring practices of mathematics teachers ... 433

Index of the quality of the schools’ physical infrastructure and student performance
on the mathematics scale, by national quarters of the index ... 434

Index of the quality of the schools’ educational resources and student performance
on the mathematics scale, by national quarters of the index ... 435

Percentage of students and student performance on the mathematics and reading scales,
by type of SChOOL...........cooiii e 436-437

Strength of the relationship between student and school socio-economic context,

and school resources on student performance in mathematics ..., 438
Effects of student-level and school-level factors on performance on the mathematics scale,

for all OECD countries COMDBINEd..................cocoiiiiiiioiceeeeeeeeeeee e 439
Effects of student-level and school-level factors on performance on the mathematics scale................... 440-442

Percentage of students at each level of proficiency on the reading scale

Mean score and variation in student performance on the reading scale

Mean score on the reading scale, by gender ...
Percentage of students scoring below 400 points and above 600 points on the reading scale................. 446
Percentage of students at each level of proficiency on the reading scale, by gender......................... 447

Mean score and variation in student performance on the science scale

Mean score on the science scale, by gender...................

Percentage of students scoring below 400 points and above 600 points on the science scale ... 450
Percentage of students at each level of proficiency on the mathematics scale ... 451
Percentage of students at each level of proficiency on the mathematics scale, by gender.................... 452
Mean score, variation and gender differences in student performance on the mathematics scale ... 453
Percentage of students at each level of proficiency on the reading scale ... 454
Mean score, variation and gender differences in student performance on the reading scale................... 455
Percentage of students at each level of proficiency on the reading scale, by gender......................... 456

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



Table B2.7
Table B2.8

Table B2.9

Table B2.10

Table B2.11

Table B2.

—_

2

Table B2.13

Table B2.14

Table B2.15

Table B2.16

Table B2.17

Table B2.18

Table B2.19
Table B2.20
Table B2.21

Mean score, variation and gender differences in student performance on the science scale ... 457
International socio-economic index of occupational status (HISEI) and performance on the

mathematics scale, by national quarters of the index........................... 458
Index of economic, social and cultural status (ESCS) and performance

on the mathematics scale, by national quarters of the index ..., 459
Index of teacher support in mathematics lessons and student performance

on the mathematics scale, by national quarters of the index ... 460
Index of principals’ perceptions of student-related factors affecting school climate

and student performance on the mathematics scale, by national quarters of the index ... 461
Index of disciplinary climate and student performance

on the mathematics scale, by national quarters of the index ... 462
Index of principals’ perceptions of teacher-related factors affecting school climate

and student performance on the mathematics scale, by national quarters of the index ... 463
Index of principals’ perceptions of teachers’ morale and commitment and

student performance on the mathematics scale, by national quarters of the index.................oone, 464
Index of principals’ perceptions of students’ morale and commitment and

student performance on the mathematics scale, by national quarters of the index...................... 465
Index of teacher shortage and student performance on the mathematics scale,

by national quarters of the Index ... 466
Index of the quality of the schools’ physical infrastructure and student performance

on the mathematics scale, by national quarters of the index ... 467
Index of the quality of the schools’ educational resources and student performance

on the mathematics scale, by national quarters of the index ... 468
PISA target populations and samples....
EXCIUSIONS ... 470
RESPOIISE TALES. ... 471

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Table of Contents W



!
) 1
Iy
e
(8 L5

Learning for Tomorrow’s World —
First Results from PISA 2003

Erratum |l

Errafcum

03/12/2004

PAGE 122
Figure 3.3a

The heading of the second column of data (which reads: “Learning mathematics is important...”) should
read: “Learning mathematics is worthwhile for me because it will improve my career prospects.”

PAGE 200
Figure 4.13 — Japan

The lines for Japan for the “Relationship between student performance and students’ socio-economic
background within schools” and “Relationship between school performance and schools’ socio-economic

background” should be inverted.

PAGE 201
Figure 4.13 — Netherlands

The background of the figure, with the symbols representing schools is incorrect. The lines are correct.

Performance on
the mathematics scale
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]
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PAGE 242
Figure 5. 14

The data for the amount of time spent on mathematics does not align with the correct country.

Figure 5.14 ® Student learning time

Students’ reports of the average number of
hours spent on the following “out-of-school”
activities during each school week:

Homework or other study set by their teachers

Working with a tutor

B Attending out-of-school classes
B Other study

ALL SUBJECTS

Out of school
.
im
.

In school

301 20

1. Response rate too low to ensure comparability (see Annex A3).
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Source: OECD PISA 2003 database, Table 5.14.
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Students’ reports of the average number of
hours spent on the following “in-school”
activities during each school week:

Instructional time
Remedial classes
M Enrichment classes
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Out of school
L]
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S
First paragraph should read as following with the two mistakes identified in bold: pd

Taken together, the students’ characteristics, the socio-economic background of students and schools, W

the students’ and school principals’ perceptions of the school climate, the school principals’ reports on

school policies and practices, and the assessment of the availability and quality of educational resources, as

measured by PISA, account for 54 per cent of the variation in the average performance of OECD countries,

an average of 71 per cent of the performance variation between schools within countries, and an average

of 8 per cent of the performance variation of students within schools (see Model 4 inTable 5.21a).

PAGE 428-429
Table 5.12 — corrections for Finland
Percentage of students in schools where the principals report that the following stakeholders exert a direct
influence on decision-making about staffing
Regior}al or natic.)r%al The schcaol s Parent Teacher Student Ext.ernal
eduCathn authorltles governlng Employers examination
(e.g- inspectorates) board groups groups groups board
% S.E. % S.E. % S.E. % S.E. % SE. | % | S.E. % S.E.

Finland | 250 | (3.1) | 88.3 | (2.6) | 52.4 | (4.2) | 2.8 | (1.3) | 42.4 | (4.0) | 1.6 | (1.0)] 1.1 | (0.8)
Percentage of students in schools where the principals report that the following stakeholders exert a direct
influence on decision-making about budgeting

Regior}al or natic.)r{al The schcaol s Parent Teacher Student Ext.erna.l
eduCathn authorltles governlng Employers - r r examination
(e.g. inspectorates) board groups groups groups board
% S.E. % S.E. % S.E. % S.E. % SE. | % | S.E. % S.E.

Finland | 40.2 (3.5 | 96.9 | (1.3) | 53.3 | (3.9) | 4.8 | (1.7) | 32.2 | (4.0) | 4.5|(1.6)| 0.4 | ¢
Percentage of students in schools where the principals report that the following stakeholders exert a direct
influence on decision—making about instructional content

chior.lal or natio.n.al The sch(?ol s Parent Teacher Student Ext.crna.l
education authorities governing Employers examination
(e.g. inspectorates) board groups groups groups board
% S.E. % S.E. % S.E. % S.E. % | SSE. | % S.E. % S.E.

Finland | 794 | (2.6) | 67.6 | 3.3) | 21.8 | (3.1) | 54.0| (3.8) |83.9] (2.8)]43.7] +.2) | 9.0 | (2.2
Percentage of students in schools where the principals report that the following stakeholders exert a direct
influence on decision-making about assessment practices

Regioraal or nati(?n.al The sch(aol S Parent Teacher Student Ext.ernal
education authorities governing Employers examination
(e.g- inspectorates) board groups groups groups board
% S.E. % S.E. % S.E. % S.E. % | S.E. % S.E. % S.E.

Finland | 85.4 (2.6) | 66.8 | (3.8) | 17.6 |(3.0)| 55.6 | (3.9) | 79.0] (2.9)]28.5|(3.7)| 26.0 | (3.4
PAGE 475
Annex C — Members of the PISA Governing Board, correction for Spain

Spain: Carme Amoros Baste, Guillermo Gil and Josu Sierra Orrantia
=
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Introduction =

PISA secks to assess
how well 15-year-olds
are prepared for life’s
challenges.

PISA is a collaborative
effort by governments to
monitor student progress

in a (q]oba]xﬁamework. ..

...with leading experts
producing valid cross-

COUH[U’ assessments.

PISA - AN OVERVIEW

In 2003, the OECD’s Programme for International Student Assessment (PISA)
conducted its second three-yearly survey of student knowledge and skills. This
report summarises the results.

PISA secks to measure how well young adults, at age 15 and therefore approaching
the end of compulsory schooling, are prepared to meet the challenges of today’s
knowledge societies. The assessment is forward-looking, focusing on young
people’s ability to use their knowledge and skills to meet real-life challenges,
rather than merely on the extent to which they have mastered a specific school
curriculum. This orientation reflects a change in the goals and objectives of
curricula themselves, which are increasingly concerned with what students can
do with what they learn at school, and not merely whether they can reproduce

what they have learned.

Key features driving the development of PISA have been:

* its policy orientation, with design and reporting methods determined by the
need of governments to draw policy lessons;

* the innovative “literacy” concept that is concerned with the capacity of students
to apply knowledge and skills in key subject areas and to analyse, reason and
communicate effectively as they pose, solve and interpret problems in a variety

of situations;

* its relevance to lifelong learning, which does not limit PISA to assessing
students’ curricular and cross-curricular competencies but also asks them
to report on their own motivation to learn, their beliefs about themselves
and their learning strategies;

* its regularity, which will enable countries to monitor their progress in meet-

ing key learning objectives; and

* its breadth of geographical coverage and collaborative nature, with the 49
countries that have participated in a PISA assessment so far and the 11 addi-
tional countries that will join the PISA 2006 assessment representing a total of
one third of the world population and almost nine-tenths of the world’s gross
domestic product (GDP).’

PISA is the most comprehensive and rigorous international programme to assess
student performance and to collect data on student, family and institutional
factors that can help to explain differences in performance. Decisions about
the scope and nature of the assessments and the background information to
be collected are made by leading experts in participating countries, and are
steered jointly by their governments on the basis of shared, policy-driven
interests. Substantial efforts and resources are devoted to achieving cultural
and linguistic breadth and balance in the assessment materials. Stringent quality
assurance mechanisms are applied in translation, sampling and data collection.
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Figure 1.1 m A map of PISA countries

B OECD countries

Australia
Austria
Belgium
Canada
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Iceland
Ireland

Italy

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal

Slovak Republic

Spain
Sweden
Switzerland
Turkey

United Kingdom

United States

I>

M Partner countries in

PISA 2003

Brazil

Hong Kong-China
Indonesia

Latvia
Liechtenstein
Macao-China
Russian Federation
Serbia and Montenegro
Thailand

Tunisia

Uruguay

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Partner countries in

other PISA assesments

Albania
Argentina
Azerbaijan
Bulgaria

Chile
Colombia
Croatia
Estonia

Israel

Jordan
Kazakhstan
Kyrgyz Republic
Lithuania
Macedonia
Peru

Qatar
Romania
Slovenia
Chinese Taipei

Introduction =

21



Introduction =

PISA 2003 was carried
out in 41 countries,

most of which also
administered PISA 2000;
the focus shifted from
reading in 2000 to
mathematics in 2003.

PISA was created by the
OECD countries but is
now used by a growing

number of countries.

This report looks at
student performance in
PISA 2003 and at factors

associated with success.

As a consequence, the results of PISA have a high degree of validity and reliability,
and can significantly improve understanding of the outcomes of education in the
world’s most developed countries, as well as in a growing number of countries

at earlier stages of economic development.

The first PISA survey was conducted in 2000 in 32 countries (including 28
OECD member countries) and repeated in 11 further partner countries in
2002. Two-thirds of the assessment focused on reading, with the other third
giving a summary of performance in mathematics and science. First results were
published in 2001 (OECD, 2001a) and 2003 (OECD, 2003c), and followed
by a series of thematic reports looking in more depth at various aspects of the
results.” PISA 2003, reported on here, was conducted in 41 countries, including
all 30 OECD countries (Figure 1.1). It included an in-depth assessment of
mathematics and assessments with less detail in science, reading and problem
solving. In the next three-yearly survey, PISA 2006, the primary focus will be on

science, and it will return to reading in 2009.°

Although PISA was originally created by the OECD governments in response to
their own needs, it has now become a major policy tool for many other countries
and economies as well. PISA is playing an increasing policy role in regions around
the world, and the survey has now been conducted or is planned in partner
countries in Southeast Asia (Hong Kong-China, Indonesia, Macao-China, Chinese
Taipei and Thailand), Eastern Europe (Albania, Bulgaria, Croatia, Estonia, Latvia,
Lithuania, the Former Yugoslav Republic of Macedonia, Romania, The Russian
Federation, Serbia* and Slovenia), the Middle East (Jordan, Israel and Qatar),
South America (Argentina, Brazil, Chile, Colombia, Peru and Uruguay) and North
Africa (Tunisia). Across the world, policy makers use PISA findings to:

* gauge the literacy skills of students in their own country in comparison with
those of the other participating countries;

* establish benchmarks for educational improvement, for example, in terms of
the mean scores achieved by other countries or their capacity to provide high
levels of equity in educational outcomes and opportunities; and

* understand relative strengths and weaknesses of their education system.

National interest in PISA is illustrated by the many reports produced in
participating countries and by the numerous references to the results of PISA
in public debates and the media throughout the world (see www.pisa.oecd. org for

examples).

The initial results of PISA 2003 are presented in two volumes. This report is the
first volume; it summarises the performance of students in PISA 2003 and uses
the information gathered to analyse what factors may help to promote success in
education. The second volume, Problem Solving for Tomorrow’s World — First Measures
of Cross-Curricular Competencies from PISA 2003 (OECD, 2004d), reports on the
new assessment of cross-curricular problem solving, and the PISA 2003 Technical
Report (OECD, forthcoming) explains the methodology underlying PISA.
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In addition to reporting the performance of students, schools and countries in
mathematics, science and reading, this report uses background information on
students, schools and education systems to examine a range of factors associated
with different levels of performance. By revealing patterns of student proficiency in
different countries alongside information about the characteristics and experiences
of students, PISA provides a powerful tool to improve understanding of what
promotes success in education. The remainder of this chapter looks in turn at:

= what PISA measures (overall and within each assessment area), the methods
that were employed and the target population that is involved;

* what is distinctive about PISA 2003, including the extent to which the repeat
of the survey allows comparisons over time; and

* how the report is organised.

WHAT PISA MEASURES AND HOW

A framework and conceptual underpinning for each assessment area in PISA was
developed by international experts from participating countries and following
consultation, agreed upon by governments of the participating countries
(OECD, 1999a and OECD, 2003e). The framework starts with the concept of
“literacy”, which is concerned with the capacity of students to apply knowledge
and skills and to analyse, reason and communicate effectively as they pose, solve
and interpret problems in a variety of situations.

The concept of literacy used in PISA is much broader than the historical notion
of the ability to read and write. It is measured on a continuum, not as something
that an individual either does or does not have. It may be necessary or desirable
for some purposes to define a point on a literacy continuum below which levels
of competence are considered inadequate, but the underlying variability is
important. A literate person has a range of competencies and there is no precise

dividing line between a person who is fully literate and one who is not.

The acquisition of literacy is a lifelong process — taking place not just at school
or through formal learning, but also through interactions with peers, colleagues
and wider communities. Fifteen-year-olds cannot be expected to have learned
everything they will need to know as adults, but they should have a solid foundation
of knowledge in areas such as reading, mathematics and science. In order to continue
learning in these subject areas and to apply their learning to the real world, they also
need to understand fundamental processes and principles and to use these flexibly in
different situations. It is for this reason that PISA assesses the ability to complete tasks
relating to real life, depending on a broad understanding of key concepts, rather than
limiting the assessment to the possession of subject-specific knowledge.

As well as assessing competencies in the three core assessment areas, PISA
aims to progressively examine competencies across disciplinary boundaries.
PISA 2000 made a start by asking students about motivation and other aspects
of their attitudes towards learning, their familiarity with computers and,

PISA builds on an

internationally agreed

) framework

for assessment that

7. »
measures hteracy .

...in the broad sense of
a continuum of student

competencies.

These are acquired
throughout life, applied

to real situations. . .

...and not restricted to
subject disciplines, but
considering broader learner

characteristics and skills.
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Box 1.1 m Key features of the PISA 2003 assessment

Content

* The survey covers mathematics (the main focus in 2003), reading, science and problem solving,
PISA considers student knowledge in these areas not in isolation but in relation to students’ ability
to reflect on their knowledge and experience and to apply them to real world issues. The emphasis
is on the mastery of processes, the understanding of concepts, and the ability to function in various
situations within each assessment area.

* PISA integrates the assessment of subject-specific knowledge with cross-curricular competencies. In
PISA 2003, as in 2000, students assessed their own characteristics as learners. The 2003 survey also

introduced the first assessment of wider student competencies — assessing problern—solving abilities.

Methods

* Each participating student spent two hours carrying out pencil-and-paper tasks.

* Questions requiring students to construct their own answers were combined with multiple-choice
items. Items were typically organised in units based on a written passage or graphic, of the kind
that students might encounter in real life.

* A total of six-and-a-half hours of assessment items was included, with different students taking
different combinations of the assessment items. Three-and-a-half hours of testing time was in
mathematics, with one hour each for reading, science and problem solving,

* Students answered a questionnaire that took about 30 minutes to complete and focused on their
background, their learning habits and their perceptions of the learning environment, as well as on
their engagement and motivation.

* School principals completed a questionnaire about their school that included demographic

characteristics as well as an assessment of the quality of the learning environment at school.

Outcomes
* A profile of knowledge and skills among 15-year-olds in 2003.

* Contextual indicators relating performance results to student and school characteristics.
* A knowledge base for policy analysis and research.
* A first estimate of change in student knowledge and skills over time, between the assessments in

2000 and 2003.

Sample size
* Well over a quarter of a million students, representing about 23 million 15-year-olds in the schools
of the 41 participating countries, were assessed on the basis of scientific probability samples.

Future 3ssessments
= The PISA 2006 assessment will focus on science and PISA 2009 will return to a focus on reading.

* Part of future assessments will require students to use computers, expanding the scope of the
skills that can be tested and reflecting the importance of information and computer technology

(ICT) as a medium in modern societies.
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under the heading “self-regulated learning”, aspects of their strategies for
managing and monitoring their own learning. In PISA 2003, these elements
were further developed and complemented with an assessment of problem-
solving knowledge and skills. In subsequent PISA surveys, further cross-
curricular competencies, as well as the use of information technologies, will
play a growing role.

Literacy in PISA: what is measured

The assessment areas covered by PISA are defined in terms of:

= the content or structure of knowledge that students need to acquire in eac

assessment area (e.g., familiarity with mathematical concepts);

* the processes that need to be performed (e.g., pursuing a certain mathematical
argument); and

* the situations in which students encounter mathematical problems and relevant
knowledge and skills are applied (e.g., making decisions in relation to one’s
personal life, or understanding world affairs).

Details of what is covered under mathematics, science and reading are
considered in Chapters 2 and 6, and further elaborated in The PISA 2003
Assessment Framework: Mathematics, Reading, Science and Problem Solving Knowledge
and Skills (OECD, 2003e). Figure 1.2 summarises the core definition of each
area of literacy and how the three dimensions are developed in each case.

The PISA instruments: how measurement takes place

As in PISA 2000, the assessment instruments in PISA 2003 were developed
around units of assessment — a series of texts followed by a number of questions
on various aspects of each text, aiming to make tasks as close as possible to those

encountered in the real world.

The questions varied in format, but across the assessment areas of mathematics,
science and reading about 50 per cent of the questions required students to
construct their own responses, either by providing a brief answer from a wide
range of possible answers (short-response items) or by constructing a longer
response (open-constructed response items), allowing for the possibility of
divergent, individual responses and opposing viewpoints. Partial credit was
provided for partially correct or less sophisticated answers, with all of these
items marked by experts. To ensure consistency in the marking process, many
of the more complex items were marked independently by up to four markers.
In addition, a sub-sample of student responses from each country was marked
by an independent panel of centrally trained expert markers in order to verify
that the marking process was carried out in equivalent ways across countries.
The results show that consistent marking was achieved across countries (for
details on the marking process see Annex A7 and the PISA 2003 Technical Report
(OECD, forthcoming).

Each PISA domain
can be defined in three

dimensions.

Students had to read texts
and answer questions

about them.

In many cases, the
responses were in their
own words, which
required Cargful,

and often multiple,

marking. ..
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Figure 1.2 m Summary of the assessment areas in PISA 2003 covered in this volume

Assessment
area

Mathematics

Science

Reading

Definition and
its distinctive

“The capacity to identify
and understand the role that

“The capacity to use scientific
knowledge, to identify scientific

“The capacity to understand,
use and reflect on written texts

features mathematics plays in the questions and to draw evidence- | in order to achieve one’s goals,
world, to make well-founded based conclusions in order to develop one’s knowledge and
judgements and to use and to understand and help make potential, and to participate in
engage with mathematics in decisions about the natural society” (OECD, 2003e).
ways that meet the needs of that world and the changes made Much more than decoding and
individual’s life as a constructive, | to it through human activity” literal comprehension, reading
concerned and reflective citizen” (OECD, 2003e). involves understanding and
(OECD, 2003e). Requires understanding of reflection, and the ability to use
Related to wider, functional use scientific concepts, an ability reading to fulfil one’s goals in
of mathematics, engagement to apply a scientific perspective life.
requires the ability to recognise and to think scientifically about
and formulate mathematical evidence.
problems in various situations.
Content Clusters of relevant Areas of scientific knowledge The form of reading materials:
dimension mathematical areas and and concepts, such as: * continuous materials including
concepts: * biodiversity; different kinds of prose such
* quantity; * forces and movement; and as narration, exposition,
* space and shape; * physiological change. argumentation; and
* change and relationships; and * non-continuous texts
. . including graphs, forms, lists.
uncertainty.
Process “Competency clusters” define The ability to use scientific Type of reading task or process:
dimension skills needed for mathematics: knowledge and understanding, * retrieving information;
* reproduction (simple to .acquire, interpret and act on - interpreting texts; an d
mathematical operations); evidence: . .
. . * reflection and evaluation of
* connections (bringing together ) descrlbln.g, .expla?nln.g texts.
ideas to solve straightforward and predicting scientific The f £ PISA i di
problems); and phenomena; e focus o is on reading
) ) ) « understandine scientific to learn, rather than learning
* reflection (wider mathematical understanding to read, and hence students are
thinking). investigation; and not assessed on the most basic
In general these are associated * interpreting scientific reading skills.
with tasks of ascending difficulty, evidence and conclusions.
but there is overlap in the rating
of tasks in each cluster.
Situation Situations vary according to The context of science, focusing | The use for which the text
dimension their distance from individuals’ on uses in relation to: constructed:

lives. In order of closeness:
* personal;
* educational and occupational;

* local and broader community;
and

* scientific.

* life and health;

* the Earth and the
environment; and

* technology.

* private (e.g., a personal
letter);

* public (e.g., an official

document);
* occupational (e.g., a report);
* educational (e.g., school
related reading).
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A further 12 per cent of the test was based on students constructing their own
responses, but based on a very limited range of possible responses (closed-
constructed response items), which were scored as either correct or incorrect.
The remaining items were asked in multiple-choice format, in which students
either made one choice from among four or five given alternatives or a series of
choices by circling one of two optional responses (for example “yes” or “no”, or
“agree” or “disagree”) in relation to each of a number of different propositions
or statements (complex multiple-choice items).

The total assessment time of 390 minutes of testing was organised in different
combinations of test booklets with each individual being tested for 120 minutes.
The time devoted to the assessment of mathematics was 210 minutes (54 per
cent of the total) and each of the other assessment areas, namely reading, science
and problem solving were assessed through 60 minutes of material. Thus, only a
summary profile of reading and scientific skills will be presented in this report.
For more information on the PISA assessment instruments see Annex A6.

The PISA student population

In order to ensure the comparability of the results across countries, PISA needs
to assess comparable target populations. Differences between countries in the
nature and extent of pre-primary education and care, in the age of entry to formal
schooling, and in the structure of the education system do not allow school grades
to be defined so that they are internationally comparable. Valid international
comparisons of educational performance must, therefore, define their populations
with reference to a target age. PISA covers students who are aged between 15
years 3 months and 16 years 2 months at the time of the assessment, regardless of
the grade or type of institution in which they are enrolled and of whether they are
in full-time or part-time education. The use of this age in PISA, across countries
and over time, allows the performance of students shortly before they complete
compulsory education to be compared in a consistent way.

As a result, this report is able to make statements about the knowledge and
skills of individuals born in the same year and still at school at 15 years of age,
but having differing educational experiences, both within and outside school.
The number of school grades in which these students are to be found depends
on a country’s policies on school entry and promotion. Furthermore, in some
countries, students in the PISA target population represent different education
systems, tracks or streams.

Stringent technical standards were established for the definition of national
target populations. PISA excludes 15-year-olds not enrolled in educational
institutions. In the remainder of this report “15-year-olds” is used as a shorthand
to denote the PISA student population. Coverage of the target population of
15-year-olds within education is very high compared with other international
surveys: relatively few schools were ineligible for participation, for example
because of geographically remoteness or because their students had special needs.
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answered more closed
questions with fewer
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...and on]}' small parts
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...with sufficiently large
scientific samples to allow

for valid comparisons.

PISA 2003 reports for
theﬁrs[ time prqﬁcienc]

levels for mathematics. . .

...showing how well
students pcrform in
various mathematical

content areas.

In 24 out of the 41 participating countries, the percentage of school-level
exclusions amounted to less than 1 per cent, and to less than 3 per cent in
all countries except Mexico (3.6 per cent), Switzerland (3.4 per cent), the
United Kingdom (3.4 per cent) and the partner countries Latvia (3.8 per cent)
and Serbia (5.3 per cent). When accounting for the exclusion within schools
of students who met certain internationally established criteria,” the exclusion
rates increase slightly. However, they remain below 2 per cent in 19 participating
countries, below 4 per cent in 29 participating countries, below 6 per cent in all
but two countries and below 8 per cent in all countries (Annex A3). This high
level of coverage contributes to the comparability of the assessment results. For
example, even assuming that the excluded students would have systematically
scored worse than those who participated, and that this relationship is moderately
strong, an exclusion rate in the order of 5 per cent would likely lead to an
overestimation of national mean scores of less than 5 score points.® Moreover,
in most cases the exclusions were inevitable. For example, in New Zealand 2.3
per cent of the students were excluded because they had less than one year of
instruction in English (often because they were foreign fee-paying students) and
were therefore not able to follow the instructions of the assessment.

The specific sample design and size for each country was designed to maximise
sampling efficiency for student-level estimates. In OECD countries, sample
sizes ranged from 3 350 students in Iceland to 30 000 students in Mexico. This
selection of samples was monitored internationally and accompanied by rigorous
standards for the participation rate to ensure that the PISA results reflect the
skills of 15-year-old students in participating countries.

WHAT IS DIFFERENT ABOUT THE PISA 2003 SURVEY?

It establishes a detailed understanding of student performance
in mathematics

With over half of the assessment time devoted to mathematics, PISA 2003 can
report in much greater detail on mathematics performance than was the case in
PISA 2000. As well as calculating overall performance scores, it also becomes
possible to report separately on different content areas of mathematics and to
establish conceptually grounded proficiency levels on each performance scale
that relate student scores to what students are able to do.

However, the basis for these scales is different for mathematics than for reading,
In the case of the latter, the main distinction was by the process dimension
— students receive scores for how well they could perform three different
types of reading tasks (retrieval, interpretation, and reflection and evaluation).
In the case of mathematics the main distinction is by content areas (quantity,
space and shape, change and relationships, and uncertainty). This reporting
of mathematical outcomes allows policy makers to see the way different
mathematical competencies have been built up in relation to four broad content
areas of mathematics. In this way, the link between teaching and learning methods
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and approaches, on the one hand, and the curriculum content priorities and
emphases in different countries, on the other, is clearly exposed.

It deepens exploration of cross-curricular competencies

One of the most important innovations of PISA is to assess characteristics
of students in ways that go beyond curriculum areas, but also consider their
broader characteristics as learners. PISA 2000 took a first step in this direction
by asking students about aspects of their motivation, self-concept and learning
strategies. PISA 2003 continues to do this, but makes an important advance in
assessing directly a generic student competency that crosses curricular areas —
problem solving. The design and implementation of an instrument of this kind,
valid across cultures, marks an important advance in international student
assessment. The second volume examines the results of this part of PISA 2003.

It introduces new background information about students and schools

The background questionnaires completed by students and school principals
provide essential information for PISA’s analysis. In the 2003 survey, these

questionnaires have been refined and deepened. In particular:

* They explore in greater depth than in 2000 the organisation of schools and the
instructional process. This is so especially in relation to mathematics — with
students, for example, being asked about their attitudes towards mathematics
instruction, in ways that shed light on important motivational issues.

* An optional part of the student questionnaire was introduced to collect infor-
mation on educational careers. This allows student performance to be set in
the context of prior experiences of students within the school system.

It allows for comparison of change over time

A central characteristic of PISA is its role as a monitoring instrument. Every three
years, it measures student knowledge and skills in reading literacy, mathematics
and science. The basic survey design remains constant, to allow comparability
from one three-year cycle to the next. In the long term, this will allow countries
to see the effects of policy changes and improvement in educational standards
on wider student skills, and how change in educational outcomes compares to
international benchmarks.

The second survey, in 2003, offers a first glimpse of these changes over time. In
mathematics, only two of the four content areas used in the 2003 survey were
also used in 2000. However, for each of the two common areas, it was possible
to calculate what the 2000 results would have been on the newly-established
scale, with the mean performance of OECD students set at 500 for 2003.

While the results do provide a basis for comparisons over time, several
limitations need to be borne in mind in the interpretation of change between
2000 and 2003:

PISA 2003 for the first
time directly assesses a
cross-curricular student
competency:

problem solving.

Students and principals
are asked new questions,
about mathematics
attitudes and about

educational careers.

PISA will eventually show

trends in performance. ..

.. .and some Comparisons

can already be made
between the 2000 and
2003 results.

These should be
interpreted with caution,

however. ..
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® First, since data are only available from two points in time, it is not possible to assess
to what extent the observed differences are indicative of longer-term trends.

* Second, while the overall approach to measurement used by PISA is consistent
across cycles, small refinements continue to be made, so it would not be
prudent to read too much into small changes in results. Furthermore, errors
from sampling as well as measurement error are inevitably introduced when
assessments are linked through a limited number of common assessment tasks
over time. To account for the latter, the confidence band for comparisons over
time has been widened correspondingly and only changes that are indicated as

statistically signiﬁcant in this report should be considered.

* Third, some countries need to be excluded from comparisons between 2000
and 2003 for methodological reasons. Among OECD countries, the Slovak
Republic and Turkey joined PISA only for the 2003 assessment. The 2000
sample for the Netherlands had not met the PISA response rate standards and
mean scores for the Netherlands were therefore not reported for PISA 2000.
In Luxembourg, the assessment conditions were changed in substantial ways
between the 2000 and 2003 assessments in order to reduce linguistic barriers
for students and the results are therefore not comparable. The 2003 sample
for the United Kingdom does not meet the PISA response rate standards and
mean scores for the United Kingdom should therefore not be compared with
those in PISA 2000 (Annex A3).

...not least because Finally, education systems do not change overnight. Many reforms take time to
educational change takes implement, so there is an inevitable gap between a policy decision and change
many years. in the classroom. Once teaching has changed, the effect on an individual

student will also take time. Finally, PISA measures student competencies on

the eve of completion of compulsory education, which reflect the cumulative

influence of 8-10 years of schooling, not just mastery of the curriculum of the

grades in which 15—year—olds are enrolled.

ORGANISATION OF THE REPORT

Following this introductory chapter, the next four chapters consider the
mathematics results for 2003, and use them to analyse arange of factors associated
with performance. Chapter 6 extends the analysis to science and reading.

The report starts by = Chapter 2 gives a profile of student performance in mathematics. The chapter
profiling mathematics begins with setting the results in the context of how mathematics is defined,
performance. .. measured and reported, and then examines what students are able do in math-
ematics. Since results vary in important ways across the four content areas of

mathematics examined in PISA 2003, the analysis is done separately for each

content area before a summary picture is presented at the end. Any comparison

of the outcomes of education systems needs to account for countries’ social

and economic circumstances and the resources that they devote to educa-

tion. To address this, the final part of the chapter interprets the results within

. . .
countries’ economic and social contexts.
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* Chapter 3 broadens the range of learning outcomes by looking, in turn, at
student motivation to learn mathematics, their beliefs about themselves, and
their learning strategies. It then examines how various aspects of students’
attitudes to learning and their learning behaviour relate to each other and to
student performance; analyses how these relationships differ across countries;
and explores the distribution of relevant characteristics among different

students, across and within countries.

Chapter 4 starts by examining the performance gaps shown in Chapter 2
more closely and, in particular, the extent to which the overall variation in
student performance relates to differences in the results achieved by different
schools. The chapter then looks at how socio-economic background relates to
student performance. Building on this, the chapter considers the policy impli-
cations of these findings, and discusses how different policy strategies aimed
at improving equity in the distribution of learning opportunity are likely to be
appropriate in different countries.

* Chapter 5 makes a first step towards identifying how school resources,
policies and practices interact with home background and influence student

performance.

* Chapter 6 considers student performance in reading and science in 2003, and
how it has changed since 2000.

A technical annex addresses the construction of the questionnaire indices,
discusses sampling issues, documents quality assurance procedures and the
process followed for the development of the assessment instruments, and
provides data on the reliability of marking. Finally, the annex provides the
data tables underlying the various chapters. Many of the issues covered in the
technical annex are elaborated in greater detail in the PISA 2003 Technical Report
(OECD, forthcoming).

Finally, a further report, Problem Solving for Tomorrow’s World — First Measures
of Cross-Curricular Competencies from PISA 2003 (OECD, 2004d), considers the
results of the assessment of students’ problem-solving abilities.

...then considers how
these results relate to
student attitudes and

behaviours. . .

...how they vary across
schools and socio-
economic groups, with
implications for equity

strategics. ..

...and the role qfschoo]

j&CtOI’S.

The report concludes with

results for reading and science.
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Notes

The combined population of all countries (excluding ChineseTaipei) that participate in the PISA 2000, 2003 or 2006 assessments
amounts to 32 per cent of the 2002 world population. The GDP of these countries amounts to 87 per cent of the 2002 world
GDP. The data on GDP and population sizes were derived from the U.N. World Development Indicators database.

Themes of international thematic reports have included: Reading for Change — Performance and Engagement Across Countries
(OECD, 2002b), Learners for Life — Student Approaches to Learning (OECD, 2003b), Student Engagement at School — A Sense of
Belonging and Participation (OECD, 2003d), and What Makes School Systems Perform (OECD, 2004<).

The framework for the PISA 2006 assessment has been finalised and preparations for the implementation of the assessment
are currently underway. Governments will decide on subsequent PISA assessments in 2005.

For the country Serbia and Montenegro, data for Montenegro are not available. The latter accounts for 7.9 per cent of the
national population. The name “Serbia” is used as a shorthand for the Serbian part of Serbia and Montenegro.

Countries were permitted to exclude up to 2.5 per cent of the national desired target population within schools if these
students were: i) considered in the professional opinion of the school principal or of other qualified staff members, to be
educable mentally retarded or who had been defined as such through psychological tests (including students who were
emotionally or mentally unable to follow the general instructions given in PISA); ii) permanently and physically disabled in
such a way that they could not perform in the PISA assessment situation (functionally disabled students who could respond
were to be included in the assessment); or iii) non-native language speakers with less than one year of instruction in the
language of the assessment (for details see Annex A3).

If the correlation between the propensity of exclusions and student performance is 0.3, resulting mean scores would
likely be overestimated by 1 score point if the exclusion rate is 1 per cent, by 3 score points if the exclusion rate is 5 per
cent, and by 6 score points if the exclusion rate is 10 per cent. If the correlation between the propensity of exclusions and
student performance is 0.5, resulting mean scores would be overestimated by 1 score point if the exclusion rate is 1 per
cent, by 5 score points if the exclusion rate is 5 per cent, and by 10 score points if the exclusion rate is 10 per cent. For
this calculation, a model was employed that assumes a bivariate normal distribution for the propensity to participate and

performance. For details see the PISA 2000 Technical Report (OCED 2002d).
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READERS’GUIDE

Data underlying the figures
The data referred to in Chapters 2 to 6 of this report are presented in Annex B1 and, with additional
detail, on the web site www.pisa.oecd.org. Five symbols are used to denote missing data:

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

¢ There are too few observations to provide reliable estimates (i.e., there are fewer than 3 per
cent of students for this cell or too few schools for valid inferences). However, these statistics

were included in the calculation of cross-country averages.

m Data are not available. These data were collected but subsequently removed from the

publication for technical reasons.
w Data have been withdrawn at the request of the country concerned.

x Data are included in another category or column of the table.

Calculation of international averages
An OECD average was calculated for most indicators presented in this report. In the case of some

indicators, a total representing the OECD area as a whole was also calculated:

* The OECD average takes the OECD countries as a single entity, to which each country
contributes with equal weight. For statistics such as percentages of mean scores, the OECD
average corresponds to the arithmetic mean of the respective country statistics. In contrast, for
statistics relating to variation, the OECD average may differ from the arithmetic mean of the
country statistics because it not only reflects variation within countries, but also variation that

lies between countries.

* The OECD total takes the OECD countries as a single entity, to which each country contributes
in proportion to the number of 15-year-olds enrolled in its schools (see Annex A3 for data). It
illustrates how a country compares with the OECD area as a whole.

In this publication, the OECD total is generally used when references are made to the stock of
human capital in the OECD area. Where the focus is on comparing performance across education
systems, the OECD average is used. In the case of some countries, data may not be available for
specific indicators or specific categories may not apply. Readers should, therefore, keep in mind that
the terms OECD average and OECD total refer to the OECD countries included in the respective
comparisons. All international averages include data for the United Kingdom, even where these
data, for reasons explained in Annex A3, are not shown in the respective data tables.

Rounding of figures
Because of rounding, some figures in tables may not exactly add up to the totals. Totals, differences and
averages are always calculated on the basis of exact numbers and are rounded only after calculation.

All standard errors in this publication have been rounded to two decimal places. Where the value
0.00 is shown, this does not imply that the standard error is zero, but that it is smaller than 0.005.
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Reporting of student data

The report usually uses “15-year-olds” as shorthand for the PISA target population. In practice,
this refers to students who were aged between 15 years and 3 (complete) months and 16 years
and 2 (complete) months at the beginning of the assessment period and who were enrolled in an
educational institution, regardless of the grade level or type of institution, and of whether they were

attending full-time or part-time (for details see Annex A3).

Reporting of school data

The principals of the schools in which students were assessed provided information on their school’s
characteristics by completing a school questionnaire. Where responses from school principals are
presented in this publication, they are weighted so that they are proportionate to the number of 15-

year-olds enrolled in the school.

Abbreviations used in this report
The following abbreviations are used in this report:

GDP  Gross Domestic Product

ISCED International Standard Classification of Education
PPP  Purchasing Power Parity

SD Standard deviation

SE Standard error

Further documentation
For further information on the PISA assessment instruments and the methods used in PISA, see the
PISA 2000 Technical Report (OECD, 2002d) and the PISA Web site (www.pisa.oecd.org).
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A Profile of Student Performance in Mathematics 8

The PISA 2000 results
raised issues about
student performance
both across and within

countries. ..

...and while the overall
results in 2003 have
changed only slightly,
country differences

continue to GVOIVC.

This chapter reports
results in mathematics,

the main focus in

PISA 2003...

INTRODUCTION

Since 1997, OECD governments have collaborated to monitor the outcomes
of education in terms of student performance on a regular basis and within an
internationally agreed common framework. The first PISA assessment, carried
outin 2000, revealed wide differences in the extent to which countries succeed
in equipping young adults with knowledge and skills in reading, mathematics
and science. For some countries, the results were disappointing, showing that
their 15-year-olds’ performance lagged considerably behind that of other
countries (and perhaps their own expectations) sometimes by the equivalent
of several years of schooling' and in certain cases despite high investments in
education. PISA 2000 also highlighted significant variation in the performance
of schools and raised concerns about equity in the distribution of learning
opportunities.

Among the 25 OECD countries for which performance can be compared
between 2000 and 2003, average mathematics performance increased in one
of the two content areas measured in both surveys. For the other mathematical
content area, as well as for science and reading, average performance among
OECD countries has remained broadly unchanged. However, performance has
changed in different ways across OECD countries. Finland, the top performing
country in the PISA 2000 reading assessment, has maintained its high level of
reading performance while improving its performance in mathematics and
science.” This now places Finland on a par in mathematics and science with the
previously unmatched East Asian countries. By contrast, in Mexico, the lowest
performing OECD country in the 2000 assessment, the pressure to expand the
still limited access to secondary education’ may have been one of the factors
putting strains on educational quality, with performance in the 2003 assessment

lower in all three assessment areas.

This chapter presents in detail the results from the PISA 2003 mathematics
assessment. Mathematics is the main focus of PISA 2003, and accounted for over
half of all assessment time. This allowed mathematics performance to be assessed
more thoroughly than in PISA 2000, and for its measurement to be refined.

* The chapter begins by setting the results in the context of how mathematics is
defined, measured and reported. It considers a series of key questions. What is
meant by “mathematical literacy”? In what ways is this different from other ways
of thinking about mathematical knowledge and skills? Why is it useful to think of

mathematical competencies in this way, and how can the results be interpreted?

* In the second part, the chapter examines student performance in mathematics.
Since results vary in important ways across the four content areas of mathematics
examined in PISA 2003, the analysis is described separately for each content
area before a summary picture is presented at the end.

* In as much as it is important to take the socio-economic context of schools
into account when comparing school performance, any comparison of the

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



outcomes of education systems needs to account for countries’ economic
circumstances and the resources that they devote to education.To address this,
the third part of the chapter interprets the results within countries’ economic
and social contexts.

Chapter 3 continues the analysis of student outcomes by examining a wider range
of student characteristics that relate to performance in mathematics and that can be
considered important educational outcomes in their own right, including students’
motivation to learn mathematics, their beliefs about themselves and their learning
strategies in mathematics. Later, Chapter 6 extends the reporting of student
outcomes in PISA 2003 by looking at performance in reading and science.

THE PISA APPROACH TO ASSESSING MATHEMATICS
PERFORMANCE

How mathematics is defined

For much of the last century, the content of school mathematics and science
curricula was dominated by the need to provide the foundations for the professional
training of a small number of mathematicians, scientists and engineers. With the
growing role of science, mathematics and technology in modern life, however,
the objectives of personal fulfilment, employment and full participation in society
increasingly require that all adults — not just those aspiring to a scientific career —
be mathematically, scientifically and technologically literate.

PISA therefore starts with a concept of mathematical literacy that is concerned
with the capacity of students to analyse, reason and communicate effectively as
they pose, solve and interpret mathematical problems in a variety of situations
involving quantitative, spatial, probabilistic or other mathematical concepts. The
PISA 2003 Assessment Framework: Mathematics, Reading, Science and Problem Solving
Knowledge and Skills (OECD, 2003e) through which OECD countries established
the guiding principles for comparing mathematics performance across countries
in PISA, defines mathematical literacy as “...an individual’s capacity to identify
and understand the role that mathematics plays in the world, to make well-
founded judgements and to use and engage with mathematics in ways that meet
the needs of that individual’s life as a constructive, concerned and reflective

citizen” (OECD, 2003e¢).

When thinking about what mathematics might mean for individuals, one must
consider both the extent to which they possess mathematical knowledge and
understanding, and the extent to which they can activate their mathematical
competencies to solve problems they encounter in life. PISA therefore presents
students with problems mainly set in real-world situations. These are crafted in
such a way that aspects of mathematics would be of genuine benefit in solving the
problem. The objective of the PISA assessment is to obtain measures of the extent
to which students presented with these problems can activate their mathematical
knowledge and competencies to solve such problems successfully.

...while further chapters
report other outcomes:
student approaches to
learning and performance

in rcading and science.

Today, all adults need
a solid foundation in
mathematics to meet

their goals.

PISA dgﬁ'nes a form qf

mathematical literacy. ..

...that requires
engagement with

mathematics. . .
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...going beyond the
mastery ofmathcmatica]
techniques conventionally

taught at school.

Assessment of such
functional use of
mathematics can
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This approach to mathematics contrasts with a traditional understanding of
school mathematics which is often narrower. In schools, mathematical content
is often taught and assessed in ways that are removed from authentic contexts —
e.g., students are taught the techniques of arithmetic, then given an arithmetic
computation to complete; they are shown how to solve particular types of
equations, then given further similar equations to solve; they are taught about
geometric properties and relationships, then given a theorem to prove. Having
learned the relevant concepts, skills and techniques, students are typically given
contrived mathematical problems that call for the application of that knowledge.
The mathematics required is usually obvious. Students have either mastered the
techniques needed, or they have not. The usefulness of mathematics in the real
world may be given little attention.

Outside school, real-life problems and situations for which mathematical
knowledge may be useful often do not present themselves in such familiar forms.
The individual must translate the situation or problem into a form that exposes
the relevance and usefulness of mathematics. If students are unpractised at such a
process, the potential power of mathematics to help deal with the situations and
problems of their life may not be fully realised. The PISA approach to assessing
mathematics was therefore designed to place the real-life use of mathematical
knowledge and skills closer to the centre of a concept of mathematics learning,
The intention is to encourage an approach to teaching and learning mathematics
that gives strong emphasis to the processes associated with confronting problems
in real-world contexts, making these problems amenable to mathematical
treatment, using the relevant mathematical knowledge to solve problems, and
evaluating the solution in the original problem context. If students can learn to
do these things, they will be better equipped to make use of their mathematical
knowledge and skills throughout life. They will be mathematically literate.

How mathematics is measured

Students’” mathematics knowledge and skills were assessed according to three
dimensions relating to: the mathematical content to which different problems
and questions relate; the processes that need to be activated in order to connect
observed phenomena with mathematics and then to solve the respective
problems; and the situations and contexts that are used as sources of stimulus
materials and in which problems are posed.

Content

PISA draws its mathematical content from broad content areas (OECD, 2003¢).
Taking account of the research literature on this subject, and following an
in-depth consensus building process among OECD countries on what would be
an appropriate basis to compare mathematics performance internationally, the
assessment was established around four content areas:

* Space and shape relates to spatial and geometric phenomena and relationships,
often drawing on the curricular discipline of geometry. It requires looking
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for similarities and differences when analysing the components of shapes and
recognising shapes in different representations and different dimensions, as
well as understanding the properties of objects and their relative positions.

Change and relationships involves mathematical manifestations of change as well as
functional relationships and dependency among variables. This content area relates
most closely to algebra. Mathematical relationships are often expressed as equa-
tions or inequalities, but relationships of a more general nature (e.g., equivalence,
divisibility and inclusion, to mention but a few) are relevant as well. Relationships
are given a variety of different representations, including symbolic, algebraic,
graphic, tabular and geometric representations. Since different representations
may serve different purposes and have different properties, translation between
representations is often of key importance in dealing with situations and tasks.

Quantity involves numeric phenomena as well as quantitative relationships
and patterns. It relates to the understanding of relative size, the recognition
of numerical patterns, and the use of numbers to represent quantities and
quantifiable attributes of real-world objects (counts and measures). Further-
more, quantity deals with the processing and understanding of numbers that
are represented in various ways. An important aspect of dealing with quantity
is quantitative reasoning, which involves number sense, representing numbers,
understanding the meaning of operations, mental arithmetic and estimating,
The most common curricular branch of mathematics with which quantitative

reasoning is associated is arithmetic.

* Uncertainty involves probabilistic and statistical phenomena and relationships,
that become increasingly relevant in the information society. These phenomena
are the subject of mathematical study in statistics and probability.

Together, the four content areas cover the range of mathematics 15-year-
olds need as a foundation for life and for further extending their horizon in
mathematics. The concepts can be related to traditional content strands such
as arithmetic, algebra or geometry and their detailed sub-topics that reflect
historically well-established branches of mathematical thinking and that facilitate
the development of a structured teaching syllabus.

The PISA mathematics assessment sets out to compare levels of student
performance in these four content areas, with each area forming the basis
of a scale reported later in this chapter. By reporting separately on student
performance in each of four areas of mathematics, PISA recognises that different
school systems choose to give different emphases in constructing their national
curricula. Reporting in this way allows different school systems to situate
their national priorities in relation to the choices made by other countries.
It also allows different school systems to assess to what extent the level and
growth of mathematical knowledge occur uniformly across these conceptually
distinguishable assessment areas.

The first panel of Table A6.1 shows the breakdown by mathematical content
area of the 85 test items used in the PISA 2003 assessment (Annex A6).
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Process

The PISA mathematics assessment requires students to confront mathematical
problems that are based in some real-world context, where the students are
required to identify features of the problem situation that might be amenable
to mathematical investigation, and to activate the relevant mathematical
competencies to solve the problem. In order to do so they need to engage in a
multi-step process of “mathematisation”: beginning with a problem situated in
reality, students must organise it according to mathematical concepts. They must
identify the relevant mathematical concepts, and then progressively trim away
the reality in order to transform the problem into one that is amenable to direct
mathematical solution, by making simplifying assumptions, by generalising and
formalising information, by imposing useful ways of representing aspects of the
problem, by understanding the relationships between the language of the problem
and symbolic and formal language needed to understand it mathematically, by
finding regularities and patterns and linking it with known problems or other
familiar mathematical formulations and by identifying or imposing a suitable
mathematical model.

Once the problem has been turned into a familiar or directly amenable
mathematical form, the student’s armoury of specific mathematical knowledge,
concepts and skills can then be applied to solve it. This might involve a simple
calculation, or using symbolic, formal and technical language and operations,
switching between representations, using logical mathematical arguments,
and generalising. The final steps in the mathematisation process involve some
form of translation of the mathematical result into a solution that works for the
original problem context, a reality check of the completeness and applicability
of the solution, a reflection on the outcomes and communication of the results,
which may involve explanation and justification or proof.

Various competencies are required for such mathematisation to be employed.
These include: thinking and reasoning; argumentation; communication; modelling;
problem posing and solving; representation; and using symbolic, formal and technical
language and operations. While it is generally true that these competencies operate
together, and there is some overlap in their definitions, PISA mathematics tasks
were often constructed to call particularly on one or more of these competencies.
The cognitive activities that the above mentioned competencies encompass
were organised in PISA within three competency clusters that are labelled: the
reproduction cluster, the connections cluster, and the reflection cluster. These groupings
have been found to provide a convenient basis for discussing the way in which
different competencies are invoked in response to the different kinds and levels
of cognitive demands imposed by different mathematical problems.

* The reproduction clusteris called into play in those items that are relatively familiar,
and that essentially require the reproduction of practised knowledge, such
as knowledge of facts and of common problem representations, recognition

of equivalents, recollection of familiar mathematical objects and properties,
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performance of routine procedures, application of standard algorithms
and technical skills, manipulation of expressions containing symbols and
formulae in a familiar and standard form, and carrying out straight-forward
computations.

The connections cluster builds on reproduction to solve problems that are not
simply routine, but that still involve somewhat familiar settings or extend and
develop beyond the familiar to a relatively minor degree. Problems typically
involve greater interpretation demands, and require making links between
different representations of the situation, or linking different aspects of the
problem situation in order to develop a solution.

The reflection cluster builds further on the connections cluster. These compe-
tencies are required in tasks that demand some insight and reflection on the
part of the student, as well as creativity in identifying relevant mathematical
concepts or in linking relevant knowledge to create solutions. The problems
addressed using the competencies in this cluster involve more elements than
others, and additional demands typically arise for students to generalise and
to explain or justify their results.

The second panel inTable A6.1 shows the breakdown by competency cluster of
the 85 test items used in the PISA 2003 assessment (Annex A6). A more detailed
description of these competency clusters and the ways in which the individual
competencies operate in each of these clusters is described in The PISA 2003

Assessment Framework: Mathematics, Reading, Science and Problem Solving Knowledge

and Skills (OECD, 2003¢).

Situation

As in PISA 2000, students were shown various pieces of written material, and
for each were asked a series of questions. The stimulus material represented a
situation that students could conceivably confront, and for which activation of
their mathematical knowledge, understanding or skill might be required or might
be helpful in order to analyse or deal with the situation. There were of four sorts
of situations: personal, educational or occupational, public and scientific.

® Personal situations directly relate to students’ personal day-to-day activities.
These have at their core the way in which a mathematical problem immedi-
ately affects the individual and the way the individual perceives the context of
the problem. Such situations tend to require a high degree of interpretation
before the problem can be solved.

* Educational or occupational situations appear in a student’s life at school, or in a
work setting, These have at their core the way in which the school or work setting
might require a student or employee to confront some particular problem that
requires a mathematical solution.

® Public situations relating to the local and broader community require students
to observe some aspect of their broader surroundings. These are generally

situations located in the community that have at their core the way in which
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students understand relationships among elements of their surroundings. They
require the students to activate their mathematical understanding, knowledge
and skills to evaluate aspects of an external situation that might have some
relevant consequences for public life.

* Scientific situations are more abstract and might involve understanding a tech-
nological process, theoretical situation or explicitly mathematical problem.
The PISA mathematics framework includes in this category relatively abstract
mathematical situations with which students are frequently confronted in a
mathematics classroom, consisting entirely of explicit mathematical elements
and where no attempt is made to place the problem in some broader context.
These are sometimes referred to as “intra-mathematical” contexts.

These four situation types vary in two important respects. The first is in terms of
the distance between the student and the situation — the degree of immediacy and
directness of the problem’s impact on the student. Personal situations are closest
to students, being characterised by the direct perceptions involved. Educational
and occupational situations typically involve some implications for the individual
through their daily activities. Situations relating to the local and broader community
typically involve a slightly more removed observation of external events in the
community. Finally, scientific situations tend to be the most abstract and therefore
involve the greatest separation between the student and the situation. The PISA
assessment assumes that students need to be able to handle a range of situations,
both close to and distant from their immediate lives.

There are also differences in the extent to which the mathematical nature of
a situation is apparent. A few of the tasks refer only to mathematical objects,
symbols or structures, and make no reference to matters outside the mathematical
world. However, PISA also encompasses problems that students are likely to
encounter in their lives in which the mathematical elements are not stated
explicitly. The assessment thus tests the extent to which students can identify
mathematical features of a problem when it is presented in a non-mathematical
context and the extent to which they can activate their mathematical knowledge
to explore and solve the problem and to make sense of the solution in the context
or situation in which the problem arose.

The third panel of Table A6.1 shows the breakdown by situation type of the
85 test items used in the PISA 2003 assessment (Annex A6).

A more detailed description of the conceptual underpinning of the PISA 2003
assessment as well as the characteristics of the test itself can be found in The
PISA 2003 Assessment Framework: Mathematics, Reading, Science and Problem Solving
Knowledge and Skills (OECD, 2003e).

How the PISA tests were constructed

Assessment items were constructed to cover the different dimensions of the
PISA assessment framework described above. During the process of item

development, experts from participating countries undertook a qualitative
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analysis of each item, and developed descriptions of aspects of the cognitive
demands of each item. This analysis included judgements about the aspects of the
PISA mathematics framework that were relevant to the item. A short description
was then developed that captured the most important demands placed on
students by each particular item, particularly the individual competencies that
were called into play (PISA 2003 Technical Report, OECD, forthcoming).

The items had a variety of formats. In many cases, students were required to
construct a response in their own words to questions based on the text given.
Sometimes they had to write down their calculations in order to demonstrate
some of the methods and thought processes they used in producing an answer.
Other questions required students to write an explanation of their results, which
again exposed aspects of the methods and thought processes they had employed
to answer the question. These open-constructed response items could not easily
be machine-scored; rather they required the professional judgement of trained
markers to assign the observed responses to defined response categories. To
ensure that the marking process yielded reliable and cross-nationally comparable
results, detailed guidelines and training contributed to a marking process that
was accurate and consistent across countries. In order to examine the consistency
of this marking process in more detail within each country and to assess the
consistency in the work of the markers, a subsample of items in each country
was rated independently by four markers. The PISA Consortium then assessed
the reliability of these markings. Finally, to verify that the marking process was
carried out in equivalent ways across countries, an inter-country reliability study
was carried out on a subset of items. In this process, independent marking of the
original booklets was undertaken by trained multilingual staff and compared to
the ratings by the national markers in the various countries. The results show
that very consistent marking was achieved across countries (Annex A7; PISA
2003 Technical Report, OECD, forthcoming).

For other items requiring students to construct a response, evaluation of their
answers was restricted to the response itself rather than an explanation of how it
was derived. For many of these closed constructed-response items, the answer
given was in numeric or other fixed form, and could be evaluated against precisely
defined criteria. Such responses generally did not require expert markers, but

could be analysed by computer.

Items that required students to select one or more responses from a number
of given possible answers were also used. This format category includes both
standard multiple-choice items, for which students were required to select
one correct response from a number of given response options; and complex
multiple-choice items, for which students were required to select a response
from given optional responses to each of a number of propositions or questions.
Responses to these items could be marked automatically.

Table A6.1 shows the breakdown by item format type of the 85 test items used
in the PISA 2003 assessment (Annex A6).

.. .some requiring open
answers that were scored
by expert markers in a
process invol ving intra-
country and inter-country

re[iabi]it}' checks. ..

...but computers could
mark tasks with a more
limited set of possible

I'CSPOI’ISGS e

...including those where

students had to choose

_from stated options.

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

A Profile of Student Performance in Mathematics [



A Profile of Student Performance in Mathematics 8

Each student was given a
subset from a broad pool

ofmatbcmatics tasks. ..

...and their performance
was established on

a scale. ..

Students were given credit for each item that they answered with an acceptable
response. In the development of the assessment, extensive field trials were
carried out in all participating countries in the year prior to the assessment to
identify and anticipate the widest possible range of student responses. These
were then assigned to distinct categories by the item developers to determine
marks. In some cases, where there is clearly a correct answer, responses can
be easily identified as being correct or not. In other cases a range of different
responses might be regarded as being correct. In yet other cases, a range of
different responses can be identified and among those some are clearly better
than others. In such cases it is often possible to define several response categories
that are ordered in their degree of correctness — one kind of response is clearly
best, a second category is not quite as good but is better than a third category,
and so on. In these cases partial credit could be given.

How the PISA tests were designed, analysed and scaled

In total, 85 mathematics items were used in PISA 2003. These tasks, and also
those in reading, science and problem solving, were arranged into half-hour
clusters. Each student was given a test booklet with four clusters of items —
resulting in two hours of individual assessment time. These clusters were rotated
in combinations that ensured that each mathematics item appeared in the same
number of test booklets, and that each cluster appeared in each of the four
possible positions in the booklets.

Such a design makes it possible to construct a scale of mathematical performance,
to associate each assessment item with a point score on this scale according to its
difficulty and to assign each student a point score on the same scale representing
his or her estimated ability. This is possible using techniques of modern item
response modelling (a description of the model can be found in the PISA 2003
Technical Report, OECD, forthcoming).

The relative ability of students taking a particular test can be estimated by
considering the proportion of test items they answer correctly. The relative
difficulty of items in a test can be estimated by considering the proportion
of test takers getting each item correct. The mathematical model employed
to analyse the PISA data was implemented through iterative procedures that
simultaneously estimate the probability that a particular person will respond
correctly to a given set of test items, and the probability that a particular item will
be answered correctly by a given set of students. The result of these procedures
is a set of estimates that allows the creation of a continuous scale representing
mathematical literacy. On this continuum it is possible to estimate the location
of individual students, thereby seeing what degree of mathematical literacy they
demonstrate, and it is possible to estimate the location of individual test items,
thereby seeing what degree of mathematical literacy each item embodies.*

Once the difficulty of individual items was given a rating on the scale, student

performance could be described by giving each student a score according to
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the hardest task that they could be predicted to perform. This does not mean
that students will always be able to perform items at or below the difficulty level
associated with their own position on the scale, and never be able to do harder
items. Rather, the ratings are based on probability. As illustrated in Figure 2.1,
students have a relatively high probability” of being able to complete items below
their own rating (with the probability rising for items further down the scale),
but are relatively unlikely to be able to complete those items further up.

To facilitate the interpretation of the scores assigned to students, the scale was
constructed to have an average score among OECD countries of 500 points,
with about two-thirds of students across OECD countries scoring between 400
and 600 points.*

In a manner similar to the reporting of the PISA 2000 reading assessment, which
presented results in proficiency levels, student scores in mathematics in 2003
were grouped into six proficiency levels. The six proficiency levels represented
groups of tasks of ascending difficulty, with Level 6 as the highest and Level
1 as the lowest. The grouping into proficiency levels was undertaken on the

...with a score of
500 representing average

OECD pe{formance.

Students were grouped in
six levels of proficiency,
plus a group below

Level 1...

Figure 2.1 m The relationship between items and students on a proficiency scale

Mathematics
scale

Items with

relatively high difficulty

StudentA, with It is expected that student A will be able
ItemVI ——> o— @ relatively high  to complete items I toV successfully, and

proﬁciency probably item VI as well.

It is expected that student B will be able to

ItemV
It v
o Student B, with
Items with moderate
moderate difficulty proficiency
Ttem Il —— >t
Item [ ——
Items with
relatively low difficulty
Item[ ———>
Student C,
with relatively
low proficiency

complete items I, I and 111 successfu]ly, will have
a lower probability of completing item IV and is
unlikely to complete itemsV and VI successfully.

It is expected that student C will be unable
to complete items I toVI successfully and will
also have a low probability of completing
item I successfully.
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basis of substantive considerations relating to the nature of the underlying
competencies. Students with below 358 score points on any of the mathematics
scales were classified as below Level 1. Such students, representing 11 per cent
of students on average across OECD countries, were not necessarily incapable
of performing any mathematical operation. However, they were unable to utilise
mathematical skills in the situations required by the easiest PISA tasks.

Proficiency at each of these levels can be understood in relation to descriptions of
the kind of mathematical competency that a student needs to attain them. These
are summarised in Figure 2.2. In fact, these descriptions represent a synthesis of
the proficiency descriptions for each of the content areas of mathematics, which
are given later in this chapter when discussing results in each content area. The
progression through these levels, in terms of the ways in which the individual
mathematical processes change as levels increase is shown in Annex A2.

The creation of the six proficiency levels leads to a situation where students with a
range of scores on a continuous scale are grouped together into each single band.
PISA applies an easy-to-understand criterion to assigning students to levels: each
student is assigned to the highest level for which they would be expected to answer
correctly the majority of assessment items. Thus, for example, in a test composed
of items spread uniformly across Level 3 (with difficulty ratings of 483 to 544 score
points), all students assigned to that level would expect to get at least 50 per cent of
the items correct. Someone at the bottom of the level (scoring 483 points) would
be expected to get close to 50 per cent of the items correct; someone in the middle
or near the top of the level would get a higher percentage of items correct. For this
to be true, a student scoring 483 needs to have a 50 per cent chance of completing
an item in the middle of Level 3 (rated 513 score points) and thus have a greater
than 50 per cent chance of getting right an item rated at their score, 483 points.
This latter probability needs to be 62 per cent to fulfil these conditions.

How results are reported

PISA 2003 mathematics results are reported on four scales relating to the content
areas described above. Performance is also reported on an overall mathematics
scale.

Figure 2.3 shows a map with a sample of items from the PISA 2003 assessment,
with the items shown in detail in Figures 2.4a-c, Figures 2.7a-b, Figures 2.10a-b
and Figures 2.13a-c. For each of the four content areas, the selected items and item
scores (i.e., full or partial credit) have been ordered according to their difficulty, with
the most difficult of these scores at the top, and the least difficult at the bottom.

The characteristics of the items shown in the map provide the basis for a
substantive interpretation of performance at different levels on the scale.
Patterns emerge that make it possible to describe aspects of mathematics that
are consistently associated with various locations along the literacy continuum
shown by the map. For example, among the small sample of items in Figure 2.3,
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Figure 2.2 m Summary descriptions for the six levels of proficiency in mathematics

Level

WHAT STUDENTS CANTYPICALLY DO

At Level 6, students can conceptualise, generalise, and utilise information based on their
investigations and modelling of complex problem situations. They can link different information
sources and representations and flexibly translate among them. Students at this level are capable
of advanced mathematical thinking and reasoning. These students can apply this insight and
understanding, along with a mastery of symbolic and formal mathematical operations and
relationships, to develop new approaches and strategies for attacking novel situations. Students at
this level can formulate and precisely communicate their actions and reflections regarding their
findings, interpretations, arguments, and the appropriateness of these to the original situations.

At Level 5, students can develop and work with models for complex situations, identifying
constraints and specifying assumptions. They can select, compare, and evaluate appropriate
problem-solving strategies for dealing with complex problems related to these models.
Students at this level can work strategically using broad, well-developed thinking and
reasoning skills, appropriately linked representations, symbolic and formal characterisations,
and insight pertaining to these situations. They can reflect on their actions and can formulate
and communicate their interpretations and reasoning.

At Level 4, students can work effectively with explicit models for complex concrete situations
that may involve constraints or call for making assumptions. They can select and integrate
different representations, including symbolic ones, linking them directly to aspects of real-
world situations. Students at this level can utilise well-developed skills and reason flexibly,
with some insight, in these contexts. They can construct and communicate explanations and
arguments based on their interpretations, arguments and actions.

At Level 3, students can execute clearly described procedures, including those that require
sequential decisions. They can select and apply simple problem-solving strategies. Students
at this level can interpret and use representations based on different information sources
and reason directly from them. They can develop short communications reporting their

interpretations, results and reasoning,

At Level 2, students can interpret and recognise situations in contexts that require no more
than direct inference. They can extract relevant information from a single source and make
use of a single representational mode. Students at this level can employ basic algorithms,
formulae, procedures or conventions. They are capable of direct reasoning and making literal
interpretations of the results.

At Level 1, students can answer questions involving familiar contexts where all relevant
information is present and the questions are clearly defined. They are able to identify information
and to carry out routine procedures according to direct instructions in explicit situations. They
can perform actions that are obvious and follow immediately from the given stimuli.
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Figure 2.3 m A map of selected mathematics items

Level

Space and shape

Change and relationships

Quantity

Uncertainty

Figures 2.43-c

Figures 2.7a-b

WALKING
Question 5 — Score 3 (723)

Figures 2.10a-b

Figures 2.133-c

ROBBERIES
CARPENTER Question 15 — Score 2 (694)
Question 1 (687)
668.7
WALKING
Question 5 — Score 2 (666)
WALKING TEST SCORES
606.6 Question 4 (611) Question 6 (620)
WALKING
Question 5 — Score 1 (605)
EXCHANGE RATE
CROWING UP Question 11 (586) ROBBERIES
Question 8 (574) SKATEBOARD Question 15 — Score 1 (577)
Question 13 (570) EXPORTS
SKATEBOARD Question 18 (565)
544 .4 Question 14 (554)
GROWING UP
Question 7 — Score 2 (525)
NUMBER CUBES
oo QUESEION 3 (503) e e OECD average = 500
SKATEBOARD
480 4 Question 12 — Score 2 (496)
SKATEBOARD
Question 12 — Score 1 (464)
EXCHANGE RATE
STAIRCASE Question 10 (439) EXPORTS

420.4  Question 2 (421)

GROWING UP

Question 17 (427)

358.3

Question 7 — Score 1 (420)

EXCHANGE RATE
Question 9 (406)

Below
Level 1
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the easiest items are all from the reproduction competency cluster. This reflects
the pattern observed with the full set of items. It is also seen from the full
set of PISA items that those items characterised as belonging to the reflection
cluster tend to be the most difficult. Items in the connections cluster tend to be of
intermediate difficulty, though they span a large part of the proficiency spectrum
that is analysed through the PISA assessment. The individual competencies
defined in the mathematics framework operate quite differently at different

levels of performance, as predicted by the assessment framework.

Near the bottom of the scale, items set in simple and relatively familiar contexts
require only the most limited interpretation of the situation, as well as direct
application of well-known mathematical knowledge in familiar situations.
Typical activities are reading a value directly from a graph or table, performing
a very simple and straightforward arithmetic calculation, ordering a small set of
numbers correctly, counting familiar objects, using a simple currency exchange
rate, identifying and listing simple combinatorial outcomes. For example,
Question 9 from the unit Exchange Rate (Figure 2.10a) presents students with
a simple rate for exchanging Singapore dollars (SGD) into South African rand
(ZAR), namely 1 SGD = 4.2 ZAR. The question requires students to apply
the rate to convert 3000 SGD into ZAR. The rate is presented in the form of a
familiar equation, and the mathematical step required is direct and reasonably
obvious. In examples 9.1 and 9.2 from the unit Building Blocks (OECD, 2003e),
students were presented with diagrams of familiar three-dimensional shapes
composed of small cubes, and asked to count (or calculate) the number of the
small cubes used to make up the larger shapes.

Around the middle of the scale, items require substantially more interpretation,
frequently of situations that are relatively unfamiliar or unpractised. They often
demand the use of different representations of the situation, including more
formal mathematical representations, and the thoughtful linking of those different
representations in order to promote understanding and facilitate analysis. They
often involve a chain of reasoning or a sequence of calculation steps, and can
require students to express reasoning through a simple explanation. Typical
activities include interpreting a set of related graphs; interpreting text, relating
this to information in a table or graph, extracting the relevant information and
performing some calculations; using scale conversions to calculate distances on a
map; and using spatial reasoning and geometric knowledge to perform distance,
speed and time calculations. For example, the unit Growing Up (Figure 2.7b)
presents students with a graph of the average height of young males and young
females from the ages of ten to 20 years. Question 7 from Growing Up asks
students to identify the period in their life when females are on average taller
than males of the same age. Students have to interpret the graph to understand
exactly what is being displayed. They also have to relate the graphs for males and
females to each other and determine how the specified period is shown then
accurately read the relevant values from the horizontal scale. Question 8 from
the unit Growing Up invites students to give a written explanation as to how the
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...while difficult
tasks are more complex
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interpretation of

unfamiliar problems.

Thus, d{fﬁcult)’ rises
with the amount
qfimerprctation,

representation, complex
processing and
argLImentation 1'equired

of students.

graph shows a slowdown in the growth rate for girls after a particular age. To
answer this question successfully, students must understand how the growth
rate is displayed in such a graph, identify what is changing at the specified point
in the graph in comparison to an earlier period and clearly articulate their

explanation in words.

Towards the top of the scale, items are displayed that typically involve a number
of different elements, and require even higher levels of interpretation. Situations
are typically unfamiliar, hence requiring some degree of thoughtful reflection
and creativity. Questions usually demand some form of argument, often in the
form of an explanation. Typical activities involved include: interpreting complex
and unfamiliar data; imposing a mathematical construction on a complex real-
world situation; and using mathematical modelling processes. At this part of the
scale, items tend to have several elements that need to be linked by students,
and their successful negotiation typically requires a strategic approach to
several interrelated steps. For example, Question 15 from the unit Robberies
(Figure 2.13a) presents students with a truncated bar graph showing the number
of robberies per year in two specified years. A television reporter’s statement
interpreting the graph is given. Students are asked to consider whether or not
the reporter’s statement is a reasonable interpretation of the graph, and to give
an explanation as to why. The graph itself is somewhat unusual, and requires
some interpretation. The reporter’s statement must be interpreted in relation
to the graph. Then, some mathematical understanding and reasoning must be
applied to determine a suitable meaning of the phrase “reasonable interpretation”
in this context. Finally, the conclusion must be articulated clearly in a written
explanation. Fifteen-year-old students typically find such a sequence of thought
and action quite challenging.

Another example presented in the PISA assessment framework, example 3.2 in the
unit Heartbeat (OECD, 2003e), presents students with mathematical formulations
of the relationship between a person’s recommended maximum heart rate and
their age, in the context of physical exercise. The question invites students to
modify the formulation appropriately under a specified condition. They have to
interpret the situation, the mathematical formulations, the changed condition,
and construct a modified formulation that satisfies the specified condition. This
complex set of linked tasks also proved to be very demanding for 15-year-olds.

Based on the patterns observed when the full item set is investigated in this
way, it is possible to characterise growth along the PISA mathematics scale by
referring to the ways in which mathematical competencies are associated with
items located at different points along the scale.

The ascending difficulty of mathematics items is associated with:

* The kind and degree of interpretation and reflection needed, including the
nature of demands arising from the problem context; the extent to which the

mathematical demands of the problem are apparent or to which students must
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impose their own mathematical construction on the problem; and the extent
to which insight, complex reasoning and generalisation are required.

* The kind of representation skills that are necessary, ranging from problems
where only one mode of representation is used to problems where students
have to switch between different modes of representation or to find appropriate

modes of representation themselves.

* The kind and level of mathematical complexity required, ranging from single-
step problems requiring students to reproduce basic mathematical facts and
perform simple computation processes through to multi-step problems
involving more advanced mathematical knowledge, complex decision-making,
information processing, problem-solving and modelling skills.

* The kind and degree of mathematical argumentation that is required, ranging
from problems where no argumentation is necessary at all, through to problems
where students may apply well-known arguments, to problems where students
have to create mathematical arguments or to understand other people’s
argumentation or judge the correctness of given arguments or proofs.

WHAT STUDENTS CAN DO IN FOUR AREAS OF MATHEMATICS

By looking at how students performed on the four scales, alongside examples of the
tasks associated with those content areas of mathematics, it is possible to provide a
profile of what PISA shows about students’ mathematical abilities. For two of these
areas — change and relationships and space and shape, it is also possible to compare
mathematical performance in 2003 with that measured in PISA 2000.

Student performance on the mathematics/space and shape scale

A quarter of the mathematical tasks given to students in PISA are related to spatial
and geometric phenomena and relationships. Figures 2.4a-c show three sample
tasks from this category: one at Level 2, one at Level 3 and one at Level 6.

The knowledge and skills required to reach each level are summarised in
Figure 2.5. In PISA 2003, only a small proportion of 15-year-olds — 5 per cent
overall in the combined OECD area’ — can perform the highly complex tasks
required to reach Level 6. However, more than 15 per cent of the students in
Korea and the PISA partner country Hong Kong-China, and more than 10 per
cent of the students in Belgium, the Czech Republic, Japan and Switzerland as
well as the partner country Liechtenstein (Figure 2.6a) perform at Level 6. In
contrast, in Greece, Mexico and Portugal, as well as in the partner countries
Brazil, Indonesia, Serbia,” Thailand, Tunisia and Uruguay, less than 1 per cent
reach Level 6 (Table 2.1a).

A quarter or more of students fail to reach Level 2 in Greece, Hungary,
Ireland, Italy, Luxembourg, Mexico, Norway, Poland, Portugal, Spain, Turkey
and the United States as well as in the partner countries Brazil, Indonesia,
Latvia, the Russian Federation, Serbia, Thailand, Tunisia and Uruguay.
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Figure 2.43 m A sample of mathematics items used in PISA for
the space and shape scale: Unit CARPENTER

CARPENTER

A carpenter has 32 metres of timber and wants to make a border around a garden bed.

He is considering the fo]]owing designs for the garden bed.

10m 10m

6m 6m
10m 10m
QUESTION 1
Circle either “Yes”or “No”for each design to indicate whether the garden bed can be made with 32 metres of timber.
Garden Using this design, can the garden bed be
bed design made with 32 metres of timber?
Design A Yes / No
Design B Yes / No
Design C Yes / No
Design D Yes / No

Level

Score 1 (687)
Answers which indicate Yes, No, Yes, Yes, in that order.

This Comp]ex mu]tip]e—chaice item is situated in an educational context, since it is the kind qfquasi—rea]istic problem that would
typically be seen in a mathematics class, rather than being a genuine problem likely to be met in an occupational setting. While not
regarded as typical, a small number of such problems have been included in the PISA assessment. However, the competencies needed

_for this problem are certainly relevant and part of mathematical literacy. This item illustrates Level 6 with a difficulty of 687 score

points. The item belongs to the space and shape content area, and it fits the connections competency cluster — as the problem is non-
routine. The students need the competence to recognise that for the purpose of solving the question the two-dimensional shapes A, C
and D have the same perimeter, therefore they need to decode the visual information and see similarities and differences. The students
need to see whether or not a certain border-shape can be made with 32 metres of timber. In three cases this is rather evident because
quhe rectangular shapes. But thcfourth is a parallelogram, requiring more than 32 metres. This use qucomctrical insight and
argumentation skills and some technical geometrical knowledge makes this item illustrate the Level 6.
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Figure 24b m A sample of mathematics items used in PISA for
the space and shape scale: Unit STAIRCASE

STAIRCASE

The diagram below illustrates a staircase with

14 steps and a total height of 252 cm:

Total height 252 cm

Total depth 400 cm

QUESTION 2

What is the height of each of the 14 steps?
Height: .................. cm.

Score 1 (421)

Level

668.7

606.6

5444

Answers which indicate 18 cm.

This short open-constructed response item is situated in a daily life context for carpenters and therefore is classified as having

an occupational context. It has a difficulty of 421 score points. One does not need to be a carpenter to understand the relevant
infnrmation; it is clear that an ir}formed citizen should be able to interpret and solve a problem like this that uses two djfferent
representation modes: language, including numbers, and a graphical representation. But the illustration serves a simple and non-
essential function: students know what stairs look like. This item is noteworthy because it has redundant information (the depth

is 400 ¢m) that is sometimes considered by students as confusing, but such redundancy is common in real-world problem solving.
The context qfthe stairs places the item in the space and shape content area, but the actual procedure to carry out is a simple
division. As this is a basic operation with numbers (divide 252 by 14) the item belongs to the reproduction competency cluster. The
problem-solving competency involved here solving problems by invoking and using standard approaches and procedures in one way
on]}/. All the required izgformation, and even more than required, is presented in a recognisable situation, the students can extract the
relevant inﬂ)rmationfrom a single source, and, in essence the item makes use qfa single representational mode. Combined with the
application of a basic algorithm makes this item fit, although barely, at Level 2.

482.4

358.3

\4
e _J - ] - | - =

Below 1
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Figure 2.4c ®m A sample of mathematics items used in PISA for
the space and shape scale: Unit NUMBER CUBES

NUMBER CUBES

On the right, there is a picture of two dice.
Dice are special number cubes for which the following rule applies:

“The total number Qf dots on two opposite faces is always seven.”

QUESTION 3

You can make a simple number cube by cutting,folding and gluing cardboard. This can be done in many ways.
In the figure below you can see four cuttings that can be used to make cubes, with dots on the sides.

Which of the following shapes can be folded together to form a cube that obeys the rule that the sum of opposite

faces is 7? For each shape, circle either “Yes”or “No”in the table below.

°
I . II .
° o0 o0 oo °
° o. ° P P ° o. °
o0 o0
o0 o0
00 0
111 IO v
°
o0
° ° oo:: ° o o0
.. ® 0|lo o [ 3N ] ..
°
°

Obeys the rule that the sum
Shape . .
of opposite faces is 7?
1 Yes / No
II Yes / No
11 Yes / No
v Yes / No

Score 1 (503)

Answers which indicate No, Yes, Yes, No, in that order.

This complex multiple-choice item is situated in a personal context. It has a difficulty of 503 score points. Many games that children
encounter during their education, Whetherjbrma] or injbrma], use number cubes. The problem does not assume any previous knowledge
about this cube, but an understanding of the rule of its construction: two opposite sides have a total of seven dots. This construction
rule emphasises a numerical aspect, but the problem posed requires some kind qfspa[ial insight or mental visualisation technique.
These competencies are an essential part quathcmatica] literacy as students live in three-dimensional space, and qﬁen are coqfranted
with two-dimensional representations. Students need to mentally imagine how the four plans of number cubes, if reconstructed into a
3-D number cube, obey the numerical construction rule. Ther?fore the item belongs to the space and shape content area. The problem
is not routine: it requires the encoding and spatial interpretation qf two-dimensional objects, interpretation Qf the connected three-
dimensional object, interpreting back—and:fbrth between model and reality, and checking certain basic quantitative relations. This leads
to a classification in the connections competency cluster. The item requires spatial reasoning skills within a personal context with all
the relevant information clearly presented in writing and with graphics. The item illustrates Level 3.
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Figure 25m Summary descriptions of six levels of proficiency on the mathematics/space and shape scale

Level

General competencies
students should have
at each level

Specific tasks students
should be able to do

5% of all students across the OECD area can perform tasks at Level 6 on the space and shape scale

5

4

Solve complex problems involving
multiple representations and often
involving sequential calculation
processes; identify and extract
relevant information and link
different but related information;
use reasoning, significant insight and
reflection; and generalise results
and findings, communicate solutions
and provide explanations and
argumentation

15% of all students across the OECD

Solve problems that require
appropriate assumptions to be
made, or that involve working
with assumptions provided;

use well-developed spatial
reasoning, argument and insight
to identify relevant information
and to interpret and link different
representations; work strategically
and carry out multiple and
sequential processes

30% of all students across the OECD

Solve problems that involve
visual and spatial reasoning and
argumentation in unfamiliar
contexts; link and integrate
different representations; carry
out sequential processes; apply
well-developed skills in spatial

visualisation and interpretation

— Interpret complex textual descriptions and relate these to other (often
multiple) representations

— Use reasoning involving proportions in non-familiar and complex situations

— Show signiﬁcant insight to conceptualise complex geometric situations or
to interpret complex and unfamiliar representations

— Identify and combine multiple pieces of information to solve problems

— Devise a strategy to connect a geometrical context with known mathematical
procedures and routines

— Carry out a complex sequence of calculations, for example volume
calculations or other routine procedures in an applied context, accurately
and completely

— Provide written explanations and arguments based on reflection, insight
and generalisation of understanding

area can perform tasks at least at Level 5 on the space and shape scale

— Use spatial /geometrical reasoning, argument, reflection and insight into
two- and three-dimensional objects, both familiar and unfamiliar

— Make assumptions or work with assumptions to simplify and solve a
geometrical problem in a real-world setting, e.g., involving estimation of

quantities in a real-world situation, and communicate explanations
— Interpret multiple representations of geometric phenomena
— Use geometric constructions
— Conceptualise and devise multi-step strategies to solve geometrical problems

— Use well-known geometrical algorithms but in unfamiliar situations, such
as Pythagoras’ theorem, and calculations involving perimeter, area and

volume

area can perform tasks at least at Level 4 on the space and shape scale

— Interpret complex text to solve geometric problems
— Interpret sequential instructions and follow a sequence of steps
— Interpretation using spatial insight into non—standard geometric situations

— Use a two—dimensional model to work with 3-D representations of unfamiliar
geometric situation

— Link and integrate two different visual representations of geometric
situations

— Develop and implement a strategy involving calculation in geometric

situations
— Reason and argue about numeric relationships in a geometric context

— Perform simple calculations (e.g., multiply multi-digit decimal number by an
integer, apply numeric conversions using proportion and scale, calculate areas
of familiar shapes)
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General competencies Specific tasks students
students should have should be able to do
Level at each level

3 51% of all students across the OECD area can perform tasks at least at Level 3 on the space and shape scale

Solve problems that involve — Interpret textual descriptions of unfamiliar geometric situations

clementary visual and spatial — Use basic problem—solving skills, such as devising a simple strategy

reasoning in familiar contexts; link — Use visual perception and elementary spatial reasoning skills in a familiar

different representations of familiar situation

objects; use elementary problem — Work with a given familiar mathematical model

lving skills (devising simpl
5o Vmg‘ skils ( ev1?1ng Stmple . — Perform simple calculations such as scale conversions (using
strategies); apply SImple algorlthms L . . .
multiplication, basic proportional reasoning)

— Apply routine algorithms to solve geometric problems (e.g., calculate
lengths within familiar shapes)

2 71% of all students across the OECD area can perform tasks at least at Level 2 on the space and shape scale

Solve problems involving a single — Recognise simple geometric patterns
mathematical representation — Use basic technical terms and definitions and apply basic geometric
where the mathematical content is concepts (e.g., symmetry)

direct and clearly presented; use — Apply a mathematical interpretation of a common-language relational

basic mathematical thinking and term (e.g., “bigger”) in a geometric context

conventions in familiar contexts — Create and use a mental image of an object, both two- and three-
dimensional

— Understand a visual two-dimensional representation of a familiar
real-world situation

— Apply simple calculations (e.g., subtraction, division by two-digit

number) to solve problems in a geometric setting

1 87% of all students across the OECD area can perform tasks at least at Level 1 on the space and shape scale

Solve simple problems in a familiar — Use a given two-dimensional representation to count or calculate
context using familiar pictures or elements of a simple three-dimensional object

drawings of geometric objects and
applying counting or basic calcula-
tion skills

This level has been chosen to align country performance in Figure 2.6a as it
represents a baseline level of mathematics proficiency on the PISA scale at
which students begin to demonstrate the kind of literacy skills that enable
them to actively use mathematics as stipulated by the PISA definition: at
Level 2, students demonstrate the use of direct inference to recognise the
mathematical elements of a situation, are able to use a single representation
to help explore and understand a situation, can use basic algorithms,
formulae and procedures, and make literal interpretations and apply direct

reasoning. In Finland, more than 90 per cent of students perform at or above

this threshold.

The great majority of students, 87 per cent, can at least complete the easiest
space and shape tasks required to reach Level 1 (Table 2.1a). However, this also
varies greatly across countries.
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Figure 2.63 m Percentage of students at each level of proficiency on

the mathematics/space and shape scale

Below Level 1 M Level 1 Level 2 Level 3 Level 4 M Level 5 M Level 6

Percentage of students

100

. |“ Tt
I

20

A Profile of Student Performance in Mathematics [

50
75
100
I « g @ I I SN SN o e I R N~ I N0 & &=
E:%aws:'U’E-cpgzEfgmo-:ﬁzsh’E';-SmEh&’ggSﬂoggdvva'zﬁ
fE AR Y - S e ReREPEeEs oS3 S22 S ® S Q= 8 B O A
~£d0m£d~g—kabsﬁsamosao—tﬁmh—tbl)gu‘;—n=®Q~m}q>¢= =
CEUSNM 0T g b 0 = 3 2o Snisvgwmgeg TEEEESBEL -7
=R ) CIRZEC - 2 &x = = 5 N F‘th
iE 4 SLINUNELESmogT<a o8 Zz=z239.58 9 =5 .=
= = &< X <Fa A CH) T3z A == £
S cggoE E = IR = 5 =
o LEzw 8 o) s 3 Sz
g © 2
=

Countries are ranked in descending order of percentage UfIE—)/eaI—o]ds in Levels 2, 3,4, 5 and 6.
Source: OECD PISA 2003 database, Table 2.1a.

One way to summarise student performance and to compare the relative standing  An overall mean score of
of countries on the mathematics/space and shape scale is by way of their mean  country performance can
scores. This is shown in Figure 2.6b. As discussed in Box 2.1, when interpreting  be compared, but in some
mean performance, only those differences between countries that are statistically  cases country differences
significant should be taken into account. The figure shows those pairs of countries  are not statistically
where the difference in their mean scores is sufficient to say with confidence that  significant. ..

the higher performance by sampled students in one country holds for the entire

population of enrolled 15-year-olds. A country’s performance relative to that

of the countries listed along the top of the figure can be seen by reading across

each row. The colours indicate whether the average performance of the country

in the row is either lower than that of the comparison country, not statistically

signiﬁcant different, or higher. When rnaking multiple comparisons, e.g., when

comparing the performance of one country with that of all other countries,
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Box2.1 m Interpreting sample statistics

Standard errors and confidence intervals. The statistics in this report represent estimates of
national performance based on samples of students rather than the values that could be calculated
if every student in every country had answered every question. Consequently, it is important
to know the degree of uncertainty inherent in the estimates. In PISA 2003, each estimate has
an associated degree of uncertainty, which is expressed through a standard error. The use of
confidence intervals provides a means of making inferences about the population means and
proportions in a manner that reflects the uncertainty associated with sample estimates. Under
the usually reasonable assumption of a normal distribution, and unless otherwise noted in this
report, there is a 95 per cent chance that the true value lies within the confidence interval.

Judging whether populations differ. This report tests the statistical significance of differences
between the national samples in percentages and in average performance scores in order to judge
whether there are differences between the populations that the samples represent. Each separate
test follows the convention that, if in fact there is no real difference between two populations, there
is no more than a 5 per cent probability that an observed difference between the two samples will
erroneously suggest that the populations are different as the result of sampling and measurement
error. In the figures and tables showing multiple comparisons of countries’ mean scores, multiple
comparison significance tests are also employed that limit to 5 per cent the probability that the mean
of a given country will erroneously be declared to be different from that of any other country, in

cases where there is in fact no difference (Annex A4).

a more cautious approach is required: only those comparisons indicated by the
upward and downward pointing symbols should be considered statistically
significant for the purpose of multiple comparisons.” Figure 2.6b also shows
which countries perform above, at or below the OECD average. Results from the
United Kingdom were excluded from this and similar comparisons, because the
data for England did not comply with the response rate standards which OECD
countries had established to ensure that PISA yields reliable and internationally
comparable data (Annex A3).

...s0 one can only say  For the reasons explained in Box 2.1 it is not possible to determine the exact rank
within a range where  order position of countries in the international comparisons. However, Figure 2.6b
each country ranks, with  shows the range of rank order positions within which the country mean lies with
Hong Kong-China, Japan 95 per cent probability. Results are shown both for the OECD countries and all
and Korea performing  countries that participated in PISA 2003, including both OECD and partner countries.
strongest.  For example, while the mean score for the partner country Hong Kong-China is
the highest on the mathematics/space and shape scale followed by the scores from
Japan and Korea, it is important to note that they are not statistically different from
each other. Because of sampling errors, it is not possible to say which country’s rank
lies first, but it is possible to say with 95 per cent confidence that Japan, Korea and

Hong Kong-China lie between first and third positions of all countries.
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F iqure 2.6bm Multiple comparisons of mean performance on the mathematics/space and shape scale
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* Because data are based on samples, it is not possible to report exact rank order positions for countries. However, it is possible to report the range of rank order positions within

which the country mean lies with 95 per cent likelihood.

Instructions:

Read across the row for a country to compare performance with
the countries listed along the top of the chart. The symbols
indicate whether the average performance of the country in the
row is lower than that of the comparison country, higher than that
of the comparison country, or if there is no statistically significant
difference  between the average achievement of the two
countries.

Source: OECD PISA 2003 database.

Without the - Mean performance statistically significantly hlgher than in comparison country

Bonferroni

No statistically significant difference from comparison country

adjustment: 0 Mean performance statistically significantly lower than in comparison country

With the

Bonferroni

adjustment:

A

v

Mean performance statistically significantly higher than in comparison country
No statistically significant difference from comparison country
Mean performance statistically significantly lower than in comparison country

_ Statistically significantly above the OECD average

. Not statistically significantly different from the OECD average
Statistically significantly below the OECD average

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

A Profile of student Performance in Mathematics

59



A Profile of Student Performance in Mathematics 8

Box2.2 m Interpreting differences in PISA scores: how large a gap?

What is meant by a difference of, say, 50 points between the scores of two different groups of
students? The following comparisons can help to judge the magnitude of score differences.

A difference of 62 score points represents one proficiency level on the PISA mathematics scales.
This can be considered a comparatively large difference in student performance in substantive
terms: for example, with regard to the thinking and reasoning skills that were described above in
the section on the process dimension of the PISA 2003 assessment framework, Level 3 requires
students to make sequential decisions and to interpret and reason from different information
sources, while direct reasoning and literal interpretations are sufficient to succeed at Level 2.
Similarly, students at Level 3 need to be able to work with symbolic representations, while for
students at Level 2 the handling of basic algorithms, formulae, procedures and conventions is
sufficient. With regard to modelling skills, Level 3 requires students to make use of different
representational models, while for Level 2 it is sufficient to recognise, apply and interpret basic
given models. Students at Level 3 need to use simple problem-solving strategies, while for
Level 2 the use of direct inferences is sufficient.

Another benchmark is that the difference in performance on the mathematics scale between
the OECD countries with the highest and lowest mean performance is 159 score points, and
the performance gap between the countries with the third highest and the third lowest mean
performance is 93 score points.

Finally, for the 26 OECD countries in which a sizeable number of 15-year-olds in the PISA
samples were enrolled in at least two different grades, the difference between students in the

two grades implies that one school year corresponds to an average of 41 score points on the
PISA mathematics scale (Table A1.2, Annex A1)."

However, since about 90 Finally, it needs to be taken into account that average performance figures mask
per cent of performance  significant variation in performance within countries, reflecting different levels of
variation occurs within  performance among many different student groups. As in previous international
countries, country  studies of student performance, such as the IEAThird International Mathematics
averages give only part  and Science Study (TIMSS) conducted in 1995 and 1999 and the IEA Trends in
of the picture. ~ Mathematics and Science Study (TIMSS) conducted in 2003, only about one-
tenth of the variation in student performance on the overall mathematics scale
lies between countries and can, therefore, be captured through a comparison of
country averages (Table 5.21a).The remaining variation in student performance
occurs within countries, that is, between education systems and programmes,

between schools and between students within schools.

In the mathematics/space and shape scale, performance also varies notably
between males and females, and more so than in the three other mathematics
scales. Gender differences are most clearly visible at the top end of the scale:
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on average across countries, 7 per cent of males reach Level 6, while only 4
per cent of females do so and in the Czech Republic, Japan, Korea, the Slovak
Republic, Switzerland and the partner country Liechtenstein, the gender gap is
around 6 percentage points or larger (Table 2.1b).

Nevertheless, in most countries the differences are not large when comparing
them over the entire proficiency spectrum.” Across the combined OECD
area, males perform on average 16 score points higher than females on the
mathematics/space and shape scale and they outperform females in all countries
except Iceland, where females outperform males. The difference in favour of
males reaches more than 35 score points, equivalent to half a proficiency level
in mathematics, in the Slovak Republic and in partner country Liechtenstein.
However, the overall differences in favour of males are not statistically significant
in seven of the participating countries, namely Finland, Japan, the Netherlands
and Norway and in the partner countries Hong Kong-China, Serbia and Thailand
(Table 2.1¢).

It is also possible to estimate how much performance on the mathematics/space
and shape scale has changed since the last PISA survey in 2000. However, such
differences need to be interpreted with caution. Firstly, since data are only
available from two points in time, it is not possible to assess to what extent
the observed differences are indicative for longer-term trends. Second, while
the overall approach to measurement used by PISA is consistent across cycles,
small refinements continue to be made, so it would not be prudent to read
too much into small changes in results at this stage. Furthermore, sampling
and measurement error limit the reliability of comparisons of results over
time. Both types of error inevitably arise when assessments are linked through
a limited number of common items over time. To account for the effects of
such error, the confidence band for comparisons over time has been broadened
correspondingly.”

With these caveats in mind, the following comparisons can be made. On average
across OECD countries, performance on the mathematics/space and shape scale
has remained broadly similar among the 25 OECD countries for which data can
be compared (in 2000, the OECD average was 494 score points whereas in
2003 it was 496 score points). However, when examining performance changes
in individual countries, the pattern is uneven (Figures 2.6¢ and 2.6d, and
Table 2.1cand Table 2.1d). In Belgium and Poland, mean performance increases
amounted to between 28 and 20 score points, respectively, roughly equivalent
to a half grade-year difference in student performance among OECD countries
(Box 2.2).The Czech Republic and Italy, as well as the partner countries Brazil,
Indonesia, Latvia and Thailand, have also seen significant performance increases
in the mathematics/space and shape scale, while performance in Iceland and
Mexico declined. In Mexico, this may have been partly attributable to the
strong emphasis on increasing participation rates in secondary schools across
the country.”' In the remaining countries, there was no statistically significant
change in the mean score at the 95 per cent confidence level.
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Males outperform
females in this area of
mathematics in most
countries, particularly at

the top end of the scale.

Comparison of these
results with PISA 2000
must be made with

caution. . .

...and show little change
on average, improvements
in four OECD countries

and a decline in two.
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Figure 2.6c m Comparisons between PISA 2003 and PISA 2000 on the mathematics/space and shape scale

Significance 2003 higher 2003 lower No statistically
levels than 2000  than 2000  significant difference
90 % confidence level + - o

95 % confidence level ++ __

99 % confidence level +++ R

Differences observed in the mean and percentiles

5th 10th 25th Mean 75th 90th 95th
OECD countries
Australia o o o o o o o
Austria o) o) o e} o o e}
Belgium + o ++ +++ +++ +++ +++
Canada o o o o o o o
Czech Republic ++ ++ ++ ++ + [¢) )
Denmark - - - _ 1) 1) o
Finland ++ + o) e} e} e} e}
France o o o (@) (@) ++ (¢]
Germany 0 o) o) + + o o
Greece 0 0 o) o _ - -
Hungary o o o o o + ++
Iceland - - - - o o) o
Ireland o o o) o o o o
Italy o o + ++ ++ ++ +
Japan o o o o o o o
Korea o) o) o) + o o o
Mexico - -- - - - - -
New Zealand o) o) o) o o o o
Norway o) o) o) ¢} o o o
Poland +++ +++ +++ ++ e} e} e}
Portugal +++ +++ ++ fe) o) o) o)
Spain o o o o o o o
Sweden o) o) o) o - - -
Switzerland o 0 0 o o o o
United States o) o) 0 o o + +
OECD total o o o o o o o
OECD average o o o o o o o
Partner countries
Brazil e+ e+ +++ +++ + o o
Hong Kong-China o o o + 4+ + o
Indonesia +4++ +4++ +4++ +++ o) o) le)
Latvia +++ +++ +++ +++ ++ + e}
Liechtenstein @) @) o) o) o) le) le)
Russian Federation 0 o) o) o o o o
Thailand +++ +++ ++ ++ e} ¢} e}

Source: OECD PISA 2003 and PISA 2000 databases, Tables 2.1c and 2.1d.

But it is not just changes Changes in mean performance scores are typically used to assess improvements

in mean scores that are of  in the quality of schools and education systems. However, as noted above, mean

interest...  performance does not provide a full picture of student performance and can

mask significant variation within an individual class, school or education system.
Moreover, countries aim not only to encourage high performance but also to
minimise internal disparities in performance. Both parents and the public at large
are aware of the seriousness of low performance and the fact that school-leavers
who lack fundamental skills face poor employment prospects. Having a high
proportion of students at the lower end of the mathematics scale may give rise to
concern that a large proportion of tomorrow’s workforce and voters will lack the
skills required for the informed judgements that they will need to make.
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Figure 2.6d4 m Differences in mean scores between PISA 2003 and PISA 2000

on the mathematics/space and shape scale

Only countries with valid data for both 2003 and 2000
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Countries are ranked in ascending order of the difference between PISA 2003 and PISA 2000 performances.

Source: OECD PISA 2003 and PISA 2000 databases, Tables 2.1c and 2.1d.

Itis, therefore, important to examine the observed performance changes in more
detail. As seen in Figure 2.6c some of the observed changes have not necessarily
involved an even rise or fall in performance across the ability range. In some
countries, performance across the ability range has widened or narrowed over
a three-year period, as changes in one part of the ability range are not matched
by changes in others.

In Belgium, for example, the 28 point rise in average performance on the
mathematics/space and shape scale has mainly been driven by improved
performance in the top part of the performance distribution — as is visible in the
increase in scores at the 75", 90" and 95" percentiles — while little has changed
at the lower end of the distribution (Figures 2.6¢ and 2.6d, and Tables 2.1c and
2.1d). A similar picture, though less pronounced, emerges for Italy. As a result,
in these two countries overall performance increased but the gap between the
better and poorer performers has widened.

...since some cbange is
driven b)’ a particu]ar

part of the ability range.

Improvements in Be]gium
and Italy have been
driven b)f higher—abi]it}’

students. . .

—
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...whereas in Poland

and the Czech Repub]ic

overall performance

increased because

]ower—pezforming students

tended to catch up.

In contrast, for Poland, the rise in average performance on the mathematics/
space and shape scale is attributable mainly to an increase in performance at the
lower end of the performance distribution (i.e., 5*, 10" and 25" percentiles).
Consequently, in 2003 fewer than 5 per cent of students fell below performance
standards that had not been reached by the bottom 10 per cent of Polish students
in 2000. As a result, Poland succeeded in raising the average performance of 15-
year-olds on the mathematics/space and shape scale while narrowing the overall
performance gap between the lower and higher achievers over this period; this
change that may well be associated with the massive reform of the schooling
systems in 1999, which now provide more integrated educational structures.
To a lesser extent, this pattern also holds for the Czech Republic, the remaining
country with a substantial increase in average performance (Figures 2.6c-d,

Table 2.1c¢ and Table 2.1d).

Student performance on the mathematics/change and
relationships scale

A quarter of the mathematical tasks given to students in PISA are related to
mathematical manifestations of change, functional relationships and dependency
among variables. Figures 2.7a-b show tasks at all six levels in this category:

Figure 2.73 m A sample of mathematics items used in PISA for the change and relationships scale:

Unit WALKING

WALKING

The picture shows the footprints of a man walking. The pacelength P is the distance between the rear of two consecutive
footprints.

For men, the formula, % = 140, gives an approximate relationship between n and P where:

n

P

number of steps per minute, and

pacelength in metres.
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WALKING

QUESTION 5
Bernard knows his pacelength is 0.80 metres. The formula applies to Bernard’s walking.

Calculate Bernard’s walking speed in metres per minute and in kilometres per hour. Show your working out.

Level

Score 3 (723)
Answers which indicate correctly metres/minute (89.6 ) and km/hour (5.4). Errors due to rounding are
acceptable.

Score 2 (666)
Answers which are incorrect or incomplete because:
* They were not multiplied by 0.80 to convert from steps per minute to metres per minute.

* They correctly showed the speed in metres per minute (89.6 metres per minute) but the conversion to
kilometres per hour was incorrect or missing,

* They were based on the correct method (explicitly shown) but with other minor calculation error(s).

* They indicated only 5.4 km/hr, but not 89.6 metres per minute (intermediate calculations not shown).

Score 1 (605)

Answers which give n = 140 x .80 = 112 but no further working out is shown or incorrect working out from
this point.

This open-constructed response item is situated in a personal context. The coding guide fur this item pruvidesjbr fu]] credit, and two levels qf
partial credit. The item is about the relationship between the number of steps per minute and pacelength. It follows that it fits the change and
relationships content area. The mathematical routine needed to solve the problem successfully is substitution in a simple formula (algebra),
and carrying out a non-routine calculation. To solve the problem, Studentsﬁrst calculate the number (y(xteps per minute when the pace—]ength
is given (0.8 m). This requires substitution into and manipulation of the expression:n/0.8 = 140 leading to:n = 140 x 0.8 which is 112
steps per minute. The next question asks for the speed in m/minute which involves converting the number of steps to a distance in metres:112
x0.80 = 89.6 metres; so his speed is 9.6 m/minute. The final step is to transform this speed into km/h - a more commonly used unit of
speed. This involves relationships among units for conversions which is part of the measurement domain. Solving the problem also requires
decoding and interpreting basic symbolic language, and handling expressions containing symbols and formulae. The problem, thergfore, is
rather a complex one involving formal algebraic expression and performing a sequence of different but connected calculations that need
understanding of transforming formulas and units of measures. The lower level partial credit part of this item belongs to the connections
competency cluster and with a difficulty of 605 score points it illustrates the top part of Level 4.The higher level of partial credit illustrates
the upper part ofLeveI 5, with a dgﬁﬁculty 0f666 score points. Students who score the higher level quartia] credit are able to go beyond
finding the number of steps per minute, making progress towards converting this into the more standard units of speed asked for. However,
their responses are either not entirely complete or not fu]])’ correct. Full credit for this item illustrates the upper part of Level 6, as it has a
difficulty of 723 score points. Students who score full credit are able to complete the conversions and provide a correct answer in both of the
requested units.

QUESTION 4

lf the formu]a applies to Heiko’s walking and Heiko takes 70 steps per minute, what is Heiko’s pacelength? Show your
work.

Score 1 (611)

Answers which indicate p=0.5 m or p =50 cm or
P= 1 (unit not required).

This open-constructed response item is situated in a personal context. It has a d{'ﬂi’cult}' off)]l score points, just 4 points beyond the boundary
with Level 4. Everyone has seen his or her ownfootsteps printed in the sand at some moment in ]jfc, most likely without realising what kind
of relations exist in the way these patterns are formed, although many students will have an intuitive feeling that if the pace-length increases,
the number (yrsteps per minute will decrease, other things equal. To ngﬂect on and realise the embedded mathematics in such daily phenomena
is part of acquiring mathematical literacy. The item is about this relationship: number of steps per minute and pacelength. It follows that it
fits the change and relationships content area. The mathematical content could be described as belonging clearly to algebra. Students need to
solve the problem successfully by substitution in a simple formula and carrying out a routine calculation: if n/p = 140, and n = 70, what is
the value of p? The students need to carry out the actual calculation in order to get full credit. The competencies needed involve reproduction
tyrpractised knowledge, the pe(}%rmance qfroutine procedures, application qf:tandard technical skills, manipulation qfexpression: containing
symbols and fnrmu]ae in standard J‘brm, and carrying out computations. Thereﬁ)ru the item belongs to the reproduction competency cluster.
The item requires problem solving by making use of a formal algebraic expression.With this combination qf competencies, and the real-world
setting that students must handle, it illustrates Level 5, at the lower end.

544 4

482.4

420.4

358.3

I

Below 1
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Figure 27bmA sample of mathematics items used in PISA for the change and relationships scale:
Unit GROWING UP

GROWING UP

In 1998 the average height of both young males andyoungfema]es in the Netherlands is represented in this graph.

_ Youth grows taller

Height (cm)

190

180 Average height
of young males
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170
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GROWING UP

QUESTION 8
Explain how the graph shows that on average the growth rate for girls slows down after 12 years of age.

Score 1 (574)

Level

Correct answers which refer to the “change” of the gradient of the graph for females, either by explicitly
referring to the reduced steepness of the curve from 12 years onwards, using daily-life or mathematical
language, or implicitly by using the actual amount of growth before 12 years and after 12 years of age.

This open-constructed response item has a difficulty of 574 score points (Level 4). The focus of the item is on the relationship between age
and height, which means that it belongs to the change and relationships content area. Solving the problem involves the interpretation and
decoding q[ familiar representations qf well known mathematical objects. But there is a rather complex concept in this item, the concept (yr
“decreasing growth”, which is a combination qf “growing”and “slowing down”, to use the language qf the item. In mathematical terms: the
graphs become less steep and the slope (or gradient) decreases. The graphs indicate that this diminished growth rate starts at around age 12.
The communication of this observation is central to the question for the students. The expression of their answers ranges from daily life
language to more mathematical ]anguage about the reduced steepness, or they compare the actual growth in centimetres per year. Thus the
mathematical content can be described as evaluating the characteristics (yr a data set represented in a graph, and noting and interpreting the
dﬂ?crent slopes at various points qf the graphs. In competency terms, the item represents a situation that is not routine but involves fami]iar
settings and demands the linking of different ideas and information — it therefore belongs to the connections competencies cluster. The item
requires mathematical insight and some reasoning and communication of the results of this process, within the explicit models of growth.

QUESTION 7

According to this graph, on average, during which period in their life are females taller than males of the same age?

668.7

606.6

Score 2 (525)
Answers which indicate the correct interval, from 11-13 years or state that girls are taller than boys when
they are 11 and 12 years old (this answer is correct in daily-life language, because it means the interval
from 11 to 13).

544 .4

Score 1 (420)
Other subsets of (11, 12, 13), not included in the full credit section.

This item, with itsj’bcus on age and height means that it lies in the change and relationships content area - it has a d}‘fﬁ‘culty qf

420 (Level 1). The mathematical content can be described as belonging to the data domain because the students are asked to compare
characteristics of two data sets, interpret these data sets and draw conclusions. The competencies needed to succex:\full)/ solve the problem
are in the reproduction cluster and involve the interpretation and decoding of reasonably familiar and standard representations of well
known mathematical objects. Students need thinking and reasoning competencies to answer the question:“Where do the graphs have
common points?”and the argumentation and communication competencies to explain the role these points play in finding the desired
answer. Students who score partial credit are able to show that their reasoning and/or insight was well directed, but they fail in coming
up with afu]], comprehensive answer. They properly idemyj/ ages like 11 and/or 12 and/or 13 as being part qfan answer butfai] to
identify the continuum from 11 to 13 years. The item provides a good illustration of the boundary between Level 1 and Level 2.The full
credit response to this item illustrates Level 3, as it has a djfﬁcult)/ of 525 score points. Students who score full credit are not only able to
show that their reasoning and/or insight is well directed, but they also come up with a ﬁll], comprehensive answer. Students who solve the
problem SUCCC,\':\]FUH)/ are adept at using graphical representations, making conclusions and communicating theirﬁndings.

QUESTION 6

Since 1980 the average height ngO—year—oldfemales has increased by 2.3 c¢m, to 170.6 cm. What was the average
height of a 20-year-old female in 1980?

Answer: ................... cm

Score 1 (477)

482.4

_—

Answers which indicate 168.3 cm (unit already given).

This closed-constructed response item is situated in a scientific context: the growth curves of young males and females over a
period of ten years. It has a difficulty of 477 score points. Science uses graphical representation frequently, for example as in this
item to represent changes in height in relation to the age. Because of the focus on these aspects this item is classified as belonging
to the change and relationships area. The mathematics content is basic. Translating the question into a mathematical context and
carrying out a basic arithmetic operation: subtraction (170.6 — 2.3). This places it in the reproduction competency cluster: the
thinking and reasoning required involves the most basicform qfquestions (“How much is the dl'ﬁrerence?"); the same ho]d:for

the argumentation competency: the students just need to follow a standard quantitative process. An added complexity is the fact
that the answer can befound by ignoring the graph altogether — an example ofredundant izy‘brmam’on. Summarising, the item
requires that students can extract the relevant information from a single source (and ignoring the redundant source) and make

use of a single representational mode and can employ a basic subtraction algorithm. Therefore the item illustrates Level 2.

358.3

Below 1
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A small minority of The precise competencies required to reach each level are given in Figure 2.8. As

students can perform the ~ with the mathematics/space and shape scale, 5 per cent of students in the combined
very hardest change and ~ OECD area can perform Level 6 tasks. Thirty-two per cent of students in the OECD
relationships tasks...  area, but half of the students in Korea, the Netherlands, and the partner country
Hong Kong-China, and just under half of the students in Belgium, Finland and the

partner country Liechtenstein, and Finland, reach at least Level 4.

Figure 2.8 m Summary descriptions of six levels of proficiency on the mathematics/change and relationships scale

General competencies
students should have
Level at each level

Specific tasks students
should be able to do

6 5% of all students across the OECD area can perform tasks at Level 6 on the change and relationships scale

Use significant insight, abstract
reasoning and argumentation
skills and technical knowledge

and conventions to solve problems
and to generalise mathematical
solutions to complex real-world
problems

— Interpret complex mathematical information in the context of an unfamiliar real-
world situation

— Interpret periodic functions in a real-world setting, perform related calculations
in the presence of constraints

— Interpret complex information hidden in the context of an unfamiliar real-world
situation

— Interpret complex text and use abstract reasoning (based on insight into
relationships) to solve problems

— Insightful use of algebra or graphs to solve problems; ability to manipulate
algebraic expressions to match a real-world situation

— Problem solving based on complex proportional reasonin;

— Multi-step problem-solving strategies involving the use of formulae and
calculations

— Devise a strategy and solve the problem by using algebra or trial-and-error

— Identify a formula which describes a complex real-world situation, generalise
exploratory findings to create a summarising formula

— Generalise exploratory findings in order to carry out calculations

— Apply deep geometrical insight to work with and generalise complex patterns

— Conceptualise complex percentage calculations

— Coherently communicate logical reasoning and arguments

5 15% of all students across the OECD area can perform tasks at least at Level 5 on the change and relationships scale

Solve problems by making advanced
use of algebraic and other formal
mathematical expressions and
models; link formal mathematical
representations to complex real-
world situations; use complex

and multi-step problem-solving
skills, reflect on and communicate
reasoning and arguments

— Interpret complex formulae in a scientific context

— Interpret periodic functions in a real-world setting, perform related calculations
— Use advanced problem-solving strategies

— Interpret and link complex information

— Interpret and apply constraints

— Identify and carry out a suitable strategy

— Reflect on the relationship between an algebraic formula and its underlying data
— Use complex proportional reasoning, e.g., related to rates

— Analyse and apply a given formula in a real-life situation

— Communicate reasoning and argument

4 32% of all students across the OECD area can perform tasks at least at Level 4 on the change and relationships scale

Understand and work with multiple
representations, including explicit
mathematical models of real-world
situations to solve practical problems;
employ considerable flexibility in
interpretation and reasoning,
including in unfamiliar contexts,

and communicate the resulting
explanations and arguments

— Interpret complex graphs, and read one or multiple values from graphs

— Interpret complex and unfamiliar graphical representations of real-world
situations

— Use multiple representations to solve a practical problem

— Relate text-based information to a graphic representation and communicate
explanations

— Analyse a formula describing a real-world situation

— Analyse three-dimensional geometric situations involving volume and
related functions
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Level

General competencies
students should have
at each level

Specific tasks students
should be able to do

— Analyse a given mathematical model involving a complex formula

— Interpret and apply word formulae, and manipulate and use linear formulae
that represent real-world relationships

— Carry out a sequence of calculations involving percentages, proportions,
addition or division

54% of all students across the OECD area can perform tasks at least at Level 3 on the change and relationships scale

Solve problems that involve working
with multiple related representations
(a text, a graph, a table, a formula),
including some interpretation,
reasoning in familiar contexts, and
communication of argument

— Interpret unfamiliar graphical representations of real-world situations

— Identify relevant criteria in a text

— Interpret text in which a simple algorithm is hidden and apply that
algorithm

— Interpret a text and devise a simple strategy

— Link and connect multiple related representations (e.g., two related
graphs, text and a table, a formula and a graph)

— Use reasoning involving proportions in various familiar contexts and
communicate reasons and argument

— Apply a text—given criterion or situation to a graph

— Use arange of simple calculation procedures to solve problems, including
ordering data, time difference calculations and linear interpolation

73% of all students across the OECD area can perform tasks at least at Level 2 on the change and relationships scale

Work with simple algorithms,
formulae and procedures to solve
problems; link text with a single
representation (a graph, a table, a
simple formula); use interpretation
and reasoning skills at an elementary
level

— Interpret a simple text and link it correctly to graphical elements

— Interpret a simple text that describes a simple algorithm and apply that
algorithm

— Interpret a simple text and use proportional reasoning or a calculation

— Interpret a simple pattern

— Interpret and use reasoning in a practical context involving a simple and
familiar application of motion, speed and time relationships

— Locate relevant information in graph, and read values directly from a
graph

— Correctly substitute numbers to apply a simple numeric algorithm or
simple algebraic formula

87% of all students across the OECD area can perform tasks at least at Level I on the change and relationships scale

Locate relevant information in

a simple table or graph; follow
direct and simple instructions to
read information directly from a
simple table or graph in a standard
or familiar form; perform simple
calculations involving relationships
between two familiar variables

— Make a simple connection of text to a specific feature of a simple graph
and read off a value from the graph

— Locate and read a specified value in a simple table

— Perform simple calculations involving relationships between two
familiar variables

Seventy-three per cent of students in the combined OECD area perform at
least at Level 2, the level that was chosen to align the results in Figure 2.9a. It
represents, as explained above, a baseline level of mathematics proficiency on
the PISA scale at which students begin to demonstrate the kind of literacy skills

...and about one in four
cannot perform more
than the very simplest
tasks.

that enable them to actively use mathematics as stipulated by the PISA definition

(Table 2.2a). However in Greece, Italy, Luxembourg, Mexico, Norway, Poland,

Portugal, Spain, Turkey and the United States as well as in the partner countries

Brazil, Indonesia, Latvia, the Russian Federation, Serbia, Thailand, Tunisia and

Uruguay a quarter or more of students fail to reach this threshold.

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

A Profile of Student Performance in Mathematics M



There is a larger country  Among the various mathematics scales, the change and relationships scale shows
gap on this mathematics  the largest gap in mean performance between high and low performing countries
scale than in any other...  — 214 score points or more separate the Netherlands at half a standard deviation
above the OECD average from Brazil, Indonesia and Tunisia at more than one

and a half standard deviations below the OECD average (Figure 2.9b).

...and again, the Figure 2.9b gives a summary of overall student performance in different countries
overall performance  on the change and relationships scale, in terms of the mean student score, and
can be compared across  shows, with 95 per cent probability, the range of rank order positions within which
countries, with the  the country mean lies. As explained before, it is not possible to determine the exact
Netherlands, Finland,  rank order position of countries in the international comparisons. However, it can
Korea and Hong Kong-  be concluded that the Netherlands’ position is between first and third among all
China the strongest.  countries that participated in PISA 2003, indistinguishable from Korea which can

be found between the first and fourth ranks.

Figure 2.93 m Percentage of students at each level of proficiency on
the mathematics/change and relationships scale

A Profile of Student Performance in Mathematics 8
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Source: OECD PISA 2003 database, Table 2.2a.
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Figure 29 m Multiple comparisons of mean performance on the mathematics/change and relationships scale
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Latvia 487 vV VvV VvV VvV VYV VYV VvV VvV VvV VY VYVYVYyVYVYYVYY
Luxembou.rg 487 vV V¥ VvV VvV VYV VYV VvV VvV VvV VvV VYyVYyVYVYVYYVYY L]
United States  |486 vV VvV VvV VvV VYV VYV VYV VvV VvV VvV VvV VYyVYYVYY L]
Poland 484 vV VvV VvV VYV VYV VYV VvV VvV VvV VvV VYV VVYVYVYYVYY L] L]
Spain 481 vV VvV VvV VYV YV VYV VYV VvV VY VY VYVYVYVYVYYVYY L] o o
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Italy 452 vV V VvV VvV VvV VYV VYV VYV VYV VYV VYV VvV VvV VvV VVYyVYVYVYYVYY
Greece 436 vV VvV VvV VvV VYV VYV VYV VYV VYV VYV VY YVY VYV VvV VvV VYV VYV VVYyVYYVYY
Tl.lrkey 423 vV VvV VvV VvV VYV YV VYV YV VYV VY YVYYVYYYYVY VYV VYV VvV VYV VvVVvVVVYVYYVYY
Serbia 419 YV VY VYV VYV Y Y VYV YVYY VYV YV VY VYV VYV VYV VvV VvV YVYyVYyVyVYyVYYVYY
Uruguay 47 vV VvV VvV VYV YV VYV VYV VYV VYV VYV YV VYV V VYV VYV VYVyVVVVYyYVYYVYY
Thailand 405 vV VvV VvV VvV VYV VYV VYV VYV VYV VY VYV VYV VYV VYV VYV VY VYV VVYyVYVYYVYY
Mexico 364 vV VYV VvV VYV VYV VYV VYV VYV VYVYYVYY Y YVY VYV VYV VvV VYV VYV VVYyVYYVYY
Tunisia 337 vV VvV VvV VYV VYV VYV VvV VYV VY YVYYVYYVYYVY VYV VYV VvV VYV VYV VvV VVYVYYVYY
Indonesia 334 YV VY VYV VvV VY VYV VYY VYV VY YV VYV VYV VvV VvV VvV VvV VyYVYyYVYYY
Brazil 333 YV VY VvV VvV VY VYV VY Y VYV VY YVY VYV VYV VvV VvV VvV VYVYyYVYYY
Range of rank*
OECD countries Upper rank 1 1 2 4 3 4 7 7 7 8 10 11 11 11 12 12 14 17 17 19 20 20 20 21 25 26 27 27 29
Lowerrank 2 3 4 6 7 6 9 10 11 11 14 15 16 17 17 17 19 20 21 23 23 24 24 24 25 26 28 28 29
All countries Upper rank 1 1 2 2 2 4 3 5 8 9 9 10 10 12 14 14 14 15 15 17 20 20 22 21 23 23 23 25 26 29 31 32 32 33 33 35 37 38 38 38
Towerrank 3 4 6 8 8 8 9 8 12 12 13 14 14 17 18 19 20 20 20 22 23 24 27 28 27 28 29 29 30 30 31 33 35 35 35 36 37 40 40 40

* Because data are based on samples, it is not possible to report exact rank order positions for countries. However, it is possible to report the range of rank order positions within

which the country mean lies with 95 per cent likelihood.

Instructions:

Read across the row for a country to compare performance with
the countries listed along the top of the chart. The symbols
indicate whether the average performance of the country in the
row is lower than that of the comparison country, higher than that
of the comparison country, or if there is no statistically significant
difference between the average achievement of the two
countries.

Source: OECD PISA 2003 database.

Without the - Mean performance statistically significantly higher than in comparison country
Bor}fe{ram’ No statistically significant difference from comparison country
adjustment: - Mean performance statistically significantly lower than in comparison country

With the A | Mean performance statistically significantly higher than in comparison country
Bonferroni ° No statistically significant difference from comparison country
adjustment: |V | Mean performance statistically significantly lower than in comparison country

_ Statistically significantly above the OECD average
_ Not statistically significantly different from the OECD average
Statistically significantly below the OECD average
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Males outperform females
in just over ha]quthe

countries.

Results on this scale can
also be compared, with
caution, to

PISA 2000. ..

...showing that
performance in change
and relationships
tasks rose overall, but

unevenly. ..

..again driven in
some countries by
improvements among

lower ability students. . .

...but for others by
higher ability students.

Males outperform females in 17 OECD countries and four partner countries,
but generally only by small amounts (Table 2.2¢).” The average performance
difference between males and females is only 10 score points, that is, a somewhat
smaller gap than the difference found for the mathematics/space and shape
scale. Only in Iceland do females perform higher than males. Nevertheless, as
in the case of the mathematics/space and shape scale, gender differences tend
to be larger at the top end of the scale (Table 2.2b).

As for the mathematics/space and shape scale, it is also possible to estimate
how much performance has changed since PISA 2000 (Table 2.2¢ and
Table 2.2d). However, as explained in the preceding section, these differences
need to be interpreted with caution since data are only available from two
points in time, while the observed differences are not only influenced by
sampling error but are also subject to the uncertainty associated with the
linking of the two assessments.

On average across OECD countries, performance among the 25 countries
for which data can be compared has increased from 488 score points in 2000
to 499 score points in 2003, the biggest overall change observed in any area
of the PISA assessment. But again, changes have been very uneven across
OECD countries. The Czech Republic and Poland and the partner countries
Brazil, Latvia and Liechtenstein have seen increases of 31 to 70 score points
in mean performance — equivalent to between half and one PISA proficiency
level —and in Belgium, Canada, Finland, Germany, Hungary, Korea, Portugal
and Spain increases were still between 13 and 22 score points. For the
remaining countries, the differences cannot be considered statistically
significant when both measurement and assessment linkage errors are taken

into account.’

As with the mathematics/space and shape scale, some of the observed
changes have not necessarily involved an even rise or fall of performance
across the ability range (Figures 2.9c and 2.9d). The large improvements
in Poland have been driven by improved performance at the lower end of
the performance distribution (i.e., 5", 10" and 25" percentiles). As a result,
Poland succeeded in significantly raising the average performance of 15-
year-olds in the mathematics/change and relationships scale and narrowing
the overall performance gap between the lower and higher achievers over
this period. A similar picture, though less pronounced, is also evident in the
Czech Republic and Hungary as well as in the partner countries Latvia and
Liechtenstein. Also Greece and Switzerland as well as in the partner country
the Russian Federation have seen notable improvements at the lower end of the
distribution, but these were not sufficient to lead to a statistically significant

improvement in mean performance.

In contrast, in Canada, Finland, Germany, Italy, Korea, Portugal and Sweden,
improvements in performance have mainly been driven by improved
performance in the top part of the performance distribution, as shown in the

increase in scores at the 75", 90" and 95" percentiles, while less has changed at
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Figure 2.9c m Comparisons between PISA 2003 and PISA 2000 on

the mathematics/change and relationships scale

Significance 2003 higher 2003 lower  No statistically
levels than 2000 than 2000  significant difference
90 % confidence level + - o

95 % confidence level ++ __

99 % confidence level +++ -

Differences observed in the mean and percentiles

5th 10th 25th Mean 75th 90th 95th

OECD countries
Australia [¢) [¢) 0] o o o) o
Austria O O O O @) @) @)
Belgium +++ + + +++ F++ F++ +
Canada ++ ++ ++ e+ +++ +++ +++
Czech Republic +++ +++ +++ +++ +++ ++ +
Denmark ++ + o ) le) 0] o
Finland o + o ++ +++ +++ +++
France e} e} o e} @) @) (0]
Germany ++ + ++ o+ e+ e+ +++
Greece +++ ++ e} e} o) - -
Hungary +++ +++ +++ ++ o) o) 1)
Iceland o) o) o) o) o) o) o)
Ireland [¢) [¢) [¢) o o) + o
Italy e} e} e} e} 0] ++ +++
Japan e} e} e} e} @) @) (¢)
Korea o o o +++ +++ e+ +++
Mexico e} e} e} e} @) @) o)
New Zealand o o (e} o le) le) o)
Norway @) @) O O e} e} o}
Poland +++ +++ +++ +++ o o o
Portugal + + + +++ +++ ++ +++
Spain + + ++ ++ + o o
Sweden 0] [¢) o) o) o T+ 4+
Switzerland +++ +++ ++ + o o o
United States o o fe) o) o 1o o

OECD total (@) (@) (@) (@) O O (@)

OECD average AR AR + AFar ++ ++ ++
Partner countries
Brazil +++ +++ +++ +++ F+ F+ +++
Hong Kong-China e} - e} o o o) o
Indonesia - . — o o F4+ St
Latvia +++ +++ +++ +++ + o) o)
Liechtenstein ++ ++ +++ +++ le) [e) o)
Russian Federation +++ +++ ++ o e} - -
Thailand - . - - o T4t t+

Source: OECD PISA 2003 and PISA 2000 databases, Tables 2.2¢ and 2.2d.

the lower end of the distribution. In some of these countries, disparities among
students have grown. In the 2000 assessment, for example, Korea showed the
smallest variation in student performance in mathematics. By contrast, in the
2003 assessment variation is now at the OECD average level (Figure 2.9c,
Figure 2.9d, Table 2.2c and Table 2.2d).
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Figure 2.94 W Differences in mean scores between PISA 2003 and PISA 2000
on the mathematics/change and relationships scale
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Countries are ranked in ascending order of the difference between PISA 2003 and PISA 2000 performances.
Source: OECD PISA 2003 and PISA 2000 databases, Tables 2.2c and 2.2d.

Student performance on the mathematics/quantity scale

A quarter of the mathematical tasks given to students in PISA related to numeric
phenomena and quantitative relationships and patterns. Figures 2. 10a-b show
tasks at Levels 1-4 in this category:

Four per cent of students ~ The precise competencies required to reach each level are explained in
in the OECD area can  Figure 2.11. Slightly fewer students than for the previous two scales, at 4
perform the hardest  per cent in the combined OECD area, can perform at Level 6 tasks. Slightly
quantity tasks...  more, at 74 per cent, can perform at Level 2 (Table 2.3a). However, in Greece,

Italy, Mexico, Portugal, Turkey and the United States, as well as in the partner

countries Brazil, Indonesia, the Russian Federation, Serbia, Thailand, Tunisia

and Uruguay, a quarter or more of students fail to reach this Level 2 threshold

(Figure 2.12a).

74' © OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003



Figure 2103 m A sample of mathematics items used in PISA for the quantity scale:
Unit EXCHANGE RATE

EXCHANGE RATE

Mei-Ling from Singapore was preparing to go to South Africa for 3 months as an exchange student.
She needed to change some Singapore dollars (SGD) into South African rand (ZAR).

QUESTION 11
During these 3 months the exchange rate had changed from 4.2 to 4.0 ZAR per SGD.

Was it in Mei-Ling’s favour that the exchange rate now was 4.0 ZAR instead of 4.2 ZAR, when she changed her South African
rand back to Singapore dollars? Give an explanation to support your answer.

Level

668.7

Score 1 (586)

Answers which indicate ‘Yes’, with adequate explanation.

This open-constructed response item is situated in a public context and has a difficulty of 586 score points. As far as the mathematics content is
concerned students need to app]y procedum] know]edge invo]ving number operations: multiplication and division, which a]ong with the quantitative
context, places the item in the quantity area. The competencies needed to solve the problem are not trivial: students need to reﬁect on the concept

606.6

of exchange rate and its consequences in this particular situation. The mathematisation required is of a rather high level although all the required
itjormation is exp]icitly presented: not only is the idemjﬁmtion qf the relevant mathematics somewhat complex, but also the reduction to a problem
within the mathematical world places significant demands on the student. The competency needed to solve this problem can be described as using flexible
reasoning and reflection. The thinking and reasoning competency, the argumentation competency in combination with the problem-solving competency
all include an element of reflectiveness on the part of the student about the process needed to solve the problem. Explaining the results requires some
communication skills as well. Thergfare the item is cIaSS]ﬁed as belonging to the ref]ection cluster. The combination gf familiar context, complex situation,
non-routine problem, the need fur reasoning and insight and a communication demand places the item in Level 4.

QUESTION 10

On returning to Singapore after 3 months, Mei-Ling had
3 900 ZAR Ieft. She changed this back to Singapore dollars, noting that the exchange rate had changed to:
1 SGD = 4.0 ZAR

How much money in Singapore dollars did Mei-Ling get?

Score 1 (439)

482.4

Answers which indicate 975 SGD (unit not required).

This short-constructed response item is situated in a public context. It has a difficulty of 439 score points. The mathematics content is
restricted to a basic operation: division. This places the item in the quantity area, and more Specjﬁcally: operations with numbers. Regarding
the competencies required, a limited form of mathematisation is needed: understanding a simple text, in which all the required information

is explicitly presented. But students also need to recognise that division is the right procedure to go with, which makes it less trivial than
Exchange Rate Question 1, and shows the most basicform afthe thinking and reasoning competency. Thus the competency needed to solve this
problem can be described as performance of a routine procedure and/or application of a standard algorithm. Therefore the item is classified as
belonging the reproduction competency cluster. The combination zszamiliar context, clearly deﬁned question, and rather routine procedure that
includes some decision-making places the item in Level 2.

QUESTION 9
Mei-Ling found out that the exchange rate between Singapore dollars and South African rand was:
1 SGD = 4.2 ZAR

Mei-Ling changed 3000 Singapore dollars into South African rand at this exchange rate.
How much money in South African rand did Mei-Ling get?

Score 1 (406)

Answers which indicate 12 600 ZAR (unit not required).

This short constructed response item is situated in a public context. It has a difficulty of 406 score points. Experience in using exchange rates may
not be common to all students, but the concept can be seen as belonging to skills and knnw]edgejbr intelligent citizenship. The mathematics content
is restricted to one @rthefour basic operations: multiplication. This places the item in the quantity area, and more :peciﬁca]])f: operations with
numbers. As far as the competencies are concerned, a very limited form of mathematisation is needed: understanding a simple text, and linking the
given information to the required calculation. All the required information is explicitly presented. Thus the competency needed to solve this problem
can be described as performance of a routine procedure and/or application of a standard algorithm. Therefore the item is classified as belonging
the reproduction competency cluster. The combination of familiar context, clearly defined question, and routine procedure places the item in Level 1.
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Figure 210b m A sample of mathematics items used in PISA for the quantity scale:
Unit SKATEBOARD

SKATEBOARD
Eric is a great skateboard fan. He visits a shop named SKATERS to check some prices.

At this shop you can buy a complete board. Or you can buy a deck, a set of 4 wheels, a set of 2 trucks and a set of

hardware, and assemble your own board.

The prices for the shop’s products are:

Product Price in zeds
Complete skateboard 82 or 84
Deck 40, 60 or 65
One set of 4 wheels 14 or 36
One set of 2 trucks 16
One set of hardware (bearings

’ 10 or 20
rubber pads, bolts and nuts) or
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SKATEBOARD
QUESTION 13

The shop offers three different decks, two different sets of wheels and two different sets of hardware. There is only one choice for a set of trucks.

How many different skateboards can Eric construct?
A. 6

B. 8

C.10

D.12

Score 1 (570)

The correct answer is option D.

This multiple-choice item is situated in the personal context and has a difficulty of 570 score points (Level 4). All the required information in this
item is explicitly presented and the mathematics involves the basic routine computation: 3 x 2 x 2 x 1. However, jfstudents do not have experience
with such combinatorial calculations, their strategy might involve a systematic listing of the possible combinations. There are well-known algorithms
for this (such as a tree diagram). The strategy to find the number of combinations can be considered as common, and routine. It involves following
and just}ﬁ'in(q standard quantitative processes, including computational processes, statements and results. Therg‘bre, the item can be classified as
belonging to the reproduction competency cluster. The computation involved fits in the quantity content area. In order to be successful the students
have to accurately apply an algorithm, after correctly interpreting text in combination with a table. This adds to the complexity (yr the situation.

QUESTION 14

Eric has 120 zeds to spend and wants to buy the most expensive skateboard he can afford.

How much money can Eric afford to spend on each of the 4 parts? Put your answer in the table below.

Part Amount (zeds)
Deck
Wheels
Trucks

Hardware

Score 1 (554)

Answers which indicate 65 zeds on a deck, 14 on wheels, 16 on trucks and 20 on hardware.

This short constructed response item is also in the personal context. and illustrates the lower part of Level 4, (554 score points) The item
fits in the quantity content area as the students are asked to compute what is the most expensive skateboard you can buy for 120 zeds.
The task, however, is not straightforward as there is no standard procedure or routine algorithm available. As far as the competencies
needed, the problem solving skill here involves a more independent approach and students may use dz’ﬂérent strategies in order toﬁnd
the solution, including trial and error. The setting of this problem can be regarded as familiar. Students have to look at the table with
prices, make combinations and do some computation. This places the item within the connections competency cluster. A strateqy that will
work with this problem is taﬁrst use all the higher values, and then adjust the answer, working the way down until the desired maximum
zzf]ZO zeds is reached. Thus, students need some reasoning skills in afami]iar context, the}/ have to connect the question with the data
given in the table, apply a non-standard strategy and carry out routine calculations.

QUESTION 12

Eric wants to assemble his own skateboard.What is the minimum price and the maximum price in this shop for self-assembled
skateboards?

(a) Minimum price: ............... zeds.
(b) Maximum price: ................ zeds.
Score 2 (496)

Answers which indicate both the minimum (80) and the maximum (137) prices.

Score 1 (464)

Answers which indicate only the minimum (80) or the maximum (137) prices.

This short constructed response item is in a personal context because skateboards tend to be part of the youth culture. The students are asked to find a

358.3

minimum and maximum price for the construction of a skateboard. The partial credit response has a difficulty of 464 score points (Level 2) - this is when

the students answer the question by giving either the minimum or the maximum, but not both. To solve the problem the students have to ﬁnd a strategy,
which is fairly simple because the strategy that seems trivial actually works: the minimum cost is based on the lower numbers and the maximum, on the

larger numbers. The remaining mathematics content is execution gf'a basic operation. The addition: 40 + 14 + 16 + 10 = 80, gives the minimum, while

the maximum isfound by adding the larger numbers: 65 + 36 + 16 + 20 = 137.The strategy, thergfore, is the reproduction gf practised knowledge in
combination with the performance of the routine addition procedure - this item belongs to the reproduction competency cluster and the quantity content
area.The fu]] credit response, when students give both the minimum and the maximum, has a dg’ﬁi’cu]ty zj‘496 score points and illustrates Level 3.

Below 1
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F iqure 211 m Summary descriptions of six levels of proficiency on the mathematics/quantity scale

General competencies
students should have
Level at each level

6 4% of all students across the OECD

Conceptualise and work with
models of complex mathematical
processes and relationships;

work with formal and symbolic
expressions; use advanced
reasoning skills to devise strategies
for solving problems and to link
multiple contexts; use sequential
calculation processes; formulate
conclusions, arguments and

precise explanations

Specific tasks students
should be able to do

area can perform tasks at Level 6 on the quantity scale

— Conceptualise complex mathematical processes such as exponential growth,
weighted average, as well as number properties and numeric relationships

— Interpret and understand complex information, and link multiple complex

information sources

— Use advanced reasoning concerning proportions, geometric representations
of quantities, combinatorics and integer number relationships

— Interpret and understand formal mathematical expressions of relationships
among numbers, including in a scientific context

— Perform sequential calculations in a complex and unfamiliar context,

including working with large numbers
— Formulate conclusions, arguments and precise explanations

— Deviseastrategy (develop heuristics) for working with complex mathematical

processes

5 13% of all students across the OECD area can perform tasks at least at Level 5 on the quantity scale

Work effectively with models of
more complex situations to solve
problems; use well-developed
reasoning skills, insight and
interpretation with different
representations; carry out
sequential processes;
communicate reasoning

and argument

—Interpret complex information about real-world situations (including
graphs, drawings and complex tables)

— Link different information sources (such as graphs, tabular data and related
text)

— Extract relevant data from a description of a complex situation and perform
calculations

— Use problem-solving skills (e.g., interpretation, devising a strategy, reasoning,
systematic counting) in real-world contexts that involve substantial

mathematisation
— Communicate reasoning and argument
— Make an estimation using daily life knowledge

— Calculate relative and/or absolute change

4 31% of all students across the OECD area can perform tasks at least at Level 4 on the quantity scale

Work effectively with simple
models of complex situations;

use reasoning skills in a variety

of contexts, interpret different
representations of the same
situation; analyse and apply
quantitative relationships; use a
variety of calculation skills to solve

problems

— Accurately apply a given numeric algorithm involving a number of steps
— Interpret complex text descriptions of a sequential process
— Relate text-based information to a graphic representation

— Perform calculations involving proportional reasoning, divisibility or
percentages in simple models of complex situations

— Perform systematic listing and counting of combinatorial outcomes
— Identify and use information from multiple sources
— Analyse and apply a simple system

— Interpret complex text to produce a simple mathematical model
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Level

General competencies
students should have
at each level

Specific tasks students
should be able to do

53% of all students across the OECD area can perform tasks at least at Level 3 on the quantity scale

Use simple problem-solving strategies
including reasoning in familiar
contexts; interpret tables to locate
information; carry out explicitly
described calculations including
sequential processes

— Interpret a text description of a sequential calculation process, and
correctly implement the process

— Use basic problem-solving processes (devise a simple strategy, look for
relationships, understand and work with given constraints, use trial and
error, simplc rcasoning)

— Perform calculations including working with large numbers, calculations
with speed and time, conversion of units (e.g., from annual rate to daily
rate)

— Interpret tabular information, locate relevant data from a table
— Conceptualise relationships involving circular motion and time

— Interpret text and diagrams describing a simple pattern

74% of all students across the OECD area can perform tasks at least at Level 2 on the quantity scale

Interpret simple tables to identify and
extract relevant information; carry
out basic arithmetic calculations;
interpret and work with simple
quantitative relationships

— Interpret a simple quantitative model (e.g., a proportional relationship)
and apply it using basic arithmetic calculations

— Interpret simple tabular data, link textual information to related tabular
data

— Identify the simple calculation required to solve a straight-forward
problem

— Perform simple calculations involving the basic arithmetic operations,
as well as ordering numbers

88% of all students across the OECD area can perform tasks at least at Level 1 on the quantity scale

Solve problems of the most basic type
in which all relevant information is
explicitly presented, the situation is
straight forward and very limited in
scope, the required computational
activity is obvious and the
mathematical task is basic, such as a
simple arithmetic operation

— Interpret a simple, explicit mathematical relationship, and apply it
directly using a calculation

— Read and interpret a simple table of numbers, total the columns and
compare the results

Figure 2.12b gives a summary of overall student performance in different
countries on the quantity scale, in terms of mean student scores as well as the

range of rank order positions within which the country mean lies with 95 per

...in which Finland and
Hong Kong-China show
the highest performance.

cent probability. Finland shows the highest mean score among OECD countries

on the mathematics/ quantity scale but the partner country Hong Kong-

China performs at a similarly high level, within the range of the first and third

position.
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F igure 2123 = Percentage of students at each level of proficiency on the mathematics/quantity scale

Below Level 1 [l Level 1 Level 2 Level 3 Level 4 M Level 5 M Level 6
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Countries are ranked in descending order of percentage of 15-year-olds in Levels 2, 3,4, 5 and 6.
Source: OECD PISA 2003 database, Table 2.3a.

In these tasks males’  Consistent with what was found in the other scales, males show an advantage
advantage is particularly  also in the quantity scale, but gender differences here tend to be even smaller
small.  than for the mathematics/space and shape and change and relationships scales

discussed above. The distributions of males and females by level are relatively

similar, with a few more males than females at the top end of the scale (Table

2.3b). Sixteen countries show differences in favour of males.” Again, Iceland is

the only country where females perform statistically above males (Table 2.3c).

Itis not possible to compare student performance in 2000 and 2003 on this scale,
since the PISA 2000 assessment did not include this content in its assessment.
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F igure 212bm Multiple comparisons of mean performance on the mathematics/quantity scale
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Range of rank*
OECD countries Upper rank 1 2 2 3 3 4 3 3 9 9 9 9 10 9 9 11 14 17 18 19 20 20 20 24 24 25 27 28 29
Lower rank 1 4 7 8 8 8 8 8 13 15 16 17 16 17 17 17 18 20 20 23 23 23 23 25 25 26 27 28 29
All countries Upper rank 1 1 2 3 3 3 4 5 6 4 5 12 12 12 12 13 12 12 14 17 20 21 22 23 23 23 27 27 27 28 30 31 32 34 35 35 37 38 38 38
Towerrank 2 3 7 10 10 10 11 11 11 11 11 16 18 19 20 19 20 20 20 21 23 23 26 26 26 26 29 30 30 31 32 33 33 34 36 36 37 40 40 40

* Because data are based on samples, it is not possible to report exact rank order positions for countries. However, it is possible to report the range of rank order positions within

which the country mean lies with 95 per cent likelihood.

Instructions:

Read across the row for a country to compare performance with
the countries listed along the top of the chart. The symbols
indicate whether the average performance of the country in the
row is lower than that of the comparison country, higher than that
of the comparison country, or if there is no statistically significant
difference between the average achievement of the two
countries.

Source: OECD PISA 2003 database.

Without the - Mean performance statistically significantly higher than in comparison country

Bonferroni

No statistically significant difference from comparison country

adjustment: - Mean performance statistically significantly lower than in comparison country

With the
Bonferroni
adjustment:

A

v

Mean performance statistically significantly higher than in comparison country
No statistically significant difference from comparison country
Mean performance statistically significantly lower than in comparison country

_ Statistically significantly above the OECD average

Not statistically significantly different from the OECD average
Statistically significantly below the OECD average
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Figure 2133 m A sample of mathematics items used in PISA for the uncertainty scale:
Unit ROBBERIES

Number of

robberies per year

ROBBERIES

ATV reporter showed this graph 520 —

and said:

“The graph shows that there is a Year 1999

huge increase in the number of 515

robberies from 1998 to 1999

510 — 606.6

Year 1998
505 — >V
QUESTION 15 I

Do you consider the reporter’s statement to be a reasonable interpretation of the graph? Give an explanation to support your

answer.

Score 2 (694)
Answers which indicate “No, not reasonable” and focus on the fact that only a small part of the graph is shown, or contain
correct arguments in terms of ratio or percentage increase, or refer to requirement of trend data before a judgement can
be made.

Score 1 (577)

Answers which indicate “No, not reasonable” but explanation lacks detail (focuses ONLY on an increase given by the exact

number of robberies, but does not compare with the total) or with correct method but with minor computational errors.

This open-constructed response item is situated in a public context. The graph as presented in the stimulus of this item actually was

derived from a real graph with a similarly misleading message as the one here. The graph seems to indicate, as the TV reporter said: “a

huge increase in the number of robberies”. The students are asked if the statement fits the data. It is very important to look through

data and graphs as they are frequently presented in the media in order to participate effectively in society. This constitutes an essential

skill in mathematical literacy. Quite often designers of graphics use their skills (or lack thereof) to let the data support a pre-determined

message, qften with a political context. This is an example. The item involves the analysis (jya graph and data interpretation, placing 420 4
it in the uncertainty area. The reasoning and interpretation competencies required, together with the communication skills needed, are

clearly belonging to the connections competency cluster. The competencies that are essential for solving this problem are understanding and

decoding of a graphical representation in a critical way, making judgments and finding appropriate argumentation based on mathematical

thinking and reasoning (although the graph seems to indicate quite a big jump in the number of robberies, the absolute number of increase

in robberies is far from dramatic; the reason for this paradox lies is the inappropriate cut in the y-axis) and proper communication of this 1
reasoning process.

A partial credit response illustrates Level 4 with a difficulty of 577 points. In this case students typically indicate that the statement is not

reasonable, but jizi] to explain their judgment in appropriate detail. This means here that the reasoning only fbcuses on an increase given by an

exact number of robberies in absolute terms, but not in relative terms. Communication is critical here, since one will always have answers that 358.3
are difficult to interpret in detail. An example:“an increase from 508 to 515 is not large”might have a different meaning from “an increase of

around 10 is not large”. Theﬁmt statement shows the actual numbers, and thus the intended meaning ofthe answer might be that the increase

is small because qf the large numbers involved, while this line qf reasoning does not apply to the second answer. In this kind qf response, students

Below 1

use and communicate argumentation based on interpretation qfdam; ther@fbre it illustrates Level 4.

A full credit response illustrates Level 6 with a difficulty score of 694 score points. In the case of full credit the students indicate that the
statement is not reasonable, and explain their judgment in appropriate detail. This means here that the reasoning not unl)/jbcuses on

an increase given by an exact number of robberies in absolute terms, but also in relative terms. The question requires students to use and
communicate argumentation based on interpretation (j'dam, using some proportional reasoning in a statistical context, and in a not-too-
_familiar situation. Therefore it illustrates Level 6.
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Figure 213b m A sample of mathematics items used in PISA for the uncertainty scale:
Unit TEST SCORES

TEST SCORES

The diagram shows the results on a science test for two groups, labelled as Group A

and Group B.
The mean scorefor Group A is 62.0 and the meanfor Group B is 64.5. Students pass

this test when their score is 50 or above.

Scores on a science test

Number (f students
6
[op— W Group A
Group B
i
3
N T I

AT TR R

0-9 10-19  20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100 Score

QUESTION 16
Looking at the diagram, the teacher claims that Group B did better than Group A in this test.

The students in Group A don’t agree with their teacher. They try to convince the teacher that Group B may not necessarily
have done better.

Give one mathematical argument, using the graph that the students in Group A could use.

Score 1 (620)
Answers which present a valid argument. Valid arguments could relate to the number of students passing, the
disproportionate influence of the outlier, or the number of students with scores in the highest level.

This open-constructed response item is situated in an educational context. It has a difficulty of 620 score points. The educational
context of this item is one that all students are familiar with: comparing test scores. In this case a science test has been administered
to two groups of students: A and B. The results are given to the students in two different ways: in words with some data embedded and
by means of two graphs in one grid. The problem is to find arguments that support the statement that Group A actually did better
than Group B, given the counter-argument of one teacher that Group B did better — on the grounds of the higher mean for Group
B. It will be clear that the item falls into the content area of uncertainty. Knowledge of this area of mathematics is essential in the
ityrormation society, as data and graphical representations play a major role in the media and in other aspects (y‘-our daily experience.
The connections cluster, in which this item is c]as:g'ﬁed, includes competencies that not only build on those requiredfor the reproduction
cluster (like encoding and interpretation of simple graphical representations) but also require reasoning and insight in a particular
mathematical argument. Actually the students have a choice of at least three arguments here. The first one is that more students in
Group A pass the test; a second one is the distorting effect of the outlier in the results of Group A; and finally Group A has more
students that scored 80 or over. Another important competency needed is explaining matters that include relationships. From this it
_follows that the item belongs to the connections cluster. Students who are successful have applied statistical knowledge in a problem
situation that is somewhat structured and where the mathematical representation is partially apparent. They also need reasoning and
insight to interpret and analyse the given iry‘brmation, and they must communicate their reasons and arguments. Therg‘bre the item
clearly illustrates Level 5.

358.3

Below 1
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Figure 213c m A sample of mathematics items used in PISA for the uncertainty scale:

Unit EXPORTS
EXPORTS Total annual exports Distribution of exports
from Zedland in from Zedland in 2000
The graphics show millions of zeds, 1996-2000
information about
45 426 _
exports from Zedland, Cotton fabric Other 21%

40 26%
a country that uses

35
zeds as its currency.

30
Wool 5% Meat 14%

37.9
27.1
25.4
25
20.4 Tobacco 7%
20
Fruit juice 9%
15
10
(0]

1996 1997 1998 1999 2000 Year

Tea 5%
Rice 13%

Ut

QUESTION 18
What was the value of fruit juice exported from Zedland in 2000?

A. 1.8 million zeds.
B. 2.3 million zeds.
C. 2.4 million zeds.
D. 3.4 million zeds.
E. 3.8 million zeds.

Score 1 (565)

The correct answer is E. 3.8 million zeds.

This multiple-choice item is situated in a public context. It has a difficulty of 565 score points. The data-handling processes involved with this
item place it in the uncertainty area. The mathematical content consists qfreading dataﬁrom two graphs: a bar chart and a pie chart, comparing
the characteristics @rthe two graphics, and combining datafrom the two graphs in order to be able to carry out a basic number operation resulting
in a numerical answer. Students need to combine the information of the two graphics in a relevant way. The mathematisation process needed here
has distinct phases: decoding the different standard representations by looking at the total of annual exports of 2000 (42.6 million zeds) and at
the percentage of this total coming from fruit juice exports (9%). It is this activity and the process of connecting these numbers by an appropriate
numerical operation (9% of 42.6) that places this item in the connections competency cluster. It is the more complex concrete situation, containing
two related graphical representations, the insight needed to connect and combine them and the application qfthe appropriate basic mathematical
routine in the relevant way that makes this item fit into Level 4.

QUESTION 17
What was the total value (in millions of zeds) of exports from Zedland in 19982

Answer:

Score 1 (427)

Answers which indicate 27.1 million zeds or 27 100 000 zeds or 27.1 (unit not required). Rounding to 27 also accepted.

This closed-constructed response item is situated in a public context. It has a difficulty of 427 score points. The knowledge society relies heavily

on data, and data are often represented in graphics. The media use graphics often to illustrate news articles and make points more convincingly.

Reading and understanding this kind of information therefore is an essential component of mathematical literacy. The mathematical content is
restricted to reading datafram a bar graph or pie chart. Exploratory data analysis is the area quathematics to which this item belongs, and
therefore fits the content area uncertainty. The representation competency is needed to solve this problem: decoding and interpreting a familiar,
practised standard representation of a well known mathematical object — following the written instructions, deciding which of the two graphs
is relevant and locating the correct information in that graph. This is a routine procedure and therefore the item belongs to the reproduction
competency cluster. This item illustrates interpreting and recognising situations in contexts that require no more than direct ity‘krence, which is

a key feature of Level 2.
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Student performance on the mathematics/uncertainty scale

A quarter of the mathematical tasks given to students in PISA related to
probabilistic and statistical phenomena and relationships. Figures 2.13a-c shows
examples of tasks in Levels 2, 4, 5 and 6 in this category.

Four per cent of students
in the OECD area can
pe{fbrm the hardest

uncertainty tasks. ..

The particular competencies required toreach eachlevel are given in Figure 2.14.

Only 4 per cent of students in the combined OECD area — but 13 per cent in

the partner country Hong Kong—China — can perform Level 6 tasks. Thirty-one

per cent of the combined student population in the OECD perform at least at

Level 4, but this figure is more than 50 per cent in Finland, the Netherlands and

the partner country Hong Kong-China (Table 2.4a).

Figure 214 m Summary descriptions of six levels of proficiency on the mathematics/uncertainty scale

Level

General competencies
students should have
at each level

4% of all students across the OECD

Use high-level thinking and
reasoning skills in statistical or
probabilistic contexts to create
mathematical representations of
real-world situations; use insight
and reflection to solve problems,
and to formulate and communicate
arguments and explanations

Specific tasks students
should be able to do

area can perform tasks at Level 6 on the uncertainty scale

— Interpret and reflect on real-world situations using probability knowledge
and carry out resulting calculations using proportional reasoning, large
numbers and rounding

— Show insight into probability in a practical context

— Use interpretation, logical reasoning and insight at a high level in an
unfamiliar probabilistic situation

— Use rigorous argumentation based on insightful interpretation of data

— Employ complex reasoning using statistical concepts

— Show understanding of basic ideas of sampling and carry out calculations
with weighted averages, or using insightful systematic counting strategies

— Communicate complex arguments and explanations

13% of all students across the OECD area can perform tasks at least at Level 5 on the uncertainty scale

Apply probabilistic and statistical
knowledge in problem situations
that are somewhat structured
and where the mathematical
representation is partially
apparent. Use reasoning and
insight to interpret and analyse
given information, to develop
appropriate models and to
perform sequential calculation
processes; communicate reasons
and arguments

— Interpret and reflect on the outcomes of an unfamiliar probabilistic
experiment

— Interpret text using technical language and translate to an appropriate
probability calculation

— Identify and extract relevant information, and interpret and link information
from multiple sources (e.g., from text, multiple tables, graphs)

— Use reflection and insight into standard probabilistic situations

— Apply probability concepts to analyse a non-familiar phenomenon or
situation

— Use proportional reasoning and reasoning with statistical concepts

— Use multistep reasoning based on data

— Carry out complex modelling involving the application of probability
knowledge and statistical concepts (e.g., randomness, sample, independ-
ence)

— Use calculations including addition, proportions, multiplication of large
numbers, rounding, to solve problems in non-trivial statistical contexts

— Carry out a sequence of related calculations

— Carry out and communicate probabilistic reasoning and argument
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General competencies
students should have
Level at each level

Specific tasks students
should be able to do

4 31% of all students across the OECD area can perform tasks at least at Level 4 on the uncertainty scale

Use basic statistical and
probabilistic concepts combined
with numerical reasoning in less
familiar contexts to solve simple
problems; carry out multi-

step or sequential calculation
processes; use and communicate
argumentation based on
interpretation of data

—Interpret text, including in an unfamiliar (scientific) but straight-
forward context

— Show insight into aspects of data from tables and graphs
— Translate text description into appropriate probability calculation

—Identify and select data from various statistical graphs and carry out
basic calculation

—Show understanding of basic statistical concepts and definitions
(probability, expected value, randomness, average)

— Use knowledge of basic probability to solve problems

— Construct a basic mathematical explanation of a verbal real-world
quantitative concept (“huge increase”)

— Use mathematical argumentation based on data
— Use numerical reasoning

— Carry out multi-step calculations involving the basic arithmetic
operations, and working with percentage

— Draw information from a table and communicate a simple argument
based on that information

Interpret statistical information and
data, and link different information
sources; basic reasoning with simple
probability concepts, symbols and
conventions and communication of
reasoning

— Interpret tabular information
— Interpret and read from non-standard graphs

— Use reasoning to identify probability outcomes in the context of a
complex but well-defined and familiar probability experiment

— Insight into aspects of data presentation, e.g., number sense; link related
information from two different tables; link data to suitable chart type

— Communicate common-sense reasoning

2 75% of all students across the OECD area can perform tasks at least at Level 2 on the uncertainty scale

Locate statistical information
presented in familiar graphical form;
understand basic statistical concepts
and conventions

— Identify relevant information in a simple and familiar graph
— Link text to a related graph, in a common and familiar form
— Understand and explain simple statistical calculations (e.g., the average)

— Read values directly from a familiar data display, such as a bar graph

1 90% of all students across the OECD area can perform tasks at least at Level 1 on the uncertainty scale

Understand and use basic
probabilistic ideas in familiar
experimental contexts

— Understand basic probability concepts in the context of a simple and
familiar experiment (e.g., involving dice or coins)

— Systematic listing and counting of combinatorial outcomes in a limited
and well-defined game situation
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Seventy-five per cent of OECD students can at least function at the baseline
Level 2. However, a quarter or more of students fail to reach this threshold in
Greece, Italy, Mexico, Portugal, the Slovak Republic and Turkey as well as in
the partner countries Brazil, Indonesia, Latvia, the Russian Federation, Serbia,
Thailand, Tunisia and Uruguay (Figure 2.15a and Table 2.4a).

Figure 2.15b gives a summary of overall student performance in different
countries on the uncertainty scale. Performance is presented in terms of mean
student scores as well as, with 95 per cent probability, the range of rank order
positions within which the country mean lies. Hong Kong-China and the
Netherlands show the strongest performance on the mathematics/uncertainty
scale, and can be found between the first and second, and first and third rank

order positions, respectively, among all participating countries.

...and again a quarter
are capable only of the

simplest tasks.

In uncertainty tasks,
Hong Kong-China and
the Netherlands are

strongest overall.

F igure 2153 m Percentage of students at each level of proficiency on

the mathematics/uncertainty scale

Below Level 1 M Level 1 Level 2 Level 3 Level 4 M Level 5 M Level 6
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Countries are ranked in descending order of percentage of 15-year-olds in Levels 2, 3,4, 5 and 6.
Source: OECD PISA 2003 database, Table 2.4a.
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Fig ure 2.15b m Multiple comparisons of mean performance on the mathematics/uncertainty scale
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Range of rank*
OECD countries Upper ranl 1 1 2 2 4 4 5 6 6 10 10 10 10 11 14 15 16 16 16 17 17 18 18 24 24 25 26 28 29
Lower ranl 2 3 4 5 8 8 9 9 9 13 14 14 14 15 16 18 23 22 23 22 23 23 23 25 26 27 27 28 29
All countries Upper rank 1 1 2 3 4 5 5 6 6 7 8 8 12 12 12 13 14 17 18 19 19 19 20 20 21 21 27 27 27 29 30 32 32 33 34 35 37 37 38 40
Towerrank 2 3 4 5 7 10 11 10 12 11 12 14 16 17 17 17 18 19 21 26 25 26 25 26 26 26 29 29 30 31 31 33 34 35 36 36 38 39 39 40

* Because data are based on samples, it is not possible to report exact rank order positions for countries. However, it is possible to report the range of rank order positions within

which the country mean lies with 95 per cent likelihood.

Instructions:

Read across the row for a country to compare performance with
the countries listed along the top of the chart. The symbols
indicate whether the average performance of the country in the
row is lower than that of the comparison country, higher than that
of the comparison country, or if there is no statistically significant
difference between the average achievement of the two
countries.

Source: OECD PISA 2003 database.

© OECD 2004  Learning for Tomorrow’s World — First Results from PISA 2003

Without the - Mean performance statistically significantly higher than in comparison country
Bor}fe{ram’ No statistically significant difference from comparison country
adjustment: - Mean performance statistically significantly lower than in comparison country

With the A | Mean performance statistically significantly higher than in comparison country
Bonferroni ° No statistically significant difference from comparison country
adjustment: |V | Mean performance statistically significantly lower than in comparison country

_ Statistically significantly above the OECD average
_ Not statistically significantly different from the OECD average
Statistically significantly below the OECD average



Consistent with what was found in the other scales, males also show an
advantage in the uncertainty scale, particularly at the top end of the distribution
(Tables 2.4b and 2.4c). Males outperformed females in 23 OECD countries and
six partner countries but differences tend to be small,”” with an advantage of
11 score points for the combined OECD area. Only in Iceland and the partner
country Indonesia did females again outperform males.

It is not possible to compare student performance in 2000 and 2003 on
this scale, since the PISA 2000 assessment did not covered this area in its

assessment.

OVERALL PERFORMANCE IN MATHEMATICS

The relative strengths and weaknesses of countries in different areas
of mathematical content

Comparing performance results in the different content areas of mathematics
allows an assessment of the relative strengths and weaknesses of countries.
It is not appropriate to compare numerical scale scores directly between the
different content areas of mathematics. Nevertheless, it is possible to determine
the relative strengths of countries in the different content areas of mathematics
on the basis of their relative rank-order positions on the respective scales
(Annex A2; Figure A2.1)."” The values in parenthesis represent mean scores for
the space and shape, change and relationships, and the quantity and uncertainty

scales, respectively.

* Student performance on the space and shape scale stands out in Japan (553, 536,
527,528) where it is stronger than on the other three scales, and in Canada (518,
537,528, 542) and Ireland (476, 506, 502, 517) where the relative standing of

these countries is weaker than in the other scales.

* Student performance on the change and relationships scale stands out in France
(508, 520, 507, 506) while students in the partner countries Hong Kong-
China (558, 540, 545, 558) and Macao-China (528, 519, 533, 532) show a
lower relative standing on this scale.

* On the quantity scale, students in Finland (539, 543, 549, 545) show their
strongest performance, while students in New Zealand (525, 526, 511, 532)
show their weakest performance on this scale.

* On the uncertainty scale, students perform more strongly than on other
scales in Greece (437, 436, 446, 458), Iceland (504, 509, 513, 528), Ire-
land (476, 506, 502, 517), New Zealand (525, 526, 511, 532) and Norway
(483, 488, 494, 513). They show a lower relative standing on this scale in
Belgium (530, 535, 530, 526), the Czech Republic (527, 515, 528, 500),
Germany (500, 507, 514, 493), the Slovak Republic (505, 494, 513, 476)
and Switzerland (540, 523, 533, 517) as well as in the partner countries
Liechtenstein (538, 540, 534, 523) and the Russian Federation (474, 477,
472, 436).
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all but the basic skills

at Level I...

The relative standing of some countries, most notably Greece, Italy, Korea, Mexico,
Portugal, Spain and Turkey, is very similar across the four mathematics content areas.
By contrast, in Austria, Canada, the Czech Republic, France, Germany, Ireland,
Japan, New Zealand, Norway, the Slovak Republic and Switzerland, performance
differences among the scales are particularly large and may warrant attention
in curriculum development and implementation. For example, among OECD
countries, the Slovak Republic ranks around fourteenth (twelfth to seventeenth)
and thirteenth (ninth to seventeenth) for the space and shape and quantity scales,
but around twenty-fourth (twenty-fourth to twenty-fifth) in the uncertainty scale.
Similarly, the Czech Republic ranks around seventh (fifth to ninth) on the space
and shape scale and around fifth (third to eighth) on the quantity scale but around
sixteenth (fifteenth to eighteenth) on the uncertainty scale. New Zealand ranks
around sixth (fourth to eighth) and seventh (fifth to ninth) on the uncertainty
and space and shape scales, but around sixteenth (eleventh to seventeenth) on
the quantity scale. Switzerland ranks third (third to fourth) and fourth (second
to seventh) on the space and shape and quantity scales only twelfth (tenth to
fourteenth) on the uncertainty scale.

For some countries — most notably Japan — the relative standing in the content
areas that were also assessed in 2000 remained broadly similar while performance
was lower on the quantity and uncertainty scales that were newly introduced in
2003. While it would thus be wrong to conclude that mathematics performance
in these countries has declined, the results do suggest that the introduction of
new content areas in the assessment — quantity and uncertainty (essentially
because these are valued and considered important by member countries in the
OECD) — sheds a slightly different light on the overall performance of these
countries in 2003,

A summary picture of mathematics performance

While the relative performance of countries in the four content areas
of mathematics is of importance for policy makers as it provides insight
into potential strengths and weaknesses of the intended curricula and the
effectiveness with which these are delivered, it is also possible to construct a
combined performance scale covering performance across the four content
areas. Results from this comparison are presented in Figure 2.16a, which shows
the percentage of students performing against the international benchmarks
defined by the PISA proficiency levels.

The results show that about a third of students in OECD countries perform at the
top three levels of the mathematics scale (Table 2.5a), but that this figure varies
widely in both OECD and the partner countries: half or more of 15-year-olds
perform at least at Level 4 in Finland and Korea as well as in the partner country
Hong Kong-China. However, only 3 per cent perform at Level 4 in Mexico, with
an even lower percentage in the partner countries Indonesia and Tunisia. In most
OECD countries, at least three quarters of students perform at or above Level 2.
Nevertheless, in Italy, Portugal and the United States over a quarter of students
are unable to complete tasks at Level 2. In Greece over a third of students fail
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Figuke 2163 m Percentage of students at each level of proficiency on
the mathematics scale
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to attain Level 2, and in Mexico and Turkey the majority of students do not
achieve this level. These students fail to demonstrate consistently that they have
baseline mathematical skills, such as the capacity to use direct inference to
recognise the mathematical elements of a situation, use a single representation
to help explore and understand a situation, use basic algorithms, formulae and
procedures, and the capacity to make literal interpretations and apply direct
reasoning (Table 2.5a).

Figure 2.16b gives a summary of overall student performance in different countries  ...and these can be

on the mathematics scale, presented in terms of the mean student score. As  combined to compare
discussed in Box 2.1, when interpreting mean performance, only those differences  overall mathematics
between countries that are statistically significant should be taken into account. The  performance in countries.
figure therefore shows those pairs of countries where the difference in their mean
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Figure 216b m Multiple comparisons of mean performance on the mathematics scale
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Range of rank*
OECD countrics Upper rank 1 1 1 2 4 4 4 7 7 9 10 10 11 12 13 14 15 16 18 19 19 19 22 22 25 25 27 28 29
Lower rank 3 4 5 7 7 8 9 9 10 14 13 14 15 16 18 18 18 21 21 21 23 23 24 24 26 26 27 28 29
All countrics Upper rank 1 1 1 2 2 3 5 5 6 6 9 9 12 13 13 14 15 16 17 17 19 21 22 22 22 25 25 25 29 29 29 32 32 33 34 34 37 38 38 38
Towerrank 3 4 5 7 9 10 9 10 12 12 12 13 17 16 17 18 19 20 21 21 24 24 24 26 27 28 28 28 31 31 31 33 34 36 36 36 37 40 40 40

* Because data are based on samples, it is not possible to report exact rank order positions for countries. However, it is possible to report the range of rank order positions within

which the country mean lies with 95 per cent likelihood.

Instructions:

Without the - Mean performance statistically significantly higher than in comparison country

Read across the row for a country to compare Performance with Bor}fe{ram’ No statistically significant difference from comparison country

the countries listed along the top of the chart. The Symbols adjustment: - Mean performance statistically significantly lower than in comparison country

indicate whether the average performance of the country in the

r(;v&is lower tha.n that of the Coilglt};lariso.n Cou.ntr.y, higllller -tha:?‘ that With the A Mean performance statistically significantly higher than in comparison country
ol the comparison country, or cre 15 no statistically significant Bonferroni ® | No statistically significant difference from comparison country
difference * between  the average achievement of the two adjustment: v Mean performance statistically significantly lower than in comparison country
countries.

_ Statistically significantly above the OECD average

_ Not statistically significantly different from the OECD average
Source: OECD PISA 2003 database. Statistically significantly below the OECD average
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scores is sufficient to say with confidence that the higher performance by sampled
students in one country holds for the entire population of enrolled 15-year-olds.
A country’s performance relative to that of the countries listed along the top of
the figure can be seen by reading across each row. The colour-coding indicates
whether the average performance of the country in the row is either lower than
that of the comparison country, not statistically different, or higher. When making
multiple comparisons, e.g. when comparing the performance of one country
with that of all other countries, an even more cautious approach is required, and
only those comparisons that are indicated by the upward or downward pointing
symbols should be considered statistically significant for the purpose of multiple
comparisons. Figure 2.16b also shows which countries perform above, at or below
the OECD average.

For the reasons explained in Box 2.1, it is also not possible to determine the
exact rank order position of countries in the international comparisons. However,
Figure 2.16b shows, with 95 per cent probability, the range of rank order positions
within which the country mean lies, both for the group of OECD countries and
for all countries that participated in PISA 2003.

Mean performance scores are typically used to assess the quality of schools and
education systems. However, it has been noted above that mean performance does
not provide a full picture of student performance and can mask significant variation
within an individual class, school or education system.The performance variation
among schools is examined more closely in Chapter 4. To capture variation
between education systems and regions within countries, some countries have
also undertaken the PISA assessment at sub-national levels. Where such results are
available, these are presented in Annex B2. For some countries, such sub-national
differences are very large. For example, mean scores on the mathematics scale for
the Flemish community in Belgium are higher than those in the best-performing
OECD countries, Finland and Korea. In contrast, the results from the French
community are at the OECD average level.

Figure 2.17 sheds further light on the performance distribution within countries.
This analysis needs to be distinguished from the examination of the distribution
of student performance across the PISA proficiency levels discussed above.
Whereas the distribution of students across proficiency levels indicates the
proportion of students in each country that can demonstrate a specified level
of knowledge and skills, and thus compares countries on the basis of absolute
benchmarks of student performance, the analysis below focuses on the relative
distribution of scores, i.e., the gap that exists between students with the highest
and the lowest levels of performance within each country. This is an important
indicator of the equality of educational outcomes in mathematics.

The gradation bars in the figure show the range of performance in each country
between the 5" percentile (the point below which the lowest-performing 5 per
cent of the students in a country score) and the 95" percentile (the point below
which 95 per cent of students perform or, alternatively, above which the 5 per

cent highest-performing students in a country score). The density of the bar
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Figure 2.17 W Distribution of student performance on the mathematics scale

| Gradation bars extend from the Sth to the 95th percentiles
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Source: OECD PISA 2003 database, Table 2.5c.

represents the proportion of students performing at the corresponding scale
points. The solid, horizontal black line near the middle shows the mean score for
each country (i.e., the subject of the discussion in the preceding section) and is
located inside a shaded box that shows its confidence interval. The figure shows
that there is wide variation in overall student performance on the mathematics
scale within countries. The middle 90 per cent of the population shown by the
length of the bars exceeds by far the range between the mean scores of the
highest and lowest performing countries. In almost all OECD countries, this
group includes some students proficient at Level 5 and others not proficient
above Level 1. In the majority of countries, the range of performance among the
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middle half of the students exceeds the magnitude of two proficiency levels, and
in Belgium and Germany it is around 2.4 proficiency levels. This suggests that
educational programmes, schools or teachers need to cope with a wide range of
student knowledge and skills.

In addition, Table 2.5c identifies the 25" and 75" percentiles, i.c., the scale
points that mark the bottom and top quarters of performers in each country.
To what extent are differences in student performance a reflection of a natural
distribution of ability and, therefore, difficult to influence through changes in
public policy? It is not easy to answer such a question with data from PISA alone,
not least because differences between countries are influenced by the social and
economic context in which education and learning take place. Nonetheless,
several findings suggest that public policy can play a role:

* First, the amount of within-country variation in performance in mathematics
varies widely between OECD countries. For instance, the difference between
the 75" and 25" percentiles ranges from less than 120 score points on the
mathematics scale in Canada, Finland, Ireland and Mexico to more than 140
score points in Belgium and Germany. In Belgium, this difference can be
explained, at least partially, by the difference in performance between the

Flemish and French communities (Annex B2).

Second, countries with similar levels of average performance show a consid-
erable variation in disparity of student performance. For example, Germany
and Ireland both score near the OECD average but, while Ireland shows one
of the narrowest distributions, the difference between the 75" and 25" per-
centiles in Germany is among the widest. Similarly, towards the lower end of
the scale, Italy and Portugal show similar levels of average performance, but
Portugal shows much less performance variation than Italy. And among the
top performing countries, Finland displays much less performance variation
than Korea or the Netherlands.

Third, it is evident from a comparison between the range of performance
within a country and its average performance that wide disparities in per-
formance are not a necessary condition for a country to attain a high level of
overall performance. As an illustration, Canada, Denmark, Finland, Iceland
and Korea all have above-average performance but below-average differences
between the 75" and 25" percentiles (Table 2.5c).

Gender differences in mathematics

Previous sections have examined how performance differs among males and
females in the different mathematical content areas. This section draws this
information together.

Policy-makers have given considerable priority to issues of gender equality,
with particular attention being paid to the disadvantages faced by females.
Undeniably, significant progress has been achieved in reducing the gender gap in
formal educational qualifications. Younger women today are far more likely to
have completed a tertiary qualification than women 30 years ago: in 18 of the

29 OECD countries with comparable data, more than twice as many women
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aged 25 to 34 have completed tertiary education than women aged 55 to 64
years. Furthermore, university-level graduation rates for women now equal
or exceed those for men in 21 of the 27 OECD countries for which data are
comparable (OECD, 2004a).

...yet males continue to . However, in mathematics and computer science, gender differences in tertiary
do better at the tertiary  qualifications remain persistently high: the proportion of women among
level in mathematics and  university graduates in mathematics and computer science is only 30 per cent,
associated disciplines...  on average, among OECD countries. In Austria, Belgium, Germany, Hungary,
Iceland, the Netherlands, Norway, the Slovak Republic and Switzerland this

share is only between 9 and 25 per cent (OECD, 2004a).

...suggesting that schools Much therefore remains to be done to close the gender gap in mathematics
still have work to doin  and related fields in tertiary education and evidence suggests that action in this
nurturing performance  area needs to be targeted at youth and, indeed, children (Box 2.3). At age 15,

and interest among  many students are approaching major transitions from education to work, or
females.  to further education. Their performance at school, and their motivation and
attitudes towards mathematics, can have a significant influence on their further

educational and occupational pathways. These, in turn, can have an impact

not only on individual career and salary prospects, but also on the broader

effectiveness with which human capital is developed and utilised in OECD

economies and societies.

Box2.3 m Changes in gender differences in mathematics and science performance between lower

and upper levels of educational systems

In 1994-95, the IEA Third International Mathematics and Science Study (TIMSS) revealed
statistically significant gender differences in mathematics among fourth-grade students in only
three out of the 16 participating OECD countries (Japan, Korea and the Netherlands). In all
cases the gender gap favoured males. However, the same study showed statistically significant
gender differences in mathematics at the grade-eight level in six of the same 16 OECD
countries, all in favour of males. And finally, in the last year of upper secondary schooling,
gender differences in mathematics literacy performance in the TIMSS assessment were large
and statistically significant in all participating OECD countries, except Hungary and the United
States (again, all in favour of males). A similar and even more pronounced picture emerged in
science (Beaton et al., 1996; Mullis et al., 1998).

Although the groups of students assessed at the different grade levels were not made up of the
same individuals, the results suggest that gender differences in mathematics and science become
more pronounced and pervasive in many OECD countries at higher grade levels.

Despite this general tendency, TIMSS also showed that some countries were managing to contain

the growth in gender disparities at higher grade levels (OECD, 1996; OECD, 1997).
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In this regard, it is striking how closely the broader gender patterns in later career
and occupational choices are already mirrored in the mathematics performance
of 15-year-old males and females as observed by PISA. And as shown in Chapter
3, gender differences are even more pronounced in the attitudes and approaches
towards mathematics shown by 15-year-old males and females. Gender patterns
in mathematics performance are fairly consistent across OECD countries
(Figure 2.18). Overall, the gender differences appear to be largest in the

mathematics/space and shape scale, where performance differences between

males and females are visible for all OECD countries except Finland, Norway,

PISA confirms that by age
15, gender differences are
visible in most countries,
with males performing
better, particularly at

the high end of the

performance distribution.

Figure 2.18 m Gender differences in student performance in mathematics

Dlﬁ%rences in PISA scale scores
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Note: Gender differences that are statistically significant are marked in darker colour (see Annex A4).

Source: OECD PISA 2003 database, Tables 2.5¢, 2.1¢, 2.2¢, 2.3c and 2.4c.
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While, overall, the gender
gap tends to be small,

...much larger differences
are observed within

individual schools. . .

the Netherlands and Japan. Gender differences are similarly important in the
mathematics/uncertainty scale, where performance differences are visible for
24 out of the 30 OECD countries. Finally, gender differences tend to be larger
at the top end of the performance distribution.

Iceland is the only OECD country where females consistently perform better
than males do. In Australia, Austria, Belgium, Japan, the Netherlands, Norway
and Poland, as well as in the partner countries Hong Kong-China, Indonesia,
Latvia, Serbia, and Thailand gender differences on the overall mathematics scale
are not statistically significant. For the other countries with visible differences,
the advantage of males varies widely. In Canada, Denmark, Greece, Ireland,
Korea, Luxembourg, New Zealand, Portugal and the Slovak Republic and in the
partner countries Liechtenstein, Macao-China and Tunisia, males outperform
females in all four content areas, in some of these cases by notable amounts. In
contrast, in Austria, Belgium, the United States and the partner country Latvia
males outperform females only on the mathematics/space and shape scale, and
in Japan, the Netherlands and Norway only on the mathematics/uncertainty
scale (Table 2.5¢c). The percentages of males and females at the lower end of
the scale are not consistent across countries. For example, in Iceland, 7 per
cent more males than females perform at or below Level 1 while in Greece
and Turkey 6 per cent more females than males perform at or below Level 1.
On the top end of the scale, in virtually all countries more males than females
perform at Level 6 and in the case of Japan and partner country Liechtenstein,
this difference is 5 and 7 per cent respectively (Table 2.5b).

Nevertheless, as noted in previous sections, gender differences tend to be small,
and are certainly much smaller than the gender differences that were observed
by PISA 2000 in the area of reading literacy.”

One issue, however, that needs to be taken into account when interpreting the
observed gender differences is that males and females, in many countries at
least, make different choices in terms of the schools, tracks and educational
programmes they attend. Table 2.5d compares the observed gender difference
for all students (column 1) with estimates of gender differences observed within
schools (column 2) and estimates of gender differences once various programme
and school characteristics have been accounted for. In most countries, the gender
differences are larger within schools than they are overall. In Belgium, Germany
and Hungary, for example, males have an overall advantage of 8, 9 and 8 score
points, respectively, on the mathematics scale, but the average gap increases
to 26, 31 and 26 points within schools. In these countries, this is a reflection
of the fact that females attend the higher performing, academically oriented
tracks and schools at a higher rate than males. If the programme and school
characteristics measured by PISA are taken into account,” then the estimated
gender differences increase even further in many countries (column 3). This
leads to an underestimation of the gender differences that are observed within
schools. In other words, in these countries more females attend schools and
tracks with higher average performance but, within these schools and tracks,

they tend to perform lower than males.
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From a policy perspective —and for teachers in classrooms — gender differences
in mathematics performance, therefore, warrant continued attention. This is the
case even if the advantage of males over females within schools and programmes
is overshadowed to some extent by the tendency of females to attend higher
performing school programmes and tracks.

The significant advantage of males in many countries on at least some of the
areas of mathematical content may also be the result of the broader societal and
cultural context or of educational policies and practices. Whatever the cause,
they suggest that countries are having differing success at eliminating gender

gaps, and that males typically remain better at mathematics.

At the same time, some countries do appear to provide a learning environment
that benefits both genders equally, either as a direct result of educational efforts
or because of a more favourable societal context or both. The wide variation
in gender gaps among countries suggests that the current differences are not
the inevitable outcomes of differences between young males and females and
that effective policies and practices can overcome what were long taken to be
inevitable outcomes of differences between males and females in interests,
learning styles and, even, in underlying capacities.

THE SOCIO-ECONOMIC CONTEXT OF COUNTRY
PERFORMANCE

In as much as it is important to take socio-economic background into account
when comparing the performance of any group of students, a comparison of
the outcomes of education systems needs to account for countries’ economic
circumstances and the resources that countries can devote to education. This is
done in the following analysis by adjusting the mathematics scale for various social
and economic variables at the country level. At the same time such adjustments
are always hypothetical and therefore need to be examined with caution. In a
global society, the future economic and social prospects of both individuals and
countries remains dependent on the results they actually achieve, not on the
performance that might result if they were to operate under average social and

economic conditions.

The relative prosperity of some countries allows them to spend more on
education, while other countries find themselves constrained by a relatively lower
national income. Figure 2.19 displays the relationship between national income
as measured by the gross domestic product (GDP) per capita and the average
mathematics performance of students in the PISA assessment in each country.
The GDP values represent GDP per capita in 2002 at current prices, adjusted
for differences in purchasing power between OECD countries (Table 2.6). The
figure also shows a trend line that summarises the relationship between GDP
per capita and mean student performance in mathematics. It should be borne
in mind, however, that the number of countries involved in this comparison
is small and that the trend line is therefore strongly affected by the particular

characteristics of the countries included in this comparison.

...with clear implications

for teachers. . .

...and perhapsfor

society more generally.

Such diﬁ%rcnces are not
inevitable: some countries

avoid them.

One can also adjust
country performance

to account fOI‘

socio-economic differences.

The case for doing

so is confirmed by a
correlation between
national income and
mathematics performance,

accounting for roughly

a fifth qfcountr)'
differences.
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Figure 2.19 B Student performance and national income
Relationship between performance in mathematics and GDP per capita, in US dollars,

converted using purchasing power parities (PPPs)
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Source: OECD PISA 2003 database, Table 2.6.

There are countries
that do better or worse
than predicted by their

national income.

The scatter plot suggests that countries with higher national income tend to
perform better in mathematics. In fact, the relationship suggests that 28 per
cent of the variation between countries’ mean scores can be predicted on the
basis of their GDP per capita.™

Countries close to the trend line are where the predictor GDP per capita suggests
that they would be. Examples include Austria, Denmark, Germany, Hungary and
Sweden. For instance, Sweden outperforms Hungary in mathematics to an extent
that one would predict from the difference in their GDP per capita, as shown
in Figure 2.19. However, the fact that countries deviate from the trend line also
suggests that the relationship is not deterministic and linear. Countries above the
trend line have higher average scores on the PISA mathematics assessment than
would be predicted on the basis of their GDP per capita (and on the basis of the
specific set of countries used for the estimation of the relationship). Countries
below the trend line show lower performance than would be predicted from
their GDP per capita.

Obviously, the existence of a correlation does not necessarily mean that there
is a causal relationship between the two variables; there are, indeed, likely to be
many other factors involved. Figure 2.19 does suggest, however, that countries
with higher national income are at a relative advantage. This should be taken into
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account, in particular, in the interpretation of the performance of countries with
comparatively low levels of national income. For some countries, an adjustment
for GDP per capita makes a substantial difference to their relative standing
internationally. For example, following such an adjustment, Hungary and Poland
would move around ten rank order positions upwards on the mathematics scale
(490 to 514 and 490 to 521 score points respectively), and the Czech Republic
(516 to 536 score points), Portugal (466 to 479 score points) and New Zealand
(523 to 528 score points) still by between two and seven positions. Conversely,
Austria (506 to 493 score points), Denmark (514 to 500 score points), Norway
(495 to 463 score points) and Switzerland (527 to 510 score points) would move
between four and six rank positions downwards, given that their performance
falls well below what their national levels of income predict.

One can further extend the range of contextual variables to be considered further.
Given the close interrelationship established in Chapter 4 between student
performance and parental levels of educational attainment, an obvious contextual
consideration concerns differences in levels of adult educational attainment among
the OECD countries. Table 2.6 shows the percentage of the population in the
age group 35-44 years that have attained upper secondary and tertiary levels of
education. This age group roughly corresponds to the age group of parents of the
15-year-olds assessed in PISA that have attained the upper secondary and tertiary
levels of education. If these variables are included in the adjustment in addition
to GDP per capita, Poland and Portugal would move upwards by around 16 rank
positions (490 to 526 and 466 to 521 score points respectively). Both Poland and
Portugal would thus be included in the group of the 10 countries with the highest
performance relative to their GDP per capita and levels of adult educational
attainment. Conversely, Canada (532 to 510 score points), Denmark (514 to 496
score points), Finland (544 to 525 score points), Germany (503 to 484 score
points), Japan (534 to 506 score points), Norway (495 to 459 score points) and
Sweden (509 to 487 score points) would move downwards by between 5 and 9
positions, given that their GDP per capita and levels of adult educational attainment
would predict far higher levels of student performance than they actually attain.
Although combining adult attainment with GDP results in a closer relationship
with student performance than when GDP is considered alone, the relationship
remains far from deterministic and linear as the model underlying the adjustment
assumes. The results therefore need to be interpreted with caution.

While GDP per capita reflects the potential resources available for education
in each country, it does not directly measure the financial resources actually
invested in education. Figure 2.20 compares countries’ actual spending per
student, on average, from the beginning of primary education up to the age of 15,
with average student performance across the three assessment areas. Spending
per student is approximated by multiplying public and private expenditure
on educational institutions per student in 2002 at each level of education by
the theoretical duration of education at the respective level, up to the age of
15.7 The results are expressed in United States dollars (USD) using purchasing
power parities (OECD, 2004a).
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Figure 2.20 ® Student performance and spending per student

Relationship between performance in mathematics and cummulative expenditure on educational institutions per student

between the ages of 6 and 15 years, in US dollars, converted using purchasing power parities (PPPs)
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Source: OECD PISA 2003 database, Table 2.6.

...which shows a positive

relationship between
spending per student
and mean mathematics

performance. .o

...but also that high
spending levels do
not guarantee high

pegformance.

Figure 2.20 shows a positive relationship between spending per student and mean
mathematics performance (see also Table 2.6). As expenditure per student on
educational institutions increases, so also does a country’s mean performance.
However, expenditure per student explains merely 15 per cent of the variation

in mean performance between countries.

Deviations from the trend line suggest that moderate spending per student
cannot automatically be equated with poor performance by education systems.
Spending per student between the ages of six and 15 years in the Czech Republic
is roughly one-third of, and in Korea roughly one-half of, spending levels in the
United States, but while both the Czech Republic and Korea are among the top
ten performers in PISA, the United States performs below the OECD average.
Similarly, Spain and the United States perform almost equally well, but while
the United States spends roughly USD 80 000 per student between the ages
of six and 15 years, in Spain this figure is merely USD 47 000. Countries that
perform significantly higher than would be expected from their spending per
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student alone include Australia, Belgium, Canada, the Czech Republic, Finland,
Japan, Korea and the Netherlands. Countries that perform significantly below
the level of performance predicted from spending per student include Greece,
Italy, Mexico, Norway, Portugal, Spain and the United States. In summary, the
results suggest that, while spending on educational institutions is a necessary
prerequisite for the provision of high-quality education, spending alone is not
sufficient to achieve high levels of outcomes.

IMPLICATIONS FOR POLICY

For much of the past century, the content of school mathematics curricula
was dominated by the need to provide the foundations for the professional
training of a small number of mathematicians, scientists and engineers. With the
growing role of science, mathematics and technology in modern life, however,
the objectives of personal fulfilment, employment and full participation in
society increasingly require that all adults, not just those aspiring to a scientific
career, should be mathematically, scientifically and technologically literate. The
performance of a country’s best students in mathematics and related subjects
may have implications for the role that the country will play in tomorrow’s
advanced technology sector, and for its overall international competitiveness.
Conversely, deficiencies among lower-performing students in mathematics
can have negative consequences for individuals’ labour-market and earnings

prospects and for their capacity to participate fully in society.

Not surprisingly, policy-makers and educators alike attach great importance
to mathematics education. Addressing the increasing demand for mathematical
skills requires excellence throughout education systems, and it is therefore
essential to monitor how well countries provide young adults with fundamental
skills in this area.

The wide disparities in student performance in mathematics within most
countries, evident from the analysis in this chapter, suggest that excellence
throughout education systems remains still a remote goal and that countries
need to serve a wide range of student abilities, including those who perform
exceptionally well and also those most in need. At the same time, the analysis
has shown that wide disparities in performance are not a necessary condition
for a country to attain a high level of overall performance. Indeed, some of the
best-performing countries have achieved their results while displaying a modest
gap between their stronger and weaker performers.

Performance does not only vary widely among students, but in many countries it
also varies between different areas of mathematical content. Such variation may
be related to differences in curricular emphases as well as to the effectiveness
with which curricula are delivered in different content areas. While countries
need to make curricular choices based on their national context and priorities,
examining these choices in the light of what other countries consider important
can provide a broader frame of reference for national educational policy

development.

Mathematics plays a
central role for the
success of individuals and

societies ...

.. .50 most countries attach
great importance to securing
high performance standards in
mathematics throughout their

education system. . .

.. .but some continue to
see wide differences in the
performance

of their students.

Relative strengths and
weaknesses in various
areas quathcmatics
may lead countries to
re-examine curricular

pri orities.
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Gender differences

are visible in most
countries, with males
performing better,
particularly at the high
end of the performance

distribution. . .

...and, while overall gender

differences are often small, the

gender gaps which teachers
face in classrooms are often

considerable.

Differences in the overall
performance of countries
do matter, and cannot
be explained only by
spending.

Underperformance
matters greatly for
individuals, especially
where they fail to
complete secondary
education, reducing their

job prospects. ..

This chapter has shown differences between the performance of males and
females in many countries, with the advantage for males being largest in the
mathematics/space and shape and the uncertainty scales. Much remains to be
done to close the gender gap in mathematics and related fields and evidence
suggests that action in this area needs to be targeted at youth and, indeed,
children. Their performance at school, and their motivation and attitudes
in different subject areas, can have a significant influence on their further
educational and occupational pathways. These, in turn, may have an impact
not only on individual career and salary prospects, but also on the broader
effectiveness with which human capital is developed and utilised in OECD
economies and societies. However, the wide variation in gender gaps among
countries suggests that the current differences are not the inevitable outcomes
of education and that effective policies and practices can overcome what were
long taken to be the fixed outcomes of differences in interests, learning styles
and even underlying capacities between males and females.

In most countries, the gender differences are larger within schools than they
are overall, reflecting that females tend to attend the higher performing,
academically oriented tracks and schools at a higher rate than males but, within
these, often perform significantly below males. From a policy perspective —and
for teachers in classrooms — gender differences in mathematics performance,

therefore, warrant continued attention.

Finally, although the variation in student performance within countries is
many times larger than the variation between countries, significant differences
between countries in the average performance of students should not be
overlooked. Particularly in subject areas such as mathematics and science, these
differences may raise questions about some countries’ future competitiveness.
Not all of the variation in the performance of countries in mathematics can
be explained by spending on education. Although the analyses have revealed a
positive association between the two, they also suggest that while spending on
educational institutions is a necessary prerequisite for the provision of high-
quality education, spending alone is not sufficient to achieve high levels of
outcomes. Other factors, including the effectiveness with which resources are

invested, also play a crucial role.

Does mathematics performance on the PISA assessment matter for the future?
It is difficult to assess to what extent performance and success in school is
predictive of future success. However, what OECD data show is that individuals
who have not completed an upper secondary qualification — still roughly one in
five on average across OECD countries, despite significant progress over the last
generation — face significantly poorer labour-market prospects. For example,
labour force participation rates rise steeply with educational attainment in most
OECD countries (OECD, 2004a). With very few exceptions, the participation
rate for graduates of tertiary education is markedly higher than that for upper
secondary graduates which, in turn, is markedly higher than that for individuals
without an upper secondary qualification. The gap in male participation rates

is particularly wide between upper secondary graduates, and those without an
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upper secondary qualification and the labour force participation rate for women
with less than upper secondary attainment is particularly low.

Similarly, education and earnings are positively linked, with upper secondary
education representing a threshold in many countries beyond which additional
education attracts a particularly high premium (OECD, 2004a). In all countries,
graduates of tertiary-level education earn substantially more than upper
secondary graduates. It is possible to contrast, on the one hand, the advantages
of education for individuals in terms of higher average earnings, lower risks of
unemployment and the public subsidies they receive during their studies with,
on the other hand, the costs that individuals incur when studying, in terms of the
tuition fees they need to pay, earnings lost during their studies or higher tax rates
later in life. The annual rate of return on the investment that individuals incur
when completing a tertiary degree is higher than real interest rates, and often
significantly so, ranging for males from around 7% in Italy and Japan to 17% in
the United Kingdom. Even when public investment in education is included,
there is still a positive and significant social return to tertiary education in all
countries with comparable data.

In addition, international comparisons show a pivotal role that education plays in
fostering labour productivity, and by implication economic growth — not just as
an input linking aggregate output to the stock of productive inputs, but also as a
factor strongly associated with the rate of technological progress. The estimated
long-run effect on economic output of one additional year of education in the
combined OECD area is in the order of between 3 and 6 per cent (OECD,
2004a). Finally, the importance of mathematics for citizenship in the modern
world should not be overlooked.

Obviously, learning does not end with compulsory education and modern
societies provide various opportunities for individuals to upgrade their
knowledge and skills throughout their lives. However, at least when it comes
to job-related continuing education and training, on average across OECD
countries, about three times as many training hours are invested in employees
with a tertiary qualification, as in employees without an upper secondary
qualification (OECD, 2000a and 2000b). Thus, initial education combines with
other influences to make job-related training beyond school least likely for those
who need it most.

This underlines why a solid foundation of knowledge and skills at school is
fundamental for the future success of individuals and societies and the importance
of providing opportunities for adults who need to improve their basic levels of
literacy in reading, mathematics and science in order to be able to engage in
relevant learning throughout their lives. It is in that sense that the results from

PISA give rise to concern in many countries.

...and also their
earnings prospects, which
tend to be strongly
affected by whether

they obtain upper
secondary and tertiary

qua]iﬁcations. ..

...while for society as
a whole, education can
boost productivit}' and

strengthen citizenship.

Fifteen-year-olds have
many chances ahead
of them, but those who
do well early on are
more likely to continue

learning. ..

...s0 poor performance at
age 15 causesjustﬁable

concern.
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9.

10.

11.

Notes

See Box 2.2 for an explanation.

In mathematics, the improvement is statistically significant at the 95 per cent confidence level only for one of the two scales

with comparable data.

In Mexico, the net enrolment rate of 15-year-olds increased from 51.6 per cent in the 1999-2000 school year to 56.1 per
cent in the 2002-03 school year (Source: OECD education database).

Further technical details on the methods used to estimate student ability and item difficulty, and to form the scale, are
provided in the PISA 2003 Technical Report (OECD, forthcoming).

To be more precise, students were placed at a point on the scale at which they had a 62 per cent chance of answering
a question correctly. This is not an arbitrary number: its derivation is related to the definition of proficiency levels, as

explained later in this section.

Technically, the mean score for student performance in mathematics across OECD countries was set at 500 score points
and the standard deviation at 100 score points, with the data weighted so that each OECD country contributed equally.
Note that this anchoring of the scale was implemented for the combination of the four scales. The average mean score and
standard deviation of the individual mathematics scales can therefore differ from 500 and 100 score points.

Results for the combined OECD area are represented in the tables by the OECD total. The OECD total takes the OECD
countries as a single entity, to which each country contributes in proportion to the number of 15-year-olds enrolled in its
schools. It illustrates how a country compares with the OECD area as a whole. By contrast, the OECD average, that is also
referred to in this report, is the mean of the data values for all OECD countries for which data are available or can be estimated.
The OECD average can be used to see how a country compares on a given indicator with a typical OECD country. The OECD
average does not take into account the absolute size of the student population in each country, i.e., each country contributes
equally to the average. In this publication, the OECD total is generally used when references to the stock of human capital in the

OECD area are made. Where the focus is on comparing performance across education systems, the OECD average is used.

For the country Serbia and Montenegro, data for Montenegro are not available. The latter accounts for 7.9 per cent of the
national population. The name “Serbia” is used as a shorthand for the Serbian part of Serbia and Montenegro.

Although the probability that a particular difference will falsely be declared to be statistically significant is low (5 per
cent) in cach single comparison, the probability of making such an error increases when several comparisons are made
simultancously. It is possible to make an adjustment for this which reduces to 5 per cent the maximum probability that
differences will be falsely declared as statistically significant at least once among all the comparisons that are made. Such an
adjustment, based on the Bonferroni method, has been incorporated into the multiple comparison charts in this volume,
as indicated by the arrow symbols.

Column 1 in Table A1.2 estimates the score point difference that is associated with one school year. This difference can be
estimated for the 26 OECD countries in which a sizeable number of 15-year-olds in the PISA samples were enrolled in at least
two different grades. Since 15-year-olds cannot be assumed to be distributed at random across the grade levels, adjustments had
to be made for contextual factors that may relate to the assignment of students to the different grade levels. These adjustments
are documented in columns 2 to 7 of the table. While it is possible to estimate the typical performance difference among
students in two adjacent grades net of the effects of selection and contextual factors, this difference cannot automatically
be equated with the progress that students have made over the last school year but should be interpreted as a lower bound
of the progress achieved. This is not only because different students were assessed but also because the contents of the PISA
assessment was not expressly designed to match what students had learned in the preceding school year but was designed more
broadly to assess the cumulative outcome of learning in school up to age 15. For example, if the curriculum of the grades in
which 15-year-olds are enrolled mainly in covers other material than that assessed by PISA (which, in turn, may have been
included in earlier school years) then the observed performance difference will underestimate student progress. Accurate

measures of student progress can only be obtained through a longitudinal assessment design that focuses on content.

When measured in terms of effect sizes (for an explanation of the concept and its interpretation see Box 3.3), these are greater
than 0.2 only in Canada, Ireland, Luxembourg, Korea, the Slovak Republic, Spain and Switzerland as well as in the partner
countries Liechtenstein, Uruguay and Macao-China. In all countries except Liechtenstein the effect sizes remain below 0.3.
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15.
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18.

19.

20.

21.

22.

See Annex A8 for an explanation of the methods employed to establish the link between the PISA 2000 and 2003

assessments.

Luxembourg also shows a significant performance difference. However, the results are not comparable because of changes
in assessment conditions. In PISA 2000, students in Luxembourg were given one assessment booklet, with the languages
chosen by the students one week prior to the assessment. In practice, however, familiarity with the language of assessment
became an important barrier for a significant proportion of students in PISA 2000. In 2003, students were each given
one assessment booklet in both languages of instruction and could choose their preferred language immediately prior to
the assessment. This provided for assessment conditions that are better comparable with those in countries that have only
one language of instruction and results in a fairer assessment of the true performance of students in mathematics, science,
reading and problem-solving. As a result of this change in procedures, the assessment conditions and hence the assessment
results for Luxembourg cannot be compared between 2000 and 2003. Results for 2000 have therefore been excluded for
Luxembourg from this report.

In the United States, large standard errors in 2000 may account at least in part for the fact that the United States score is
not statistically significantly different between 2000 and 2003.

When measured in terms of effect sizes (for an explanation of the concept and its interpretation see Box 3.3), these are
greater than 0.2 only in Denmark, Italy and Korea as well as the partner countries Liechtenstein and Macao-China. In all
countries the effect sizes remain below 0.3.

Also, Luxembourg shows a large performance difference between the 2000 and 2003 results, but —as explained previously
— this may be largely due to the modified assessment conditions that allowed students to choose their preferred language
from among the two official languages of instruction.

When measured in terms of effect sizes (for an explanation of the concept and its interpretation see Box 3.3), these are greater
than 0.2 only in Greece, Korea and the partner country Liechtenstein. In all countries the effect sizes remain below 0.3.

When measured in terms of effect sizes (for an explanation of the concept and its interpretation see Box 3.3), these are
greater than 0.2 only in Denmark, Greece, Korea, Italy, Luxembourg, Switzerland, and the partner countries Liechtenstein
and Macao-China. In all countries the effect sizes remain below 0.3.

The relative probability of a country assuming each rank-order position on each scale is determined from the country mean
scores, their standard errors and the covariance between the performance scales of the two assessment areas. From this
it can be concluded whether, with a probability of 95 per cent, a country would rank statistically significantly higher, not
statistically differently, or statistically significantly lower on one scale than on the other scale. For details on the methods

employed see the PISA 2003 Technical Report (OECD, forthcoming).

When measured in terms of effect sizes (for an explanation of the concept and its interpretation see Box 3.3), gender
differences on the mathematics scale are greater than 0.2 only in Greece, Korea and the partner countries Liechtenstein
and Macao-China. In all countries the effect sizes remain below 0.3.

A list of the school factors and an explanation of the model used is given in Chapter 5.

For the 30 OECD countries included in this comparison, the correlation between mean student performance in mathematics

and GDP per capita is 0.43. The explained variation is obtained as the square of the correlation.

. Cumulative expenditure for a given country is approximated as follows: let n(0), n(1) and n(2) be the typical number of

years spent by a student from the age of six up to the age of 15 years in primary, lower secondary and upper secondary
education. Let E(0), E(1) and E(2) be the annual expenditure per student in US dollars converted using purchasing power
parities in primary, lower secondary and upper secondary education, respectively. The cumulative expenditure is then
calculated by multiplying current annual expenditure E by the typical duration of study n for each level of education i using
the following formula:

2
CE = n(i)* E(i)

i=0
Estimates for n(i) are based on the International Standard Classification of Education (ISCED) (OECD, 1997).
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Schools need to maintain
and develop children’s
positive disposition to

learning. ..

... help students acquire
the skills to manage their

own learning. ..

...foster students’ interest
in and positive attitudes
towards the subjects they

learn. ..

...and strengthen student
engagement with school

more generally.

To shed light on this,
PISA assessed student

approaches to ]earning. ..

...and this chapter gives

a profile of ...

INTRODUCTION

Most children come to school ready and willing to learn. How can schools
foster and strengthen this predisposition and ensure that young adults leave
school with the motivation and capacity to continue learning throughout life?
Without the development of these attitudes and skills, individuals will not be
well prepared to acquire the new knowledge and skills necessary for successful
adaptation to changing circumstances.

In school, teachers manage much of students’ learning. However, learning is
enhanced if students can manage it themselves; moreover, once they leave school,
people have to manage most of their own learning, To do this, they need to be able
to establish goals, to persevere, to monitor their learning progress, to adjust their
learning strategies as necessary and to overcome difficulties in learning. Students
who leave school with the autonomy to set their own learning goals and with a sense
that they can reach those goals are better equipped to learn throughout their lives.

A genuine interest in school subjects is important as well. Students with an
interest in a subject like mathematics are likely to be more motivated to manage
their own learning and develop the requisite skills to become effective learners
of that subject. Hence, interest in mathematics is relevant when considering the
development of effective learning strategies for mathematics. In contrast, anxiety
about learning mathematics can act as a barrier to effective learning. Students
who feel anxious about their ability to cope in mathematics learning situations

may avoid them and thus lose important career and life opportunities.

Finally, the majority of students’ learning time is spent in school and as such
the climate of the school is important for the creation of effective learning
environments. If a student feels alienated and disengaged from the learning
contexts in school, his or her potential to master fundamental skills and concepts
and develop effective learning skills is likely to be reduced.

A comprehensive assessment of how well a country is performing in education
must therefore look at these cognitive, affective and attitudinal aspects in addition
to academic performance. To this end, PISA 2003 establishes a broader profile of
what students are like as learners at age 15, one that includes students’ learning
strategies and some of the non-cognitive outcomes of schooling that are important
for lifelong learning: their motivation, their engagement and their beliefs about
their own capacities. Since the focus of PISA 2003 was on mathematics, most of

these issues were analysed in the context of mathematics as well.

This chapter reports and analyses these results. It secks to provide a better
understanding of how various aspects of students’ attitudes to learning and their
learning behaviour relate to each other and to student performance, it observes
how these relationships differ across countries, and it explores the distribution of
relevant characteristics among students, schools and countries. After summarising
existing evidence and explaining how students’ characteristics as learners are

measured and reported in 2003, the chapter analyses in turn:
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* Students’ engagement with mathematics and school. This is related both to their
own interest and enjoyment and to external incentives. Subject motivation is
often regarded as the driving force behind learning, but the analysis extends
the picture to students’ more general attitudes towards school including stu-
dents’ sense of belonging at school.

* Students’ beliefs about themselves. This includes students’ views about their own
competence and learning characteristics in mathematics, as well as attitudinal
aspects, which have both been shown to have a considerable impact on the way
they set goals, the strategies they use and their performance.

= Students’ anxiety in mathematics, which is common among students in many

countries and is known to affect performance.

* Students’ learning strategies. This considers what strategies students use during
learning. Also of interest is how these strategies relate to motivational factors and
students’ self-related beliefs as well as to students’ performance in mathematics.

The chapter places considerable emphasis on comparing approaches to learning
for males and females. Although Chapter 2 has shown gender differences in
student performance in mathematics to be moderate, this chapter shows that
there are marked differences between males and females in their interest in and
enjoyment of mathematics, their self-related beliefs, as well as their emotions
and learning strategies related to mathematics. An important reason why these
additional dimensions warrant policy attention is that research shows them to
influence decisions about enrolment in school tracks or study programmes and
courses where mathematics is an important subject. These decisions may, in

turn, shape students’ post-secondary education and career choices.

When interpreting the analyses reported in this chapter, three caveats need
to be borne in mind. First, constructs such as interest in and enjoyment of
mathematics and the use of particular types of learning strategies are based on
students’ self-reports, and not on direct measures. To measure directly whether
students actually adopt certain approaches to learning, one would need to
examine their actions in specific situations. This requires in-depth interview
and observation methods of a type that cannot be applied in a large-scale
survey like PISA (Artelt, 2000; Boekaerts, 1999; Lehtinen, 1992). While PISA
collects information on the extent to which students generally adopt various
learning strategies that have been shown to be important for successful learning
outcomes, such necessary preconditions for successful learning do not guarantee
that a student will actually regulate his or her learning on specific occasions.
However, by looking at such characteristics and at students’ views on how they
see themselves, one can obtain a good indication of whether a student is likely to
regulate his or her own learning, and this is the approach taken by PISA. At the
centre of this approach is the hypothesis that students who approach learning
with confidence, with strong motivation and with a range of learning strategies
at their disposal are more likely to be successful learners. This hypothesis has

been borne out by the research referred to in Box 3.1.
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...that cultural
(Izﬁerences make cross-
country comparison

of some of the learner
characteristics difficult. ..

...though not impossible. . .

...and that, while
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raise questions Qf
causality, these remain

difficult to answer.

Second, students across countries may vary with respect to how they perceive
and respond to the questionnaire items on which the constructs are based.
This is quite understandable since the survey asks students to make subjective
assessments about things such as how hard they work, while at the same time
students perceive their attitudes and behaviour within a frame of reference
shaped by their school and culture. It cannot be taken for granted, for
example, that a student who says that he or she works hard has characteristics
comparable to a student in another country who says the same: cultural
factors can influence profoundly the way in which such responses are given.
This is emphasised by research showing that self-reported characteristics are
vulnerable to problems of comparability across cultures (e.g., Heine et al.,
1999; van de Vijver and Leung, 1997; Bempechat, et al., 2002) and has been
confirmed by analyses of students’ responses in PISA. Analyses of PISA 2000
data (OECD, 2003b) as well as PISA 2003 data have shown that for some of
the student characteristics measured in PISA, most notably their self-beliefs
and their sense of belonging at school, valid cross-country comparisons
can be made. In these cases, similar relationships between self-reported
characteristics and student performance within and across countries indicate
that the characteristics being measured are comparable across countries.
In contrast, for other measures — most notably interest in mathematics,
instrumental motivation, the use of elaboration and control strategies — cross-
country comparisons are more difficult to make.

Nevertheless, even where cross-country comparisons of student reports are
problematic, it is often still possible to compare the distribution of a particular
characteristic among students within different countries. Thus, for example,
while the average level of instrumental motivation in two countries may not
be comparable in absolute terms, the way in which student scores on a scale of
instrumental motivation are distributed around each country’s average can be
compared in building up country profiles of approaches to learning. Differences
among subgroups within countries as well as structural relationships between
students’ approaches to learning and their performance on the combined PISA
mathematics test will therefore be the main focus of the results presented here.

Third, while analyses of associations raise questions of causality, these remain
difficult to answer. It may be, for example, that good performance and
attitudes towards learning are mutually reinforcing. Alternatively, it could be
that students with higher natural ability both perform well and use particular
learning strategies. Other factors, such as home background or differences in the
schooling environment, may also play a part. However, research has identified
some measurable learning characteristics of students that are associated with
the tendency to regulate learning, as well as with better performance. Research
has also shown that learning is more likely to be effective where a student
plays a proactive role in the learning process — for example drawing on strong
motivation and clear goals to select an appropriate learning strategy.' These are

the basis for this chapter.
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Existing evidence on student approaches to learning and
how it frames PISAS approach

Evidence from earlier research has played an important role in the construction
of the PISA measures on learner characteristics, both in terms of establishing
which aspects of students’ learning approaches are important and in terms of
developing accurate measures of those approaches.

Researchoneffective studentapproachestolearninghasfocused onunderstanding
what it is for a student to regulate his or her own learning. This focus derives
both from the direct evidence (Box 3.1) that such regulation yields benefits in
terms of improved student performance and also from the assumption (albeit
not presently backed by strong research) that lifelong learning is reliant on self-
regulation. The latter view is increasingly important in analysis of educational
outcomes. For example, a large conceptual study on Defining and Selecting
Competencies, carried out by the Swiss Federal Statistical Office in collaboration
with the OECD, identified three key categories of the broader outcomes of
schooling. One of these, personal skills, was defined in terms of “the ability to
act autonomously” (Rychen and Salganik, 2002).”

Although there have been varying definitions of self-regulated learning, it is
generally understood to involve students being motivated to learn, selecting
appropriate learning goals to guide the learning process using appropriate
knowledge and skills to direct learning and consciously selecting learning

strategies appropriate to the task at hand.

Box 3.1 m Students who regulate their learning perform better

There is a broad literature on the effects of self-regulated learning on
scholastic achievement. Students who are able to regulate their learning
effectively are more likely to achieve specific learning goals. Empirical
evidence for such positive effects of regulating one’s learning and using
learning strategies stems from:

* Experimental research (e.g., Willoughby and Wood, 1994);

* Research on training (e.g., Lehtinen, 1992; Rosenshine and Meister,
1994); and

* Systematic observation of students while they are learning (e.g., Artelt,
2000) including studies that ask students to think aloud about their
own awareness and regulation of learning processes (e.g., Veenman and

van Hout-Wolters, 2002).
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...as well as the
interaction between what
students know and can do

and their dispositions.

PISA considered student
characteristics that make
positive approaches to
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...based on reasonably

reliable self-reports.

Research demonstrates the importance of a combination of such factors
in a particular learning episode (e.g., Boekaerts, 1999). Students must
be able to draw simultancously on a range of resources. Some of these
resources are concerned with knowledge about how to process information
(cognitive resources) and awareness of different available learning strategies
(metacognitive resources). Learners may be aware of appropriate learning
strategies, but not put them into use (Flavell and Wellman, 1977). Therefore,
students also need motivational resources that contribute to their readiness, for
example, to define their own goals, interpret success and failure appropriately,
and translate wishes into intentions and plans (Weinert, 1994).

Self-regulated learning thus depends on the interaction between what students
know and can do on the one hand, and on their motivation and dispositions on
the other. PISA’s investigation of student approaches to learning is therefore
based on a model combining these two broad elements. They interact strongly
with each other. For example, students’ motivation to learn has a profound
impact on their choice of learning strategies because, as shown below, some
strategies require a considerable degree of time and effort to implement
(Hatano, 1998).

Studies investigating how students actually regulate learning and use appropriate
strategies have found particularly strong associations between approaches to
learning and performance. Less direct but easier to measure, students’ attitudes
and behaviours associated with self-regulated learning — such as their motivation
and tendency to use certain strategies — are also associated with performance,
albeit generally less strongly.

Measuring whether students are likely to adopt effective approaches
to learning

Following the principle described above — that certain characteristics make
it more likely that students will approach learning in beneficial ways — PISA
examined a number of such characteristics and asked students several questions
about each of them in the context of mathematics. These categories came under
the four broad elements of motivation, self-related beliefs, emotional factors
and learning strategies. Figure 3.1 sets out the characteristics being investigated,
giving a brief rationale for their selection, based on previous research, as well as
examples of exactly what students were asked. The full set of questions is shown

in Annex Al.

To what extent can one expect an accurate self-assessment by 15-year-olds of
their learning approaches? Evidence from selected countries shows that by the
age of 15, students’ knowledge about their own learning and their ability to give
valid answers to questionnaire items have developed considerably (Schneider,
1996). It can thus be assumed that the data provide a reasonable picture of
student learning approaches.
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Figure 3 .1 m Characteristics and attitudes of students as learners in mathematics

Category of characteristics
and rationale

Student characteristics used
to construct a scale to report results

A. Motivational factors and general attitudes
towards school

Motivation is often considered the driving force behind
learning, One can distinguish motives deriving from external
rewards for good performance such as praise or future
prospects and internally generated motives such as interest in
subject areas (Deci and Ryan, 1985). Students’ more general
attitudes towards school and their sense of belonging at
school were also considered both as predictors for learning
outcomes and as important outcomes of schooling in
themselves.

1. Interest in and enjoyment of mathematics. Students
were asked about their interest in mathematics as a subject
as well as their enjoyment of learning mathematics.

Interest in and enjoyment of a subject is a relatively stable
orientation that affects the intensity and continuity of
engagement in learning situations, the selection of strategies

and the depth of understanding,

2. Instrumental motivation in mathematics. Students
were asked to what extent they are encouraged to learn by
external rewards such as good job prospects. Longitudinal
studies (e.g., Wigﬁeld et al., 1998) show that such
motivation influences both study choices and performance.

3. Attitudes toward school. Students were asked to think
about what they had learned at school in relation to how
the school had prepared them for adult life, given them
confidence to make decisions, taught them things that could
be useful in their job or been a waste of time.

4. Sense of belonging at school. Students were asked to
express their perceptions about whether their school was a
place where they felt like an outsider, made friends easily,
felt like they belonged, felt awkward and out of place or
felt lonely.

B. Self-related beliefs in mathematics

Learners form views about their own competence and
learning characteristics. These have considerable impact
on the way they set goals, the strategies they use and
their achievement (Zimmerman, 1999). Two ways of
defining these beliefs are: in terms of how well students
think that they can handle even difficult tasks — self-
efficacy (Bandura, 1994); and in terms of their belief in
their own abilities — self-concept (Marsh, 1993). These
two constructs are closely associated with one another,
but nonetheless distinct.

Self-related beliefs are sometimes referred to in terms of
self-confidence, indicating that such beliefs are positive.

In both cases, confidence in oneself has important benefits
for motivation and for the way in which students approach

learning tasks.

5. Self-efficacy in mathematics. Students were asked
to what extent they believe in their own ability to handle
learning situations in mathematics effectively, overcoming
difficulties. This affects students’ willingness to take on
challenging tasks and to make an effort and persist in
tackling them. It thus has a key impact on motivation
(Bandura, 1994).

6. Self-concept in mathematics. Students were asked
about their belief in their own mathematical competence.

Belief in one’s own abilities is highly relevant to successful
learning (Marsh, 1986), as well as being a goal in its own

right.
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C. Emotional factors in mathematics

Students’ avoidance of mathematics due to emotional
stress is reported to be widespread in many countries.
Some research treats this construct as part of general
attitudes to mathematics, though it is generally considered
distinct from attitudinal variables.

7. Anxiety in mathematics. Students were asked to
what extent they feel helpless and under emotional stress
when dealing with mathematics. The effects of anxiety in
mathematics are indirect, once self-related cognitions are
taken into account (Meece et al., 1990).

D. Student learning strategies in mathematics

Learning strategies are the plans students select to achieve
their goals: the ability to do so distinguishes competent
learners who can regulate their learning (Brown et al.,

1983).

Cognitive strategies that require information processing
skills include, but are not limited to, memorisation and
elaboration. Metacognitive strategies, entailing conscious
regulation of one’s own learning, are measured in the
concept of control strategies.

8. Memorisation/rehearsal strategies. Students

were asked about their use of learning strategies for
mathematics that involve representations of knowledge
and procedures stored in memory with little or no further

processing.

9. Elaboration strategies. Students were asked about
their use of learning strategies for mathematics that
involve connecting new material to prior learning, By
exploring how knowledge learned in other contexts
relates to new material students acquire greater

understanding than through simple memorisation.

10. Control strategies. Students were asked about their
use of learning strategies for mathematics that involve
checking what one has learned and working out what
one still needs to learn, allowing learners to adapt their
learning to the task at hand. These strategies are used to
ensure that one’s learning goals are reached and are at the
heart of the approaches to learning measured by PISA.

This section examines
four aspects of student
engagement with
mathematics and school
and relates these to

pe}formance.

Intrinsic motivation
shows whether students
have interest which
encourdges them

to study hard.

STUDENTS' ENGAGEMENT WITH LEARNING IN MATHEMATICS
AND SCHOOL MORE GENERALLY

This section describes four constructs collected from students in PISA 2003 that
are related to a positive disposition to school and learning and then proceeds
to report how these variables relate to achievement. Two of the constructs are
specific to learning in mathematics (interest in and enjoyment of mathematics
or intrinsic motivation, and instrumental or external motivation), while two
relate to more general engagement with schooling (attitude towards school
and sense of belonging at school). As well as being related thematically, these
variables are related to each other empirically —i.e. there are strong associations
between them.

Interest in and enjoyment of mathematics

Motivation and engagement can be regarded as the driving forces of learning.
They can also affect students’ quality of life during their adolescence and can
influence whether they will successfully pursue further educational or labour
market opportunities. In particular, given the importance of mathematics for
students’ future lives, education systems need to ensure that students have
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Box3.2 m Interpreting the PISA indices

The measures are presented as indices that summarise student responses to a series of related ques-
tions constructed on the basis of previous research (Annex Al). The validity of comparisons across
countries was explored using structural equation modelling. In describing students in terms of each
characteristic (e.g., interest in mathematics), scales were constructed on which the average OECD
student (e.g., the student with an average level of interest) was given an index value of zero, and about
two-thirds of the OECD student population are between the values of -1 and 1 (i.e., the index has a
standard deviation of 1). Negative values on an index do not necessarily imply that students responded
negatively to the underlying questions. Rather, a student with a negative score responded less positively
than students on average across OECD countries. Likewise, a student with a positive score responded
more positively than the average in the OECD area. As each indicator is introduced below, a diagram
shows more precisely which scores are associated with particular responses.

Wherever standard deviations are reported, these refer to the standard deviation of the distribution
in the OECD area.

Box 3.3 m Comparing the magnitude of differences across countries

Sometimes it is useful to compare differences in an index between groups, such as males and
females, across countries. A problem that may occur in such instances is that the distribution of
the index varies across countries. One way to resolve this is to calculate an effect size that accounts
for differences in the distributions. An effect size measures the difference between, say, the interest
in mathematics of male and female students in a given country, relative to the average variation in
interest in mathematics scores among male and female students in the country.

An effect size also allows a comparison of differences across measures that differ in their metric. For
example, it is possible to compare effect sizes between the PISA indices and the PISA test scores.

In accordance with common practices, effect sizes less than 0.20 are considered small in this volume,
effect sizes in the order of 0.50 are considered medium, and effect sizes greater than 0.80 are
considered large. Many comparisons in this chapter consider differences only if the effect sizes are
equal to or great than 0.20, even if smaller differences are still statistically significant.

For detailed information on the construction of the indices, see Annex A1.

both the interest and the motivation to continue learning in this area beyond
school. Interest in and enjoyment of particular subjects, or intrinsic motivation,
affects both the degree and continuity of engagement in learning and the
depth of understanding reached. This effect has been shown to operate largely
independently of students’ general motivation to learn (see also the last section
of this chapter). For example, a student who is interested in mathematics
and therefore tends to study diligently may or may not show a high level of
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general learning motivation, and vice versa. Hence, an analysis of the pattern
of students’ interest in mathematics is important. Such an analysis can reveal
significant strengths and weaknesses in attempts by education systems to
promote motivation to learn in various subjects among different sub-groups of

students.

In PISA 2000, which focussed on reading, students felt generally positive about
reading. In contrast, students in PISA 2003 (as well as in PISA 2000) expressed
less enthusiasm for mathematics. For example while, on average across OECD
countries, about half of the students report being interested in the things they
learn in mathematics, only 38 per cent agree or strongly agree with the statement
that they do mathematics because they enjoy it.

Less than one-third report looking forward to their mathematics lessons. In fact,
in countries such as Belgium, Finland, France, Korea, Iceland, Italy, Latvia, the
Netherlands, Portugal, Serbia’ and Spain fewer than half as many students who
report an interest in the things they learn in mathematics, say that they look
forward to their mathematics lessons (Figure 3.2).

Itis, of course, well established that intrinsic motivation tends to be lower at later
stages of schooling and students seem often to lose interest in and enjoyment
of mathematics after primary education. This is partly an effect of increasing
differentiation of students’ interests and their investment of time as they grow
older. However, to what extent is lower interest in mathematics an inevitable
outcome, and to what extent a consequence of the ways in which schooling
takes place and mathematics is taught? One way to examine this is to explore
how educational systems vary in this respect and to what extent any observed
differences among schools within countries in student motivation relate to

differences in educational policies and practices.

Students’ reports of their interest in and enjoyment of mathematics can be
represented on an index constructed so that the average score across OECD
countries is 0 and two-thirds score between 1 and -1. A positive value on the
index indicates that students report interest in and enjoyment of mathematics
higher than the OECD average. A negative value indicates an interest lower than
the OECD average (Box 3.2).*

The OECD averages mask significant differences among countries. For
example, in the Czech Republic, Hungary and Japan 40 per cent or less of
students agree or strongly agree that they are interested in the things they learn
in mathematics, while more than two-thirds of students in France, Mexico
and Portugal, as well as in the PISA partner countries Brazil, Indonesia, the
Russian Federation, Thailand, Tunisia, and Uruguay agree or strongly agree
with this statement. This being said, research in PISA 2000 pointed out that it
is difficult to interpret the meaning of absolute values on the index of interest
in and enjoyment of mathematics across countries and cultures (Figure 3.2

and Table 3.1).
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Nevertheless, even if absolute index values are difficult to compare across
countries, it is reasonable to compare how closely student interest in and
enjoyment of mathematics relate to student performance within each country.
While the results from PISA 2003 do not necessarily show that countries with
“more interested” students achieve, on average, better mathematics results (in
fact, students in one of the best performing countries, Japan, report the lowest
interest in and enjoyment of mathematics), the results do show that, within
each country, students with greater interest in and enjoyment of mathematics
tend to achieve better results than those with less interest in and enjoyment of
mathematics. However, the strength of this relationship varies by country.

Table 3.1 shows in more detail the relationship between students’ interest in
and enjoyment of mathematics and mathematics performance. This is done by
dividing students into four groups according to their value on the index. The
average mathematics score of students in each of the four groups is shown for
each country. When comparing across countries how well students in the top
quarter and the bottom quarter of the index perform in mathematics, readers
should bear in mind that the overall level of interest in mathematics itself varies
between countries, so that these score differences should be interpreted with
respect to each country mean. The third panel of Figure 3.2 summarises the
relationship between interest in and enjoyment of mathematics and mathematics
performance. The length of the bar shows the increase in mathematics scores
per unit (i.e., one OECD standard deviation) of the index of interest in and
enjoyment of mathematics. The values to the right of the bar show the percentage
of variance in mathematics performance that is explained by the index of
interest in and enjoyment of mathematics. On average across OECD countries,
the increase is equal to 12 score points. But the increase ranges from a negligible
or very modest impact in Austria, Hungary, Luxembourg, Mexico, the United
States and the partner countries Indonesia, Liechtenstein, Serbia, Thailand and
Tunisia to between 27 and 36 score points, or roughly half a proficiency level in
mathematics or the equivalent of the performance difference corresponding to a
year of schooling,” in Denmark, Finland, Japan, Korea, Norway, Sweden and the
partner country Hong Kong-China. Finland, Japan and Korea stand out because
their average performance in mathematics is high but students do not express
strong interest in mathematics. Nevertheless, the performance gap within these
countries between students who express greater or lesser interest is also high,
with the PISA index of interest in and enjoyment of mathematics explaining
11 per cent of the variance in mathematics performance in Finland and 8 per
cent in Japan.

As noted before, the causal nature of this relationship may well be complex
and is difficult to discern. Interest in the subject and performance may be
mutually reinforcing and may also be affected by other factors, such as the social
backgrounds of students and their schools. Indeed, as shown later inTable 3.12,
the relationship between intrinsic motivation and student performance in

mathematics diminishes considerably or even becomes negligible in most
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Figure 3.2 m Students’ interest in and enjoyment of mathematics

Percentage of students agreeing
or strongly agreeing with the
following statements:

gs I learn in
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Tunisia 76 63 67 82
Indonesia 78 65 74 70
Thailand 70 66 69 84
Mexico 64 50 45 87
Brazil 52 47 61 80
Turkey 60 50 58 65
Denmark 48 47 59 65
Uruguay 40 51 48 70
Russian Fed. 28 41 41 69
Hong Kong-China 37 45 52 51
Portugal 35 27 47 69
Macao-China 34 35 45 43
New Zealand 35 41 39 56
Switzerland 24 41 52 60
Poland 40 30 40 54
Greece 46 27 44 50
Liechtenstein 22 41 52 54
Sweden 49 30 35 53
Italy 31 28 47 60
Latvia 26 22 41 55
Germany 21 40 43 55
France 31 24 47 67
United States 32 40 34 51
Slovak Republic 27 34 33 58
Australia 28 37 36 51
Canada 31 34 36 52
Ireland 29 32 33 48
Serbia 29 20 35 48
Spain 32 20 37 61
Iceland 33 24 38 49
Korea 29 22 31 44
Belgium 23 23 33 54
Norway 26 29 34 50
Czech Republic 10 30 31 40
Netherlands 20 20 35 46
Hungary 18 24 27 40
Finland 18 20 25 45
Luxembourg 21 30 33 43
Austria 20 31 28 41
Japan 13 26 26 32
OECD average 31 31 38 53
United Kingdom' 30 35 34 49
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1. Response rate too low to ensure comparability (see Annex A3).

Source: OECD PISA 2003 database, Table 3.1.
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countries when other learner characteristics are accounted for. However,
whatever the nature of this relationship, a positive disposition towards

mathematics remains an important educational goal in its own right.

While the preceding chapter showed that differences in the mathematics
performance of males and females in at least two of the four mathematics scales
tend to be small or moderate, it is noteworthy that, with the exception of Iceland,
Ireland, Portugal, Spain and the partner countries the Russian Federation
and Thailand, males express significantly higher interest in and enjoyment of
mathematics than females, and particularly so in Austria, Germany, Switzerland
and the partner country Liechtenstein (Table 3.1). As an example, on average
across OECD countries, 37 per cent of males (compared with 25 per cent of
females) agree or strongly agree with the statement that they enjoy reading
about mathematics. As an even more extreme example, in Switzerland 33 per
cent of males compared with just 13 per cent of females report enjoying reading
about mathematics (for data see www.pisa.oecd.org). When gender differences on
the PISA index of interest in and enjoyment of mathematics are converted into
effect sizes (Figure 3.14 and Table 3.16), 21 of the 41 countries participating in
PISA show effect sizes equal to or greater than 0.20, which can be interpreted
as relevant to educational policy (Box 3.3). In contrast, gender differences in
mathematics performance that exceed effect sizes of 0.20 only exist in Greece,
Korea and the Slovak Republic and in the partner countries Liechtenstein and
Macao-China (Table 3.16, Box 3.3).

This is of concern for policy as these data reveal inequalities between the genders
in the effectiveness with which schools and societies promote motivation and

interest in mathematics.

Instrumental motivation

Beyond a general interest in mathematics, how do 15-year-olds assess the
relevance of mathematics to their own life and what role does such external
motivation play with regard to their mathematics performance? Among OECD
countries 75 per cent of 15-year-olds agree or strongly agree with the statements
that making an effort in mathematics is worth it because it will help them in
the work that they want to do later on. Seventy-eight per cent of 15-year-olds
agree or strongly agree that learning mathematics is important because it will
help them with the subjects that they want to study further on in school. Sixty-
six per cent of them agree or strongly agree that mathematics is an important
subject because they need it for what they want to study later on. And 70 per
