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ABSTRACT

This paper makes an in-depth comparison of the PISA (OECD) and TIMSS (IEA) mathematics
assessments conducted in 2003. First, a comparison of survey methodologies is presented, followed by an
examination of the mathematics frameworks in the two studies. The methodol ogies and the frameworks in
the two studies form the basis for providing explanations for the observed differencesin PISA and TIMSS
results. At the country level, it appears that Western countries perform relatively better in PISA as
compared to their performance in TIMSS. In contrast, Asian and Eastern European countries tend to do
better in TIMSS than in PISA. This paper goes beyond making mere conjectures about the observed
differences in results between PISA and TIMSS. The paper provides supporting evidence through the use
of regression analyses to explain the differences. The analyses showed that performance differences at the
country level can be attributed to the content balance of the two tests, as well as the sampling definitions —
age-based and grade-based — in PISA and TIMSS respectively. Apart from mathematics achievement, the
paper also compares results from the two studies on measures of self-confidence in mathematics. Gender
differences are also examined in the light of contrasting results from the two studies. Overall, the paper
provides a comprehensive comparison between PISA and TIMSS, and, in doing so, it throws some light on
the interpretation of results of large-scale surveys more generally.

RESUME

Le présent document établit une comparaison détaillée des évaluations des mathématiques PISA
(OCDE) et TIMSS (IEA), toutes deux menées en 2003. Il présente tout d abord une comparaison des
méthodologies d’ enquéte, puis un examen des cadres d’ évaluation des mathématiques. C'est en effet par
une anayse des méthodologies et cadres d' évaluation des deux éudes que I'on peut expliquer les
différences constatées dans | es résultats du PISA et ceux du TIMSS. Au niveau des pays, il apparait que les
nations occidental es réussissent relativement mieux al’ enquéte PISA qu’'al’enquéte TIMSS. En revanche,
les pays d'Asie et d’ Europe de I'Est ont tendance a obtenir de meilleures performances aux évaluations
TIMSS qu'aux évaluations PISA. Au-dela de simples conjectures sur les différences observées, |e présent
document fournit des éléments de preuves en utilisant des analyses de régression qui expliquent les
disparités de résultats. Les analyses ont démontré que les variations de performance au niveau nationa
peuvent étre imputées al’ équilibre des contenus des deux tests, ainsi qu’ aux définitions d' échantillonnage
— fondées sur I'ége ou fondées sur la classe — pour PISA et pour TIMSS, respectivement. Outre les
performances en mathématiques, le présent document compare les résultats des deux études sur les
mesures de la confiance en soi en mathématiques. Les différences entre les sexes sont également
examinées alalumiére des résultats contrastés des deux enquétes. Dans I’ ensemble, ce document offre une
comparai son compl ete entre PISA et TIMSS et, ce faisant, éclaire plus généralement les interprétations des
résultats d’ enquétes de grande envergure.
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CHAPTER 1- INTRODUCTION

Pur pose of the working paper

1 What would help explain differences between the results in students' mathematics performance
from two respected international education surveys conducted in 2003: the OECD’s Programme for
International Student Assessment (PISA) and the International Association for the Evaluation of
Educational Achievement (IEA)’s Trends in International Mathematics and Science Study (TIMSS)? This
was a gquestion asked by the PISA Governing Board (PGB) and was at the heart of the development of this

report.

2. The results of these two international assessments have often been cross-referenced and
synthesised to present an overall picture of mathematical achievements. Valid cross-references of the
results from PISA and TIMSS require, however, a clear and accurate understanding of the two assessments
in terms of their objectives, assessment frameworks and the nature of the tasks and items that were
presented to students. The objective of this report isto provide such an understanding.*

3. This objective is important as comparisons are inevitably made between the results when two
international surveys are carried out concurrently to measure mathematics achievement, and superficial
comparisons can often be mideading, inaccurate or simply inadequate. For instance, it is customary to
brush aside any comparison of PISA and TIMSS by stating that (1) PISA samples are age-based while
TIMSS samples are grade-based; and (2) PISA is not curriculum-driven while TIMSS is based on
curriculum. While these statements are generally correct, these explanations of the differences between the
surveys hardly convey any useful information in gaining an understanding of the comparative results of the
two surveys. Further, uninformed comparisons can be dangerous, particularly when somewhat emotionaly
charged. Prais (2003) made a number of conjectures in a comparison of PISA and TIMSS results for the
United Kingdom. In a rejoinder to Prais article, Adams (2003) pointed out that Prais criticisms were
based on some misunderstanding of the two surveys. Furthermore, a comparison limited to the results of
one country is unlikely to have the power to reveal patterns of similarities and differences. As a result, this
working paper attempts to provide a comprehensive comparison of PISA and TIMSS, examining both
methodological similarities and differences, as well as similarities and differencesin the results. Aspectsin
relation to methodology include sampling, framework development and test construction. Aspects in
relation to results include comparisons and explanations of rank ordering of countries, observed gender
differences, as well as the impact of attitude on achievement.

4. The major target audience of this report will be educational practitioners. The term “educational
practitioners’ is widely defined here to include policy makers and researchers in the education field. The
report aims to help those involved in planning instructions and monitoring achievement in mathematics to
understand the differences and similarities between PISA and TIMSS, and to provide guidance on how to

1. This purpose was stated in the OECD’s International Call for Tender for the development of thematic
reports on PISA 2003 (OECD/EXD/PCM/EDU(2003)56, p. 4).
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relate and interpret the results from the two assessments. For example, PISA and TIMSS results can
identify relative strengths and weaknesses of students in the field of mathematics. This information, when
interpreted correctly, can in turn be used for an evaluation of current practices as well as future reformsin
curriculum and instruction.

Surveysfor comparison

5. This report uses results from the PISA 2003 mathematics assessment and TIMSS 2003
population 2 mathematics assessment” as the basis for comparison.

6. There are two reasons for the choice of these two surveys for comparison. First, they were both
conducted at around the same time®. The data collected represent a cross-sectional profile of students
mathematics achievement in 2003 in each participating country. On-going changes in educational reforms
within each country are not likely to account for the differences between the results of the two surveys, as
both surveys were conducted at about the same time. Second, although PISA assesses reading, science and
mathematics, the majority of testing time was devoted to mathematics in PISA 2003 so that the data
collected covered most mathematics content areas, as was typically the case in TIMSS studies. This makes
the results of the two surveys more comparable.

Similarities and differences

7. While it is useful to identify differences between PISA and TIMSS, the identification of
similarities between the two surveys should also be valuable. First, where the findings from both surveys
agree, the results provide strong evidence for policy makers and researchers to take appropriate actions
based on the findings. For example, if gender differences in mathematics performance from both surveys
are consistent, then there is a clear message about the differential performance of girls and boys, despite
differences in grade and age in the two surveys. Second, the identification of the extent of similarities in
the survey methodologies could inform policy decisions regarding the best way to move forward so that
the two surveys complement, rather than duplicate, each other. For example, both surveys are currently
paper-and-pencil based tests with short tasks. It is possible that some extended performance tasks delivered
through computer-based testing could be included in one survey to tap into a different aspect of
mathematics performance, so that the two surveys can provide complementary information about all
aspects of mathematics literacy. Consequently, a useful comparison between the two surveys should go
beyond just looking for differences. This working paper provides a holistic comparison between the two
surveys, identifying both similarities and differences between the methodol ogies and the findings.

Focus of comparison
8. More specifically, this report addresses four aspects of PISA and TIMSS:
o  What findings are similar between the two surveys? Agreements between findings from the two
surveys will reinforce the underlying messages and provide some evidence of validity of the

results.

¢ What findings are different, or even contradictory, between the two surveys? What are possible
explanations for the differences?

2. TIMSS Population 2 refers to the Grade 8 cohort. TIMSS Population 1 refers to the Grade 4 cohort.

3. The PISA testing window was between March and August 2003 (OECD, 2005, p.46). In TIMSS, seven
Southern Hemisphere countries tested in October through December, 2002. Korea tested later in 2003. The
remaining countries tested mostly between April and June 2003 (IEA, 2003, p.18).
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o Whichissues are investigated by only one survey? What findings from the two surveys are
complementary?

o What lessons can we learn from a cross-comparison of the two surveys? How can we improve
each survey based on the findings of this report?

Background information about the two surveys

9. PISA is conducted by the OECD while TIMSS is conducted by the IEA. To fully understand the
differences between PISA and TIMSS, it will be important to be familiar with the history and the
“philosophies’ of IEA studies and OECD work. OECD, being a co-operative organisation between
governments, has policy-makers' interests as the focus of its work. In contrast, IEA, formed as a united
body of research organisations, has the interests of researchers at the forefront of its studies. Although the
distinction between policy focus and research focus is a blurred one, as many research questions that drive
TIMSS are heavily influenced by policy considerations. Nevertheless, the different backgrounds of the two
organisations have resulted in setting different goals for the studies conducted. For example, in TIMSS it
was deemed important to link the survey results directly to instructional practices in the classrooms, while
in PISA, the measure of the outcome of schooling is deemed more important for governments in shaping
educational policies. The emphases in the main goals of each study in turn had an impact on population
definition and sampling procedures. For example, to examine instructional practices and relate these to
student achievement, one needs to sample classes. To sample classes, the population definition will need to
be grade based. In contrast, to compare outcomes of schooling, an age-based sample may place countries
on more equal footings for describing the preparedness of students for adult life. Consequently, a clear
understanding of the different objectives of each study is fundamental in subsequent anayses of the
comparisons of the surveys.

The aimsof TIMSS and Pl SA

10. In the introduction to the TIMSS 2003 International Mathematics Report (IEA, 2003), the aim of
the study is stated as follows:

The aim of TIMSS ... is to improve the teaching and learning of mathematics and science by
providing data about students' achievement in relation to different types of curricula, instructiona
practices, and school environments. (p.13)

11. The aim of TIMSS places teaching and learning at the forefront, with a special mention of linking
achievement to curricula and ingtructional practices. In contrast, in the OECD publication Learning for
Tomorrow's World — First Results from PISA 2003 (OECD, 2004), the aim of PISA is stated as follows:

PISA seeks to assess how well 15-year-olds are prepared for life's challenges. ... focusing on young
people’s ability to use their knowledge and skills to meet real-life chalenges, rather than merely on
the extent to which they have mastered a specific school curriculum. (p.20)

12. PISA’s statement of aim indicates that the link between achievement and curricula is not
regarded as the main objective of the study. PISA adopts a “literacy” concept about the extent to which
students can apply knowledge and skills. An assessment of this literacy in various subject domains will
have direct policy relevance for governments. This is not to say that TIMSS does not produce useful
information for policy-makers, or that PISA results do not inform teaching and learning. Such a division
between policy focus and research focus is an oversimplification of the ams of the surveys. Many research
objectives in TIMSS were driven by policy considerations, and many policy objectives in PISA result in
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research themes. However, it is the relative emphases of the two studies that are different. When a study is
designed for amain purpose, the results are usually not as readily useful for other purposes.

13. It is not surprising that PISA has a policy orientation while TIMSS has a research orientation,
since the governing body of PISA consists of governmental departments, while ingtitutional members of
IEA are research centres that may or may not be linked to the government of each country. Consequently,
the decision making processes in the two studies differ to some extent, since the participants of decision
making meetings are not the same group of people. However, there is some overlap of participants. Around
eleven countries have the same government department taking charge of both PISA and TIMSS in
participating in the decision-making processes at the internationa level, and about half of these countries
have the same person in charge of both projects’. From this point of view, PISA and TIMSS are not
entirely separate studies, since common experiences and problems in these two surveys have often been
cross-referenced when setting directions for each survey.

14. Nevertheless, the total number of countries participating in each study (41 countries in PISA
2003, and 50 countries’ in TIMSS 2003 Grade 8 cohort) is much larger than the number of countries taking
part in both studies (22 countries), and the cohort of countries that participated in each study has an impact
on the directions taken for the development of the assessment instruments. Firgt, in both studies, there has
been an active involvement from participating countries in shaping the assessment instruments through
contributions and reviews of items. Second, the target difficulty level and cultural balance aso need to
match the group of participating countries. Characteristics of items may be influenced by the background
of the participants of the surveys. For example, specific item contexts may be selected or avoided
depending on the level of socio-economic status of students in participating countries, since students
familiarity with the contexts can have some impact on the results. The items selected also need to work
well in all countries and languages.

Organisation of thereport
15. The content of thisreport is organised in six chapters.

16. Chapter 2 compares survey methodol ogies used in the two surveys. The topics considered include
population definitions, sampling methods, test characteristics, scaling methods, field operations and
guestionnaires administration.

17. Chapter 3 provides a detailed comparison of the mathematics frameworks and test specifications
used in PISA and TIMSS. An attempt is made to align the two frameworks according to both the content
domains and cognitive domains.

18. Chapter 4 examines the degree of similarities and differences between TIMSS and PISA
achievement results in terms of country mean scores. V arious hypotheses are tested to explain the observed
differences in country performance in TIMSS and PISA. With the identification of a number of factors,
guantitative models are built to explain achievement differences.

19. Chapter 5 focuses on comparisons of gender differences and students attitudes towards
mathematics, as reported in TIMSS and PISA. The choice of these student level variables was based on the
availability of published results provided by the two surveys.

4. It is difficult to obtain these figures precisely, since there are often changes of personnel or changes of
contractors for running each study.

5 Some of the participantsin TIMSS are sub-regions of a country, for example, Basgue country in Spain and
two provinces of Canada.

10
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20. Chapter 6 summarises the findings, as well as draws attention to the implications of the findings
for PISA and TIMSS, and, in fact, for large-scal e assessments more generaly.

11
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CHAPTER 2 - SURVEY METHODOLOGIES

I ntroduction

21. This chapter compares survey methodologies used in PISA and TIMSS. In particular, five aspects
of survey methodol ogies are compared: sampling, test characteristics, scaling methods, field operations and
test administration. On the whole, both PISA and TIMSS adopt similar survey methodologies typicaly
used for large-scale studies. Both surveys chose the methodol ogies to meet survey objectives while taking
account of the constraints.

22. As international studies, both surveys attempt to provide information on mathematics
achievement at the national level for participating countries. Since it would be impractica to test every
student in each country, both PISA and TIMSS use sampling methodology to select a representative
sample from each country. The use of samples |leads to the implementation of a set of statistical procedures
appropriate for drawing inferences from samples about the popul ation.

23. Both PISA and TIMSS have world experts in large-scale survey sampling methodology
providing clear directions for sampling within each country. The sampling methodologies used in both
studies are similar.

24, In addition, both surveys use similar methodologies for estimating student performance and the
construction of a proficiency scale. These scaling methodologies are described in more detail below. There
is also some overlap in expertise in this scaling process, as some members of the technical advisory group
for PISA have also been involved in the scaling of TIMSS and the United States National Assessment of
Educational Progress (NAEP) ° data.

25. In terms of field operations, PISA and TIMSS have similar processes, with minor variations in
translation and verification procedures. As technical aspects of methodologies for international surveys
are described in detail in published reports, there is now a move towards forming standards for conducting
international, or large-scale, surveys. Consequently, it is not surprising that survey methodologies are
becoming more similar across different studies in broad terms, but there are variations at the level of
details.

26. The following sections compare each aspect of survey methodologies between PISA and TIMSS
in more detail.

Population definition

27. PISA and TIMSS have different population definitions. The target population of PISA is defined
asfollows:

The desired base PISA target population in each country consisted of 15-year-old students attending
educational institutions located within the country, in grades 7 and higher. (p.46, OECD, 2005)

6. TIMSS uses essentially the same scaling methodology as NAEP.

12
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28. Note that while PISA has an age-based population definition, there is a reference to grade so that
only students in grade 7 and above are included in the sample.

29. TIMSS Grade 8 population definition for the 2003 survey is the following:

All students enrolled in the upper of the two adjacent grades that contain the largest proportion of 13-
year-olds at the time of testing. This grade level was intended to represent eight years of schooling,
counting from the first year of primary or elementary schooling, and was the eighth grade in most
countries. (p.110, IEA, 2004)

30. The fact that TIMSS results are labelled as “ Grade 4” or “ Grade 8" has misled some to think that
Grade 8 students are selected from every country. The term “Grade 8" refers to eight years of schooling,
rather than a grade labelled as Grade 8 in every country. Therefore, the TIMSS population definition aims
to control for the number of years of schooling. Note that while TIMSS has a grade-based sample, in fact,
there is a clear reference to age in selecting the appropriate grade for testing. That is, while the sample is
grade-based, the target population aims to capture 13 or 14-year-olds. This additional reference to age
provides some guidance to countries to select the correct grade. It helps to overcome some difficulties in
defining “the first year of primary schooling”’, as there are variations across countries in formal and
informal education for very young children. In this sense, the desired population base of TIMSS is
somewhat age-based, but the operational population definition is grade-based.

Implications of the different definitions

31 What are the implications of the differences in population definitions in PISA and TIMSS? In
broad terms, PISA examines the educationa yield in the first 15 years of life of a child, and TIMSS
examines the educational yield of the first eight school grades in each country.

32. So one might say that PISA asks the question: “In each country, what has the education system
been able to do to raise the mathematics achievement of a child by the time he/she reaches 15 years of
age?’ In contrast, TIMSS asks the question: “What has eight years of school grades achieved in raising the
mathematics standard of a child?’ In PISA, if Country X had lower mean achievement than Country Y,
one might conclude, in simplistic terms, that Country X had not been able provide as much effective
education for a child in the first 15 years of his’her life. In TIMSS, if Country X had lower mean
achievement than Country Y, one might conclude, in simplistic terms, that the first eight grades of schools
in Country X had not been as effective asthe first eight grades of schoolsin Country Y. Of course there are
many other variables (such as socio-economic status of students or culture traditions that are not easily
amenable to policy manipulation) that need to be taken into account to make conclusions about the
effectiveness of any educational system, and the pictures are usually not as simplistic as the above
examples illustrate. See Box 2.4 for further information on student background variables sdlected for
providing insight into the making of effective education systems.

33. The population definitions of PISA and TIMSS are consistent with the objectives of each survey.
If one wants to evaluate the effectiveness of the provision of an education system for each child when
he/she reaches the age at which he/she can leave school, then the PISA population definition will provide a
more comparable sample. On the other hand, if one wants to evaluate the effectiveness of instructional
practicesin classrooms, then the TIMSS population definition will provide a more comparable sample as it
controls for the number of school grades a child attends. In some sense, PISA takes a look at a bigger
picture of education systems as a whole. In contrast, TIMSS focuses on specific issues of education,
namely, schools and classrooms.
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Comparison of age distributions

34. Theinternational average age of studentsin TIMSS “ Grade 8" assessment was 14.5, with country
mean age ranging from 13.7 (Scotland) to 15.5 (Ghana) (See Exhibit 2, IEA, 2003, pp. 20-22), while the
international average age of PISA 2003 students was 15.8", with country mean age ranging from 15.7 to
15.9. Of course, since PISA samples are selected by age, there is little variation in student age across
countries.

35. Within each country, there is also a spread of ages. As expected, in TIMSS, the variation of age
within each country is greater than the variation of age in PISA. The following provides a summary of the
comparison of age distributions between PISA and TIMSS.

36. Students in PISA typically are aged between 15 years and 3 months and 16 years and 2 months,
within each country. That is, there is a one-year age span within each country’s sample. The spread of
students’ age distribution is similar across all countries.

37. In TIMSS, there is typically a two-year age span in each country’s student sample. However,
there are differences across countries. For example, in England, the age difference between students is
generally less than one-year, as shown in the histogram in Figure 2.1.

Figure 2.1 Age distribution of students in the TIMSS sample for England
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38. That is, both the TIMSS sample and PISA sample for England have similar spread of age
distribution, with arange of around one year.
39. In contrast, for Hong Kong-China, the age distribution for the TIMSS sample has a large spread,
asshownin Figure 2.2.
7. Computed across all countriesin PISA 2003, with each country contributing equal weight.
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Figure 2.2 Age distribution of students in the TIMSS sample for Hong Kong-China
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40. That is, the age of studentsin the TIMSS sample for Hong K ong-China covers around four years,

while the age differences of studentsin the Hong K ong-China PISA sample are within one year (but across
anumber of grades).

41. The United Kingdom and Hong Kong-China examples are two extreme cases. For most
countries, the age distribution of TIMSS samples covers around two years.

42. The age distributions of sampled students may have an impact on student achievement. For
example, in TIMSS, different countries have different age cohorts due to country-specific regulations such
as age of entry into schools or policies on retention. The upper of the two adjacent grades that contain the
largest proportion of 13-year-olds could have more 14-year-olds than 13-year-olds, or have only 13-year-
olds. A country such as Norway, where children enter schools at a relatively younger age, may have
younger students at Grade 8, compared with countries where students enter schools at an older age.

43. In contrast, the PISA sample could draw students from predominantly one grade level, or from
two or more grades, depending on the distribution of 15-year-olds across grades. The implications of
multiple grades versus single grade will need further investigation. The following shows some exampl es of
grade distributionsin PISA.

Comparison of grade distributions

44, Since TIMSS samples are grade-based, al students in each country’s sample are in the same
grade. In contrast, for PISA, 15-year-olds may be in a number of different grades in each country. There
are considerable variations across countries in terms of the number of different grades covered in the PISA
sample. For example, in Iceland and Japan, all students in the PISA sample are from the same grade. In
Korea, the mgjority of students are from the same grade, as shown in Figure 2.3.
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Figure 2.3 Grade distribution of PISA sample in Korea
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45, In some countries, the mgjority of the students in the PISA sample come from two grades, for

example, in Austria and the Czech Republic (see Figure 2.4, for an example).

Figure 2.4 Grade distribution of PISA sample in Austria
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46. In some countries, there are many 15-year-olds who are in grades below the modal grade, such as
in Hong Kong-China and Portugal.
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Figure 2.5 Grade distribution of PISA sample in Hong Kong-China
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47. One might hypothesise that, if many 15-year-olds in acountry are in grades well below the modal

grade, then an age-based sample will tend to lower the average performance of students compared to a
grade-based sample. On the other hand, in countries where there are many 15-year-olds who are in higher
grades than the modal grade, one might expect 15-year-olds to perform relatively better than just students
in asingle grade, since school grade level reflects the number of years of schooling. In comparing country
performance in PISA and TIMSS, the grade distribution of the PISA sample in each country, and the age
distributions of the TIMSS samples, should be taken into account. These are discussed in more detail in
Chapter 4.

Sampling methods

48. The sampling design for both PISA and TIMSS is a two-stage stratified sample for most
countries. The first stage of sampling is the selection of schools from a list of all schools satisfying the
target population definition for the survey. The selection of schools is carried out using probability-
proportional-to-size (PPS) method. That is, the probability that a particular school will be selected is
proportional to the number of eligible students in that school. When an equal number of students are then
selected from each of the chosen schooals, the probability that a particular student will be chosen will be the
same for all students in the population. If PPS is not used, and each school has the same probability of
being chosen, then students from very small schools are more likely to be in the sample than students from
very large schools. Consequently, there will likely be larger standard errors and bias of estimates if PPSis
not used.

In PISA, the second stage of sampling is the selection of, typically, 35 students from each sampled school,
while, in TIMSS, the second stage of sampling is the selection of one intact class®. In PISA and TIMSS,
various standards have been set in relation to school level and student level exclusions, and both surveys

8. In most countries, one class per school was selected. But some countries selected two classes per school.
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attempt to minimise the proportion of exclusionsto ensure that the sample collected is representative of the
target population for each country.

49, Both PISA and TIMSS require a minimum of 150 schools to be selected in each country. PISA
also recommends that the total number of sampled students is at least 5250, while TIMSS requires a
minimum of 4000 students to be selected in each country.

50. The achieved degree of precision for estimates of mean student performance by country is not too
different in magnitude in PISA and TIMSS, with standard errors dightly smaller in PISA than in TIMSS
(see Table 9 in Chapter 4). For the 22 countries that participated in both PISA and TIMSS, the average
standard error for country means is 3.2 score points in PISA, and 3.3 score pointsin TIMSS, although the
score points are not on the same scale. If PISA scores are placed on the TIMSS scale (with the same
overall TIMSS standard deviation for the 22 countries), then the average standard error (over the 22
countries) in PISA is 2.7 score points on the TIMSS scale, about 0.6 score points less than the average
standard error in TIMSS.

Test characteristics
Test length

51. In PISA, each student took two hours of testing, with a break after one hour. In TIMSS, the
testing time for each student was 90 minutes and was divided into two sessions, with a break in between.

Test design

52. To alow for coverage of all mathematics content areas in the assessment, but at the same time
not placing too much burden on individual students, both PISA and TIMSS utilise matrix sampling test
design (see Box 2.1). That is, test items are placed in a number of test booklets with linking items across
booklets, and each student takes only one test booklet. In this way, each student only answers a fraction of
the test items, out of alarge number of items being tested in the whole assessment.

53. In PISA, 13 test booklets were rotated among students, with each booklet containing items from
a least two subject domains from mathematics, reading, science and problem solving. In addition, every
booklet contained at least one mathematics item cluster. In TIMSS, 12 test booklets were rotated among
students, with each booklet containing both mathematics and science items.
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Box 2.1 Matrix sampling test design in PISA and TIMSS

Cluster rotation design used to form test booklets for PISA 2003

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

Note: M denotes a mathematics item cluster, R a reading item cluster, S a science item cluster and PS a problem solving item cluster.
To enable linking between booklets, each of these item clusters appears in four of the test booklets in each of the four possible
positions (i.e. in Cluster 1, Cluster 2, Cluster 3 or Cluster 4).

TIMSS 2003 booklet design

Student Part | Part Il

Booklet Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
1 M1 M2 S6 S7 M5 M7
2 M2 M3 S5 S8 M6 M8
3 M3 M4 S4 S9 M13 M11
4 M4 M5 S3 S10 M14 M12
5 M5 M6 S2 S11 M9 M13
6 M6 M1 S1 S12 M10 M14
7 S1 S2 M6 M7 S5 S7
8 S2 S3 M5 M8 S6 S8
9 S3 S4 M4 M9 S13 S11
10 S4 S5 M3 M10 S14 S12
11 S5 S6 M2 M11 S9 S13
12 S6 S1 M1 M12 S10 S14

Note: M denotes mathematics and S science. To enable linking between booklets, all blocks will appear in at least two of the 12
booklets. Trend items are placed in Part I, and new items are placed in Part Il, except for M5 and M6 which appear in both Part | and
Part Il. Calculators are not allowed for Part | items, but they are allowed for Part Il items.

Amount of assessment material

54. Both PISA and TIMSS developed approximately 210 minutes of mathematics assessment
material, and these are placed in the test booklets with some duplication across the booklets’. Interestingly,
in PISA, the 210 minutes of test material were made up of 85 test items (with 94 score points in total),
while, in TIMSS, the 210 minutes of test material were made up of 194 items (with 215 score points in

9. The final 2003 tests contain 210 minutes of test material, although many more items were developed and
field tested, from which 210 minutes of test material were selected.
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total). So, on average, each PISA item should take about 2.5 minutes to complete, while a TIMSS item
should take about 1 minute to complete. That is, on average, it is expected that each PISA item would take
more than twice the time to complete than a TIMSS item.

55. In PISA, each student took between 30 to 90 minutes of mathematics assessment (with an
average of 65 minutes), while, in TIMSS, half of the students took 30 minutes of mathematics assessment,
and the other half took 60 minutes of mathematics assessment (with an average of 45 minutes). While, on
average, PISA students were given more time to answer mathematics items, the average number of items
administered to PISA students was 26 (total of 29 score points), as compared to an average of 42 items
(total of 47 score points) administered to each TIMSS student.

56. The reported test reliability for TIMSS is 0.89, and 0.85 for PISA. Thisis not surprising, as test
reliability is closely related to the number of items (or total score points) administered to each student. It
appears that PISA developed more extended mathematics tasks in the assessment, but was not able to turn
the extended assessment into more score points. In some sense, PISA’s attempt to build longer tasks to
reflect real-life contextsis at some expense of test reliability.

57. A more detailed comparison of item typesin PISA and TIMSS s given in Chapter 3.

Scaling methodology

58. Both PISA and TIMSS use item response theory (IRT) to model student responses to test items.
Item response theory is particularly useful for the matrix sampling test design in PISA and TIMSS to
“equate” student scores when students took different test booklets, since, in these cases, raw scores on the

tests were not directly comparable as different sets of test items were administered to each student. See
Box 2.2 for abrief description of IRT.
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Box 2.2 Overview of Item Response Modelling
Principles of ltem Response Theory (IRT)

Item response theory pertains to the use of mathematical functions to model the probability of success on an item
as a function of the characteristics of an item (e.g., difficulty) and characteristics of a person (e.g., ability). Typically,
item difficulty parameter and ability parameter are defined on the same measurement scale, so that the relationship
between the ability of a person and the difficulty of an item is well defined through a mathematical function. In the case
of the one-parameter item response model, the probability of success on an item is given by

exp(6 - 5)

robability of success= ————~—
P v 1+exp(6 - o)

where @ is the person’s ability on the measurement scale, and O is the item difficulty on the same measurement
scale. When a person’s ability is equal to the item difficulty, the probability of success is 0.5. Consequently, if a person
is administered a number of test items with known item difficulty parameters, one can make an estimate of the
person’s ability based on the observed patterns of successes and failures on the items. The advantage of this
approach is that the estimate of a person’s ability is invariant (within measurement error) of the particular set of items
administered. This property of the one-parameter item response model is particularly useful when there is a rotated
booklet test design where students take different sets of the items such as the booklets in PISA and TIMSS.

In addition, since person ability and item difficulty are defined on the same measurment scale, one can make
statements about a student (located at a point on the scale) with respect to his/her likelihood of being successful on
various items which are also located on the scale according to the item difficulty parameter. In this way, one can
provide descriptors of skills and knowledge to illustrate typical capcacities of students located at various poinsts on the
measurement scale.

There are also many different item response models, where different mathematical functions are used to describe
the probability of success. In particular, the two-parameter and three-parameter item response models are also
commonly used. The two-parameter item response model has an additional parameter describing the discrimination
power of each item. For example, opend-ended items typically provide more discrimination power than multiple-choice
items in separating students on the measurement scale (Routitsky & Turner, 2003). The three-parameter model has an
additional “guessing” parameter for multiple-choice items.

In general, the choice of a particular item response model is often influenced by different schools of thought. All
item response models have theoretical and practical advantages and drawbacks. A detailed discussion on the
differences between item response models is beyond the scope of this report. Some references on item response
theory include Embretson and Reise, 2000, and van der Linden and Hambleton, 1997.

59. There is, however, a difference in the item response models used in PISA and TIMSS. In PISA,
the one-parameter item response model was used (OECD, 2005), while in TIMSS, the three-parameter
model was used (IEA, 2004). There appears to be no clearly documented findings comparing the one-
parameter and three-parameter item response models. In TIMSS 1995, student responses were modelled
using both the one-parameter model and the three-parameter model, but IEA did not publish any direct
comparisons of the two scaling methods

60. From a theoretical point of view, the three-parameter item response model takes into account the
discrimination power of individua items, that is, to what extent the item can separate poor ability students
from high ability students, as well as guessing factors for multiple-choice items. Consequently, if test items
are greatly different in terms of discrimination power, it is possible that the two scaling methods could
produce a different “spread” of the student ability distributions. The ranking of the countriesis likely to be
unchanged (up to the accuracy of the proficiency estimates), provided that the items do not exhibit large
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differential item functioning (DIF) across countries. While DIF was checked after the field trial in PISA,
thisisan issue that till remains to be investigated.

61. Both PISA and TIMSS use plausible values methodology (Midevy, 1991; Midlevy, et al, 1992)
for estimating student achievement distributions, as well as replication methods for computing standard
errors of estimates. TIMSS uses the jacknife replication method, and PISA uses the balanced repeated
replication method. Both methods use the same approach in estimating standard errors for complex
samples. For more detail, consult the technical reports of PISA and TIMSS. See Box 2.3 for a brief
description of the Plausible Vaues methodol ogy.

Box 2.3 Plausible Values

There are at least two different approaches to estimate student achievement distributions. The first is an indirect
approach where an estimate of each student’s ability is first made based on the student’s item responses, and these
ability estimates are then aggregated to form population characteristics. The second approach is a direct estimation
method where a parametric model for the ability distribution is assumed (for example, as a normal distribution with
mean W and variance 02). The parameters of the distribution are then estimated directly using student item responses.
The plausible values methodology is a direct estimation method for population characteristics. Plausible values can be
regarded as computational tools for building the population ability distribution. This direct estimation method
overcomes some of the problems encountered in the indirect approach where inaccuracies in individual student ability
estimates cause biases in population estimates. Readers can refer to Wu (2005b) for a more detailed explanation on
plausible values.

Field operation procedures

62. Field operation procedures in PISA and TIMSS are very similar, with provisions for trandation
verification, marker training and marker reliability studies, national centre monitors, school visits, and a
whole suite of quality control procedures to ensure the standards of survey operations across all
participating countries. It can be said both PISA and TIMSS adopt similar field operation procedures with
only minor variations. For example, in PISA, source documents are prepared in both English and French,
and a double trandlation is carried out using English and French source documents separately. In TIMSS,
the source language is in English, and an independent double trandation is carried out. Both PISA and
TIMSS have independent trandation verification processes in place, where international trandation
companies verify the trandated instruments. The respective study centres then review and check for the
reconciliation of the various trand ations.

63. Test administration procedures are also very similar between the two studies, with some minor
differences such as lengths of testing time. However, policies on calculator use are somewhat different
between the two surveys. Since the use of calculators may have an impact on mathematics achievement,
the following section examines this issue more closdly.

Calculator use

64. PISA and TIMSS have different rulings on calculator use. PISA adopts an open position on the
use of calculators, as the following shows:

National centres decided whether calculators should be provided for their students on the basis of
standard national practice. No items in the pool required a calculator, but some items involved
solution steps for which the use of a calculator could facilitate computation. In developing the
mathematics items, test developers were particularly mindful to ensure that the items were as
calculator-neutra as possible. (p.16, OECD, 2005)
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65. TIMSS did not allow the use of calculators in 1995 and 1999. However, in 2003, for Grade 8,
calculators were adlowed for some items. For Part | of the TIMSS test booklets, calculators were not
allowed. For Part I, calculators were allowed. As for PISA, “ TIMSS mathematics items were designed so
that they could be answered readily without the use of a calculator (p.374, IEA, 2003)" .

66. The differences between PISA and TIMSS in the policy on calculator use reflect differencesin
the nature of the two assessments.

The PISA assessment focuses on problem situations that arise from the real world, and the use of
calculators is very much a part of everyday life (whether at work or at home). However, it should be
stressed that intensive computation is not a key focus of the PISA test, and there will not be purely
computational items that depend solely on the use of the calculator. (p.365, OECD, 2005)

67. In contrast, TIMSS clearly regards computation skills without the use of calculators as one
important strand of mathematics, as reflected in the inclusion of mathematics items where calculators were
not allowed. For TIMSS 2003 Grade 4 assessment, no cal culators were allowed.

68. The impact of calculator use on achievement resultsis examined in Chapter 4.
Questionnaires

69. Apart from the mathematics assessment instruments, contextual information about students and
schools is aso collected in both PISA and TIMSS. This information is not only useful in its own right, it
also provides analytic power for gaining an in-depth understanding of achievement results. PISA
administers a student questionnaire and a school questionnaire, while TIMSS administers four
guestionnaires: a student questionnaire, a teacher questionnaire, a school questionnaire and a curriculum
guestionnaire. Since the sampling design of PISA does not involve the selection of intact classes, it is
difficult to administer a teacher questionnaire. As students come from different classes in each school, it
becomes difficult to identify all the teachers of sampled students and link students to teachers.
Consequently, in PISA, limited amount of teacher information is collected through the student and
school questionnaires. In contrast, TIMSS collects extensive teacher information including teacher
background, school and classroom climate, instructional approaches and implemented curriculum. In
addition, TIMSS administers a Curriculum questionnaire seeking information on the process of curriculum
development in each country, as well as the mathematics topics included in each country’s curriculum.

Box 2.4 How PISA and TIMSS collected information from students in the 2003 surveys
Student questionnaire in TIMSS at Grade 8
Students took 30 minutes to answer 23 questions in total. There were seven main sections:

About you - questions about the students and their family, including date of birth, sex, number of books at
home, home possessions (16 items, of which 12 are country specific), language spoken at home,
educational level of parents and their own educational expectations.

Mathematics in school — students’ attitudes towards learning mathematics, how frequently students are
taught or learn in different suggested ways in mathematics lessons (14 different ways).

Science in school — students’ attitudes towards learning science, how frequently students are taught or learn
in different suggested ways in science lessons (14 different ways).
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Computers — where students use computers and how frequently they complete 4 suggested educational
tasks.

Your school — students’ attitudes towards school and teachers (4 statements) and school climate and sense
of belonging (5 statements).

Things you do outside of school — how frequently students spend time on 9 selected activities before or after
school (including leisure pursuits and both school and paid work), frequency of extra lessons or tutoring and
homework in mathematics and science.

More about you — how many people live at the students’ home and whether or not the students and their
parents or guardians were born in the country of assessment and if applicable at what age the students
arrived in the country of assessment.

PISA student questionnaires

PISA administers a main student questionnaire, as well as providing countries the option of administering
additional shorter questionnaires to collect information such as students’ use of computers. There were three possible
questionnaires for students to complete in 2003. All participating students took about 30 minutes to answer 38
guestions in the main student questionnaire. There were six main sections:

About you — Grade at school, type of educational programme, date of birth, sex

You and your family — who lives at home with the students, parents’ employment status, occupation
(including job title and tasks) and education (level completed and qualifications), country of birth of both
student and parents, and, if applicable, at what age the student arrived in the country of assessment;
language most often spoken at home; home possessions (16 items, including a computer, of which 3 are
country specific); number of 5 selected home possessions; number of books at home.

Your education — pre-primary school attendance, age student started primary school, grade repetition if
applicable, level of education student expects to complete, attitudes towards school.

Your school — reasons student attends the school, views on teachers in the school, sense of belonging at
school, punctuality, number of hours spent on homework, extra classes or with tutors outside school.

Learning mathematics — views on mathematics learning (8 statements), confidence in mathematics (8
tasks), studying mathematics (10 statements), time spent on learning mathematics, different ways of
studying mathematics (14 statements).

Your mathematics classes — number and length in minutes of mathematics classes per week, number of
students in the mathematics class, cooperative and competitive ways of learning mathematics (10
statements), mathematics classroom environment, including disciplinary climate and teacher support (11
statements).

In addition, students in 21 countries took five minutes to complete eight questions in an optional questionnaire on
Educational career.

Educational career - Absence of at least two months and/or change of school in primary (ISCED 1) or lower
secondary (ISCED 2) school; change of study programme in current grade; type of mathematics class;
mathematics mark in last school report and whether it was above or below the pass mark; and expected job
at the age of 30.

Students in 32 countries took five minutes to complete nine questions in an optional questionnaire on Information
and Communication Technology (ICT).

ICT - Availability of computers at home, school and elsewhere and how frequently students use these; the
number of years students have been using a computer; how frequently students use computers for specific
tasks (12 tasks); students’ confidence in completing different tasks on a computer (23 tasks); students’
attitudes towards using computers; and how students learned to use computers and the Internet.
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70. The extent to which student, teacher and school background information is collected has an
impact on the analyses that can be carried out. Box 2.3 presents an overview of the questions that students
answered in PISA and TIMSS in 2003. Both PISA and TIMSS examine students' “self-confidence” and
“interest and motivation” in mathematics. A comparison of these results is given in Chapter 5. PISA also
collects information on students’ learning strategies and how learner characteristics influence mathematics
performance. TIMSS international report has a brief presentation of students' socio-economic status (SES),
while PISA devotes a large section of the report to the analysis of SES in relation to achievement. TIMSS
presents a detailed report on the profiles of teachers, including cross-country comparisons of teacher
qualifications, gender, age, experience, and professiona activities and support for teachers.

71. Both PISA and TIMSS report on school contexts for learning, including student-teacher
relationships, school resources, and classroom climate. TIMSS further presents details of the mathematics
classroom in terms of resources used in mathematics classes, content taught, and assessment methods. The
main difference between PISA and TIMSS in rdation to contextual information is that classroom level
information is collected from teachers directly in TIMSS, while, in PISA, information is aggregated within
each school from students’ responses to questions about the classroom environment.

Summary

72. The following is a summary of similarities and differences between PISA and TIMSS Grade 8
discussed in this Chapter.

Aspects of Specific Point Similarities Differences
Survey
Sampling Population versus | Both surveys are sample-based
sample
Population PISA is age-based. TIMSS is
definition grade-based
Age distribution Typicaly, there is a two-year

age span in each country’s
sample of students in TIMSS,
and oneyear age span in
PISA.

Grade distribution Typicaly, there are two grades
involved in each country in the
PISA sample, and one grade in
TIMSS.

Sampling method | Both surveys use a two-stage | In TIMSS, the second stage of
sampling method, where schools | sampling selects intact classes.
are first selected using | In PISA, the second stage of
probability proportional to size | sampling selects students at
method. random within each school.
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Aspects of Specific Point Similarities Differences
Survey
Sample size Both PISA and TIMSS require a
minimum of 150 schools to be
sel ected.
PISA recommends that the total
number of sampled studentsis at
least 5250, while TIMSS
requires a minimum of 4000
students to be selected in each
country.
Test Test length 73. The testing time is
Characteristics two hours in PISA and 90
minutesin TIMSS.
Test design Both surveys use rotated test
booklet design. PISA uses 13
booklets. TIMSS wuses 12
bookl ets.
Amount of | Both  PISA and TIMSS | There are 94 total score points
assessment developed approximately 210 | in PISA, and 215 total score
material minutes of mathematics | pointsin TIMSS.
assessment material
Scaling Item response | Both surveys use item response | PISA uses the one-parameter
Methodologies | model modelling and plausible values | item response model. TIMSS
methodologies for estimating | used the three-parameter item
student ability distributions response model.
Field Trandation Both PISA and TIMSS have | In PISA, source documents are
Operations trandation verification process | prepared in both English and

in place.

French, and a double
tranglation is carried out using
English and French source
documents  separatdly. In
TIMSS, the source language is
in English, and an independent
double trandation is carried
out.

Quality monitor

Both PISA and TIMSS have
similar procedures for marker
training and marker reliability
studies, national centre monitors
and school visits.
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Aspects of Specific Point Similarities Differences
Survey
Test Cdculator use In PISA, cdculators are
administration adlowed. In TIMSS, calculators

are allowed for only Part Il of
thetest.

More students have access to
caculators in PISA than in
TIMSS.
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CHAPTER 3- COMPARISON OF PISA AND TIMSSMATHEMATICSFRAMEWORKSAND
ITEM FEATURES

Approachesto the development of the mathematics assessment frameworks

74. PISA and TIMSS adopted different approaches to the development of the assessment
frameworks. Each survey developed the assessment framework to meet their objectives which are
somewhat different. In PISA, the aim is to assess the extent to which education systems have prepared 15-
year-olds “to play constructive roles as citizens in society” (p.24, OECD, 2003), so the assessment focuses
on “what are the skills citizens require to play constructive rolesin society?’. In TIMSS, the assessment is
to improve teaching and learning of mathematics, so the assessment provides information about student
achievement levels in relation to what students have learned in schools. This difference in the orientation
of the purposes of the two assessments led to the different approaches to the development of the
frameworks. A review of each framework is given below, followed by a comparison between the two
frameworks.

TIM SS mathematics assessment framewor k

75. The overdl design of TIMSS evolves around the TIMSS Curriculum Model where three levels of
curriculum, the intended curriculum, the implemented curriculum and the attained curriculum, form the
major organising principle of the TIMSS study (p.3. IEA, 2003b). Questionnaires designed for students,
teachers and school principals aim to capture the first two levels of curriculum structure, namely, the
intended curriculum and the implemented curriculum, while the assessment attempts to capture the attained
curriculum. TIMSS stresses that the usefulness of the TIMSS results to policy makers “depends on
achievement measures being based, as closely as possible, on what students in their systems have actually
been taught” (p.5. IEA, 2003b).

76. To ensure that the test contents are aligned with what students were taught in the participating
countries, a survey was conducted to collect information on the curricula in participating countries.
Mathematics topics that were regarded as important in a significant number of countries were included in
the framework. However, TIMSS stresses that “the frameworks do not consist solely of content and
behaviours included in the curricula of al participating countries’ (p.5., IEA, 2003b). The following six
factors underlie the principles of the incluson of mathematics content domains in the assessment
framework (p.5, |EA, 2003b):

¢ Inclusion of the content in the curricula of a significant number of participating countries;

e Alignment of the content domains with the reporting categories of TIMSS 1995 and TIMSS
1999;

o Thelikely importance of the content to future developments in mathematics and science
education;

e Appropriateness for the populations of students being assessed;
e  Suitability for being assessed in alarge-scale international study;

e  Contribution to overall test balance and coverage of content and cognitive domains.
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77. Of the six factors listed above, the third one does not quite fit in with the principle that the
achievement measures reflect what students have actually been taught, since there is an implication that, if
a topic is deemed important for future developments in mathematics, then it may be included whether or
not students have been taught the topic. From this point of view, the TIMSS framework is not completely
driven by national curricula. The framework also seeks to set some directions for future directions in
mathematics education.

78. There are two organising dimensions underlying TIMSS 2003 framework: Mathematics content
domains and mathematics cognitive domains. These are discussed separately below.

TIMSS mathematics content domains

79. Box 3.1 lists the five mathematics content domains in the TIMSS framework. Number, algebra,
measurement, geometry and data are familiar 1abels to mathematics educators, as they mirror closely the
content domains that are often found in the mathematics curricula of most countries. For more detail, refer
to the TIMSS 2003 Frameworks document (IEA, 2003b).

Box 3.1 The TIMSS mathematics content domains
There are five main content domains in the TIMSS 2003 mathematics assessment:
Number

Whole numbers

Fractions and decimals
Integers

Ratio, proportion and percent

Algebra

Patterns

Algebraic expressions
Equations and formulas
Relationships

Measurement

Attributes and units
Tools, techniques and formula

Geometry

Lines and angles

Two- and three-dimensional shapes
Congruence and similarity
Locations and spatial relationships
Symmetry and transformations

Data

Data collection and organisation
Data representation

Data interpretation

Uncertainty and probability
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80. The TIMSS framework document includes a list of topics covered by each content domain (see
Box 3.1), and, within each topic, a set of assessment outcomes to illustrate the specific tasks that students
will typically be assessed on.

81. For example, Box 3.1 lists four topics for the content area, number: whole numbers, fractions and
decimals, integers, and ratio, proportion, and percent. Within the topic area of ratio, proportion, and
percent, the assessment outcomes (topic bullets) are:

e Identify and find equivalent ratios.
e Divideaquantity inagivenratio.
o Convert percentsto fractions or decimals, and vice versa.

e  Solve problemsinvolving percents.

o  Solve problemsinvolving proportions.

82. The TIMSS framework appears very comprehensive in its lists of the main topics and assessment
outcomes within each content area. A check of the actual items in the TIMSS 2003 tests showed that, out
of atotal of 19 topics, only one topic (Data collection and organisation in the data content domain) was not
assessed in the TIMSS 2003 tests. Out of a total of 87 assessment outcomes (topic bullets), 67 were
covered by items in the actual tests'. However, some topic bullets were assessed by numerous items, while
others were assessed by only one item. The proportions of items in different content domains are given in
Table 3.1.

Table 3.1 Number and proportions of items in TIMSS by content domain

No. of Proportion [TIMSS International
Items in of items Target average of
TIMSS proportion |% of time
2003 of items taught in
tests schools
Number 57 30% 30% 21 %
Algebra 47 24% 25% 27%
Measurement 31 16% 15% 10%
Geometry 31 16% 15% 26%
Data 28 14% 15% 10%
Total 194 100% 100% 9406t
1. The total does not equal 100%, as 6% of the content domains reported by teachers are not covered by the five areas listed in
the table.
83. The last column in Table 3.1 shows the international average of the percentage of time in

mathematics class devoted to each TIMSS content area during the school year, as reported by teachers™.
There is some discrepancy between the proportions of itemsin TIMSS tests and the average percentages
of time the content domains are taught across all TIMSS participating countries. The TIMSS mathematics
framework does not use content coverage as the sole criterion for determining the relative weights of the

10. We obtained dightly different figures depending on whether we used the item list provided by the
Australian TIMSS National Research Coordinator, or the item list in the released data set.
11. Figures are obtained from Exhibit 7.4 of the TIMSS 2003 International Mathematics Report (IEA, 2003).
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content domains. Rather, the TIMSS framework “represents a consensus among the countries participating
in TIMSS 2003 about the mathematics students at these grades should be expected to have learned.” (IEA,
2003, p.180)

TIMSS mathematics cognitive domains

84. TIMSS mathematics cognitive domains relate to the types of cognitive skills required in doing
mathematics, generic across all mathematics content domains. To achieve abalanced test, it is desirable to
ensure that each type of skills and abilities is covered by a sufficient number of items. There are four
cognitive domainsin TIMSS 2003:

¢  Knowing facts and procedures

e Using concepts

e  Solving routine problems

¢ Reasoning
85. These four cognitive domains are listed in order of the complexity of the tasks, from
straightforward problems to complex tasks. However, the TIMSS framework stresses that cognitive
complexity should not be confused with item difficulty, in that there is a range of item difficulties
associated with each cognitive domain (IEA, 2003b, p.25. That is, within each cognitive domain, there are

easy items as well as difficult items. Asthese labels of cognitive domains are not necessarily familiar to
the reader, a brief description of each cognitive domain is given below.

Knowing facts and procedures

86. This cognitive domain covers basic language of mathematics and essential mathematical facts
and properties, as well as the use of mathematics for solving routine problems typically encountered in
everyday life. There are four categories of skills covered by this cognitive domain:

e Recall —eg., knowing number facts, mathematical conventions/notations.
e Recognise/identify — e.g., recognising different representations of the number system.
¢ Compute — e.g., carrying out arithmetic computation, expanding algebraic expressions.

o Usetools—e.g., reading scales, using straightedge and compass.
Using concepts

87. This cognitive domain is about the ability to make connections of knowledge, judge the validity
of mathematical statements and create mathematical representations. There are five categories of skills
under this cognitive domain:

e Know —e.g., knowing concepts such asinclusion and exclusion, generality, mathematical
relationships.
e Classify — e.g., grouping objects, shapes, numbers according to common properties.

e Represent —e.g., presenting information using tables, diagrams, graphs; moving between
equivalent representations of mathematical relationships.

o Formulate — e.g., modelling problems or situations with equations or expressions.
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e Distinguish —e.g., identifying valid and invalid inferences from questions and answers.
Solving routine problems

88. This cognitive domain relates to problem solving, where the problems are routine in that they are
typically encountered as classroom exercises or in textbooks. There are five categories of skills identified
under this cognitive domain:

e Sdect —e.g., choosing an appropriate algorithm or strategy to solve a problem

o Modd —e.g., generating an appropriate model using equations or diagrams.

e Interpret —e.g., understanding a given model presented as equations or diagrams.

o Apply —e.g., using knowledge of facts, procedures, and concepts to solve routine problems.

o Veify/Check — e.g., Checking and evaluating the correctness and reasonabl eness of the solution
Reasoning

89. This cognitive domain is about solving non-routine problems using logical, systematic thinking
and various forms of reasoning. Eight categories of skills have been identified in relation to this cognitive
dimension:

e  Hypothesize/Conjecture/Predict — e.g. discussing ideas, specifying an outcome resulting from an
unperformed operation

e Anayze-e.g. making valid inferences from given information, decomposing geometric figures

o Evaluate—e.g. critically evaluating mathematical ideas, methods, etc.

o Generdize—e.g. restating resultsin more widely applicable terms

e Connect —e.g. linking related mathematical ideas or objects

e  Synthesize/Integrate — e.g. combining results to solve a problem

e  Solve non-routine problems — e.g. applying mathematical proceduresin unfamiliar contexts

o Justify/Prove—e.g. providing evidence for the validity of a statement using mathematical results

0. The proportions of items classified by the TIMSS cognitive domains are given in Table 3.2.

Table 3.2 Proportions of items in TIMSS by cognitive domains

Proportion of items in TIMSS tests Target proportion of items
Knowing facts and procedures 23% 15%
Using concepts 19% 20%
Solving routine problems 36% 40%
Reasoning 22% 25%
Total 100% 100%

PISA mathematics assessment framewor k

91. The PISA mathematics framework begins with a formal definition of mathematical literacy for
OECD/PISA:
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Mathematical literacy is 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. (p. 24, OECD, 2003)

92. This definition, when stated alone, does not show how it differs from the mathematics
construct of TIMSS. In fact, the TIMSS framework states the following:

Prime reasons for inclusion of mathematics (in school curricula) are the increasing awareness that
effectiveness as citizens and success in the workplace are greatly enhanced by knowing and, more
important, being able to use mathematics. The number of vocations that demand a high level of
proficiency in the use of mathematics, or mathematical modes of thinking, has burgeoned with the
advance of technology, and with modern management methods. (p.30, IEA 2003b)

93. What makes the PISA mathematics framework different from the TIMSS framework, and
different from typical mathematics curricula in most countries, is the fact that PISA does not make the
assumption that school mathematics will necessarily prepare students to be mathematically literate in their
future lives as effective citizens. Thisis evident in the following:

Rather than being limited to the curriculum content students have learned, the assessments focus on
determining if students can use what they have learned in the situations they are likely to encounter
in their daily lives. (p.24, OECD, 2003)

94, That is, PISA sets out to establish the mathematical knowledge and skills required to be
mathematically literate citizens, and assesses students on these. This is a more direct way to obtain
measures of whether students can meet future challenges in life, rather than via a proxy that school
achievement in mathematics is an indicator of students’ capacity to use mathematics to solve everyday
problems. This orientation may have come about in recent years when mathematics educators
observed that many students regarded school mathematics as an academic discipline divorced from
real life (e.g., Bonotto, 2003; Verschaffel, Greer & de Corte, 2000). Further, the theory of Realistic
Mathematics Education (RME) developed in the Netherlands (de Lange, 1996; Gravemeijer, 1999) over
the past 30 years has gathered support from around the world (de Lange, 1996; Romberg & de Lange,
1998). Two principles underlie RME: (1) Mathematics must be connected to the real-world; (2)
Mathematics should be seen as a human activity.

95. PISA has not gone so far as claiming that schools are not preparing students adequately to be
mathematically literate citizens. But the approach PISA has adopted does not make the assumption that
schools do prepare students well. One would hope that the different approaches to organising the
mathematics assessment frameworks in PISA and TIMSS would not |ead to different results, since one
of the main aims of schooling must be to prepare students for their wellbeing in their future lives. If the
two surveys yield different results that cannot be explained by methodological differences, a close
examination would be called for to understand the differences.

96. The PISA approach to defining mathematical literacy stems from the definition of “literacy”
in James Gee's “Preamble to a literacy program” (1998) where literacy refers to the use of language.
Each human language has words and rules, but to use a language effectively, one needs to know how
to combine words and rules in complex ways to convey a vast array of ideas. Analogous to language,
mathematics also consists of building blocks such as symbols, terms and rules. But to use mathematics
effectively, one needs to know how to combine the building blocks of mathematics to solve specific
problems. That is, mathematics literacy is much more than just knowing mathematical symbols and
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rules. Mathematics literacy is about how people use their mathematical knowledge to actually solve
real-world problems.

97. PISA identifies three dimensions for the organisation of the mathematics framework. These
dimensions are: (1) situation or context; (2) mathematical content; and (3) mathematical processes. These
three dimensions are described below.

Situation/context dimension

98. The following paragraph from the PISA framework describes the situation/context dimension:

The situation is the part of the student’ s world in which the tasks are placed. It is located at a certain
distance from the students. For OECD/PISA, the closest situation is the students' personal life; next
is school life, work life and leisure, followed by the local community and society as encountered in
daily life. Furthest away are scientific situations. Four situation-types will be defined and used for
problems to be solved: personal, educational/occupational, public, and scientific. (p. 32, OECD,
2003).

99. The PISA framework specifies that, as far as possible, the target proportions of each
situation/context type should be about equal. The actual proportions of items by situation/context in the
PISA assessment are givenin Table 3.3.

Table 3.3 Number and proportions of mathematics items in PISA 2003 by situation/context dimension

Number of items Proportion of items
Personal 18 21%
Educational/occupational 20 24%
Public 29 34%
Scientific 18 21%
Total 85 100%
100. The PISA framework also discusses situation/context from the point of view of the distance

between the problem and the mathematics involved. Tasks involving only mathematical objects without
any reference to matters outside the mathematical world are termed “intra-mathematical”, while tasks
involving real-world objects are termed “extra-mathematical”. PISA places an emphasis on extra-
mathematical tasks. Of the 85 items, only one was classified as intra-mathematical (and this one was also
classified as “scientific” in Table 3.3), while all other items were extramathematical. That is, while
PISA does not preclude intra-mathematical tasks in the framework, the items in the actual assessment are
essentially all extra-mathematical.

PI SA mathematical content dimension — The overarching ideas

101. PISA adopts a phenomenol ogical organisation for mathematical content as described below:
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Since the goal of OECD/PISA is to assess students' capacity to solve rea problems, our strategy has
been to define the range of content that will be assessed using a phenomenological approach to
describing the mathematical concepts, structures or ideas. This means describing content in relation to
the phenomena and the kinds of problems for which it was created. This approach ensures a focus in
the assessment that is consistent with the domain definition, yet covers a range of content that
includes what is typicaly found in other mathematics assessments and in national mathematics
curricula. (p.34, OECD, 2003).

102. In other words, PISA considers the world around us, and categorises the tasks that are typically
encountered in everyday life, and uses these categories as the basis for organising the mathematics content.
This approach possibly explains why there is only one intramathematica item in the PISA test, since
intraemathematical tasks are not often encountered in most people' s everyday life, outside the school
environment.

103. Interestingly, PISA appears to suggest that the phenomenological approach is more inclusive than
school curriculum, as in the last sentence of the above quote, “This approach ... covers arange of content
that includes what istypically found ... in nationa mathematics curricula.” But from the point of view of
intracmathematical and extramathematical tasks, and that PISA focuses on individual’s “everyday life”
instead of focusing on mathematics as in “how mathematics is used in the world”, it would appear that
PISA’s approach results in a subset of the tasks found in national mathematics curricula. This point
will be further discussed later in this report.

104. On the other hand, PISA’s approach could be viewed as more inclusive from the point of view
that the tasks often involved skills from multiple (traditional) content domains, and no isolated knowledge
or skill istested without checking whether these skills can be applied to real-life situations.

105. It should be noted that PISA makes a distinction between approaches to assessment and teaching,
as the following paragraph shows:

Mathematical concepts, structures and ideas have been invented as tools to organise the phenomena of
the natural, social and mental world. In schools, the mathematics curriculum has been logically
organised around content strands (e.g., arithmetic, algebra, geometry) and their detailed topics that
reflect historicaly well-established branches of mathematical thinking, and that facilitate the
development of a structured teaching syllabus. (p. 34, OECD, 2003)

106. It is important to recognise that, while PISA organises the mathematic content differently from
typical school mathematics curriculum, PISA does not suggest that the organisation based on
phenomenological approach is necessarily appropriate for organising a structured teaching syllabus.
Clearly, students cannot be taught tasks involving skills from multiple content domains without having
been taught basic building blocks of mathematics knowledge and procedures in each content domain. This
distinction between assessment and teaching is an important one, in that the comparison between PISA and
TIMSS is focused on assessment, and not on teaching, although there is a strong relationship between the
two.

107. PISA’s phenomenologica approach to organising mathematics content identifies four areas,
called overarching ideas. The four overarching ideas are quantity, space and shape, change and
relationships, uncertainty. The PISA mathematics framework provides the following descriptions for
each of the four overarching ideas (OECD, 2003, pp. 36-37).
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Quantity

108. This overarching idea focuses on the need for quantification in order to organise the world.
Important aspects include an 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). Furthermore, quantity deals with the processing and understanding of numbers that are
represented to us in various ways.

1009. An important aspect of dealing with quantity is quantitative reasoning, Essential components
of quantitative reasoning are number sense, representing numbers in various ways, understanding the
meaning of operations, having a feel for the magnitude of numbers, mathematically elegant
computations, mental arithmetic and estimating.

Space and shape

110. Patterns are encountered everywhere: in spoken words, music, video, traffic, building
constructions and art. Shapes can be regarded as patterns: houses, office buildings, bridges, starfish,
snowflakes, town plans, cloverleaves, crystas and shadows. Geometric patterns can serve as relatively
simple models of many kinds of phenomena, and their study is possible and desirable at all levels
(Grinbaum, 1985).

111 The study of shape and constructions requires looking for similarities and differences when
analysing the components of form and recognising shapes in different representations and different
dimensions. The study of shapes is closely connected to the concept of “grasping space’. This means
learning to know, explore and conquer, in order to live, breathe and move with more understanding in the
space in which we live (Freudenthal, 1973).

112. To achieve this requires understanding the properties of objects and their relative positions. We
must be aware of how we see things and why we see them as we do. We must learn to navigate through
space and through constructions and shapes. This means understanding the relationship between shapes
and images or visud representations, such as that between a real city and photographs and maps of the
same city. It includes also understanding how three-dimensional objects can be represented in two
dimensions, how shadows are formed and must be interpreted, what perspective is and how it functions.

Change and relationships

113. Every natural phenomenon is a manifestation of change, and the world around us displays a
multitude of temporary and permanent rel ationships among phenomena. Examples are organisms changing
as they grow, the cycle of seasons, the ebb and flow of tides, cycles of unemployment, weather changes
and stock exchange indices. Some of these change processes involve and can be described or modelled by
straightforward mathematical functions: linear, exponential, periodic or logistic, either discrete or
continuous. But many relationships fal into different categories, and data analysis is often essential to
determine the kind of relationship that is present. Mathematical relationships often take the shape of
equations or inequalities, but relations of a more general nature (e.g., equivalence, divisibility, inclusion, to
mention but afew) may appear as well.

114. Functiona thinking — that is, thinking in terms of and about relationships — is one of the most
fundamental disciplinary aims of the teaching of mathematics (MAA, 1923). Relationships may be given a
variety of different representations, including symbolic, algebraic, graphical, tabular and geometrical.
Different representations may serve different purposes and have different properties. Hence trandation
between representations often is of key importance in dealing with situations and tasks.
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Uncertainty

115. The present “information society” offers an abundance of information, often presented as
accurate, scientific and with a degree of certainty. However, in daily life we are confronted with uncertain
election results, collapsing bridges, stock market crashes, unreliable weather forecasts, poor predictions for
population growth, economic models that don’t align, and many other demonstrations of the uncertainty of
our world.

116. Uncertainty is intended to suggest two related topics. data and chance. These phenomena are
respectively the subject of mathematical study in statistics and probability. Relatively recent
recommendations concerning school curricula are unanimous in suggesting that statistics and probability
should occupy a much more prominent place than has been the case in the past (Committee of Inquiry into
the Teaching of Mathematics in Schools, 1982; LOGSE, 1990; MSEB, 1990; NCTM, 1989; NCTM,
2000)..

117. Specific mathematical concepts and activities that are important in this area are collecting data,
data analysis and display/visualisation, probability and inference.

118. Table 3.4 shows the number and proportion of PISA items classified according to the
overarching ideas.

Table 3.4 Number and proportions of mathematics items in PISA 2003 by overarching ideas

Number of items Proportion of items

Quantity 23 27.0%

Space and shape 20 23.5%

Change and relationships 22 26.0%

Uncertainty 20 23.5%

Total 85 100.0%
Mathematical processes dimension

1109. The PISA mathematics framework deems the mathematical processes dimension to be the most

important one, and devotes lengthy discussions to it. As an introduction to describing the mathematical
processes dimension, the PISA framework begins with a description of the process of mathematisation
which characterises the way mathematics problems are solved in the real world (OECD, 2003, p.27).

120. There are five steps that characterise the process of mathematisation (OECD, 2003, p.38):

Starting with a problem situated in redlity
Organising it according to mathematical concepts

Gradually trimming away the reality through processes such as making assumptions about which
features of the problem are important, generalising and formalising (which promote the
mathematical features of the situation and transform the real problem into a mathematical
problem that faithfully represents the situation

Solving the mathematical problem

Making sense of the mathematical solution in terms of the real situation.

121. The cycle of mathematisation involves an iterative process of moving between a rea-world
problem to a mathematical problem, and then moving from a mathematical problem to a mathematical

37




EDU/WK P(2010)5

solution and then to a real solution. The process ends with making reflections of the solutions in terms of
the real-world problem.

The Competencies

122. To be able to successfully carry out the mathematisation process, an individual will need to draw
upon a number of competencies. PISA mathematics framework identifies eight competencies in relation to
the mathematisation process:

e Thinking and reasoning

e Argumentation

e Communication

e Moddling

e  Problem posing and solving

e Representation

e Using symbolic, formal and technical language and operations

e Useof aids and tools

123. Note that each of the above competencies can be described at different levels. The
mathematisation process required to solve a particular problem may draw upon different competencies at
different levels.

124. While an explication of these competencies is useful in teaching and learning, it is difficult to
assess these competencies individually, since problem-solving tasks typically involve a combination of the
competencies, and, in a large-scale assessment, the behaviours of students in relation to each competency
would be difficult to observe. Consequently, PISA summarises the competencies into three broad clusters:
the reproduction cluster, the connections cluster, and the reflection cluster. Each cluster involves all eight
competencies, but at different levels.

125. The PISA framework provides the following definitions for the three competency clusters.

The reproduction cluster

The competencies in this cluster essentially involve reproduction of practised knowledge. They
include those most commonly used in standardised assessments and classroom tests. These
competencies are knowledge of facts and of common problem representations, recognition of
equivalents, recollection of familiar mathematical objects and properties, performance of routine
procedures, application of standard algorithms and technical skills, manipulation of expressions
containing symbols and formulae in standard form, and carrying out computations. (p.42, OECD,
2003)

The connections cluster

The connections cluster competencies build on the reproduction cluster competencies in taking
problem solving to situations that are not simply routine, but till involved familiar, or quasi-familiar,
settings. (p.43, OECD, 2003)
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The reflection cluster

The competencies in this cluster include an element of reflectiveness on the part of the student about
the processes needed or used to solve a problem. They relate to students' abilities to plan solution
strategies and implement them in problem settings that contain more elements and may be more
“origind” (or unfamiliar) than those in the connections cluster. (p.46, OECD, 2003)

Classifying items according to competency clusters

126. Each PISA item was classified into one of the three competency clusters. The classification
process involved an examination of the levels of the eight competencies required to answer an item. An
item is assigned to a competency cluster according to the highest level of the competencies required. The
following table shows the number of PISA itemsin each of the competency clusters.

Table 3.5 Number and proportions of mathematics items in PISA 2003 by competency clusters

Number of items Proportion of items
Reproduction 26 31%
Connection 40 47%
Reflection 19 22%
Total 85 100%

A Comparison of PISA and TIMSS Mathematics Frameworks

127. TIMSS mathematics framework identifies two dimensions to ensure coverage of mathematics
assessment tasks: content domains and cognitive domains. PISA mathematics framework identifies three
dimensions for coverage of mathematics assessment tasks: situation/context dimension, content dimension
and processes dimension. Of these three dimensions, PISA’s content dimension can be related to TIMSS
content domains, while PISA’ s processes dimension can be related to TIMSS' cognitive domains.

128. TIMSS does not explicitly state a situation/context dimension as PISA does. This is not
surprising, since PISA stresses on assessing students’ capacity to solve problems encountered in life, PISA
items are typically embedded within some situation/context. In contrast, to test knowledge and skills based
on curriculum topics, many TIMSS items do not involve matters outside the mathematical world (“intra-
mathematical”). Thisis an important distinction between the assessments of PISA and TIMSS.

A comparison of PISA’s content dimension with TIMSS' content dimension

129. TIMSS content dimension identifies five content domains: number, algebra, measurement,
geometry and data. These content domains are familiar to most mathematics educators as many school
mathematics curricula and textbooks are organised around these content domains. In contrast, PISA’s
content dimension consists of four overarching ideas: quantity, space and shape, change and
relationships, and uncertainty. This classification is less familiar to mathematics educators. To facilitate
comparisons between PISA overarching ideas and TIMSS content domains, PISA items were classified
according to TIMSS content domains, as shown in Table 3.6. Discussions about the rel ationships between
each PISA overarching idea and the TIM SS content domains are given following Table 3.6.
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Number of PISA items by TIMSS content domains
Table 3.6 Tally of PISA items classified by PISA overarching ideas and TIMSS content domains

PISA overarching ideas

Quantity Space and Change and Uncertainty Total
shape relationships

TIMSS Number 23 1 3 5 32
content Algebra 7 7
domains Measurement 6 2 8

Geometry 12 12

Data 1 10 15 26

Total 23 20 22 20 85
Quantity
130. This overarching idea is not dissimilar to the number strand in TIMSS. It can be seen from Table

3.6 that all 23 quantity items were classified as TIMSS number content domain. However, there are quite a
few non quantity items also classified as TIMSS number strand. That is, it appears that the PISA guantity
domain is a subset of TIMSS number domain. Box 3.2 shows a PISA quantity item that has been classified
as number against TIMSS content domains.

Box 3.2 An example PISA quantity item classified as number against TIMSS content domains

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 1: EXCHANGE RATE M413Q01-0 1 9

Mei-Ling found out that the exchange rate between Singapore dollars and South African Rand
was:

1SGD =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?

131. Box 3.3 shows a PISA item that has been classified as TIMSS number content domain, but as
PISA space and shape overarching idea. For this item, while the underlying operation to be carried out is
division (which is part of the number content domain), but the mathematisation process relates to dealing
with space and shape to identify the relevant information before the division operation could be carried out.
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Box 3.3 An example PISA quantity item classified as number against TIMSS content domains

STAIRCASE

Plateau
Step-height ‘/

Step-depth Total height 252 cm

Total depth 400 cm

The diagram below illustrates a staircase with 14 steps and a total height of 252 cm:

Question 1: STAIRCASE M547Q01

What is the height of each of the 14 steps?

Space and shape

132. Judging from the PISA items that have been classified as space and shape, it appears that this
overarching idea covers some topics of geometry and measurement as defined by the TIMSS
framework, for example, two- and three-dimensional shapes and estimates of length, circumference,
area and volume. However, checking through the list of TIMSS topics under measurement and
geometry, it appears that many topics are not cover by PISA space and shape domain, such as those
listed under lines and angles, or under congruence and similarity. In TIMSS, measurement and geometry
cover a significant number of topics of formal definitions and operations involving lines, angles,
polygons, Euclidean and Coordinate Geometry. Since these are often intra-mathematical, PISA does
not seem to cover these kinds of knowledge and skills. A check in Table 3.6 shows that most of the
PISA space and shape items are classified as geometry or measurement under TIMSS classification
scheme. But not all TIMSS geometry and measurement items are included under PISA space and
shape overarching idea.

133. Box 3.4 shows a PISA item classified as space and shape in PISA, and as measurement
against TIMSS content domains.
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Box 3.4 An example PISA space and shape item classified as measurement against TIMSS content domains

CARPENTER

Question 1: CARPENTER M266Q01

A carpenter has 32 metres of timber and wants to make a border around a garden bed. He is
considering the following designs for the garden bed.

6m 6m

<« 10m — > <«  10m — >
6m 6m

<« 10m — — > <« 10m — >

Circle either Yes or No for each design to indicate whether the garden bed can be made with 32
metres of timber.

Garden bed design Using this design, can the garden bed be made with 32
metres of timber?

Design A Yes / No

Design B Yes / No

Design C Yes / No

Design D Yes / No

Change and relationships
134. From the definitions for this overarching idea, it seems reasonable to map the overarching idea

of change and relationships to the traditional curriculum strand algebra. Indeed, the four PISA items
classified as TIMSS content domain algebra are change and relationships items in PISA (see Table 3.6).
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However, alarge number of items classified as change and relationships in PISA are classified by other
traditional strands, with the most number in the data strand. This may not be surprising as the
descriptions linking change and relationships to natural phenomenon include statistical data such as for
unemployment or the stock exchange. Looking down the column of change and relationships in Table
3.6, the items appear as number, algebra, measurement, and data items by TIMSS content domains. This
shows that the overarching idea, change and relationships, plays a part in most of the traditiona
mathematics strands. From this point of view, change and relationships is probably the least well
matched overarching idea among the four to traditional curriculum strands.

135. Box 3.5 shows two PISA change and relationships items classified as TIMSS measurement
content domain

Box 3.5 An example PISA change and relationships item classified as measurement against TIMSS content
domains

INTERNET RELAY CHAT

Mark (from Sydney, Australia) and Hans (from Berlin, Germany) often communicate with each
other using “chat” on the Internet. They have to log on to the Internet at the same time to be able
to “chat”.

To find a suitable time to “chat”, Mark looked up a chart of world times and found the following:

Greenwich 12 Midnight Berlin 1:00 AM Sydney 10:00 AM

Question 1: INTERNET RELAY CHAT M402Q01-0 1 9

At 7:00 PM in Sydney, what time is it in Berlin?

Question 2: INTERNET RELAY CHAT M402Q02-0 1 9

Mark and Hans are not able to chat between 9:00 AM and 4:30 PM their local time, as they have
to go to school. Also, from 11:00 PM till 7:00 AM their local time they won'’t be able to chat
because they will be sleeping.

When would be a good time for Mark and Hans to chat? Write the local times in the table.

Place Time

Sydney

Berlin
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Uncertainty

136. This overarching idea can be linked to TIMSS' data strand. Interestingly, while this strand
covers chance and data, TIMSS chooses to label it data, and PISA chooses to label it uncertainty (chance).
It might be less confusing if both surveys just use the label chance and data as for traditional curriculum
mathematics strand. Of the 20 items classified as uncertainty in PISA, 15 are classified as data, but five are
classified as number. These five items involve computing averages and percentages, which could be
regarded as number or data (statistics). Box 3.6 shows a PISA uncertainty item classified as number (topic
percentages) against TIMSS content domains.

Box 3.6 An example PISA uncertainty item classified as number against TIMSS content domains

Total annual exports from Zedland in Distribution of exports from
millions of zeds, 1996-2000 Zedland in 2000

45

42.6
40 | 37.9
35
Cotton fabric Other
30 26%
254 201
25
20.4
20 4 y
eat
Woo
15 A 50 14%
101 Tobacco
7% Tea
57 Fruit juice 5%
0 9% Rice

1996 1997 1998 1999 2000
Year

13%

EXPORTS

currency.

The graphics below show information about exports from Zedland, a country that uses zeds as its

Question 2: EXPORTS M438Q02

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

137. The last column in Table 3.6 shows the number of PISA items as classified by TIMSS content
domains. Notably there are few PISA items in the algebra domain, and a relatively large number of
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items in the number and data domains. This is not surprising, given that PISA defines the assessment
through an examination of the range of quantitative reasoning used by citizens in everyday life in
situations such as “shopping, travelling, cooking, dealing with personal finances, judging political
issues, etc.” (p.24, OECD, 2003). Such a list of situations/contexts appears to preclude applications of
advanced mathematics in very specialised fields, such as the use of transformational geometry in
animation, solving differential equations in engineering, forecasting trends and building mathematical
models using calculus. While these applications may well be beyond that expected of 15-year-olds and
do not appear in either PISA or TIMSS, the underlying mathematical concepts stem from algebra. That
is, while ordinary citizens are not required to know a great deal of algebra to become mathematically
literate citizens, specialists in mathematics do need to have knowledge in algebra. Algebrais needed for
the advance of the modern world, but needed only by a few specialists who can work with technological
developments This seems the key distinction between the orientations of the PISA and TIMSS
frameworks, where PISA focuses on everyday needs of citizens in terms of using mathematics, while
TIMSS focuses on mathematics as a discipline to be used for potential applicationsin all fields.

138. Finaly, with regard to mathematics content classifications, PISA does not provide further
breakdown beyond the overarching ideas. This is a mechanism to avoid testing fragments of skills. While
this reflects the emphasis on literacy in PISA, for the purposes of this report such a broad classification
scheme poses a potential problem. The classification of a PISA item into one traditional mathematics
content domain is a matter of judgement, as the framework is not designed with this in mind. In
particular it is challenging to map items in the change and relationships overarching idea to traditional
content domains. Consequently, it is acknowledged that the classification of PISA test items by traditional
mathematics content domains could vary considerably.

Number of TIMSSitems by PISA overarching ideas

139. A further comparison between PISA and TIMSS frameworks is illustrated by a re-classification
of TIMSS items by PISA overarching ideas. Table 3.7 shows the distribution of TIMSS items cross-
classified by TIMSS content domains and PISA overarching ideas.

Table 3.7 Tally of TIMSS items classified by PISA overarching ideas and TIMSS content domains

PISA overarching ideas

Quantity Space and Change and Uncertainty Total
shape relationships
TIMSS Number 51 3 3 57
content Algebra 13 1 33 a7
domains Measurement 15 15 1 31
Geometry 30 1 31
Data 1 10 17 28
Total 80 49 48 17 194

Table 3.7 shows that PISA overarching idea Quantity is closely related to TIMSS Number content domain,
Space and Shape to TIMSS Geometry and Measurement content domains, Change and relationships to
TIMSS Algebra content domain, and Uncertainty to TIMSS Data content domain. In addition, the TIMSS
test does not have many items classified as PISA Uncertainty overarching idea.

A comparison of PISA’s processes dimension with TIMSS' cognitive domains

140. The descriptions for PISA’ s processes dimension are not dissimilar to those for TIMSS cognitive
domains. Both are concerned with cognitive demands (other than mathematics content) in the process of
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solving a mathematics problem. Below are some comparisons between the three PISA competency clusters
and the four TIMSS cognitive domains.

141. The PISA reproduction cluster can be linked to TIMSS cognitive domain knowing facts and
procedures, and perhaps also covers some of the skills listed in TIMSS using concepts domain. The PISA
connections cluster can be related to TIMSS using concepts and solving routine problems domains. The
PISA reflection cluster can be linked to TIMSS reasoning domain, where non-routine problems are
presented to students.

142. To facilitate comparisons between PISA competency clusters and TIMSS cognitive domains,
PISA items were classified according to TIMSS cognitive domains. Table 3.8 shows a tally of the PISA
items cross-classified according to PISA competency clusters and TIMSS cognitive domains.

Table 3.8 Tally of PISA items classified by PISA competency clusters and TIMSS cognitive domains

PISA competency clusters

Reproduction Connections Reflection Total

TIMSS cognitive Knowing facts 15 8 0 23
domains and procedures

Using concepts 5 8 1 14

Solving routine 4 8 3 15

problems

Reasoning 2 16 15 33

Total 26 40 19 85

143. As expected, most of the items classified as PISA reproduction items are classified as TIMSS
knowing facts and procedures items. And most of the items classified as PISA reflection items are
classified as TIMSS reasoning items. However, for items classified as PISA connections items, there is a
spread across the TIMSS classifications, but with more items in the TIMSS reasoning domain. Overall,
the proportions of PISA items classified by TIMSS cognitive domains are quite different from the
proportions of TIMSS items in the cognitive domains (compare with Table 3.2) where the most number of
TIMSS items are in the solving routine problems domain, and the most number of PISA items are in the
reasoning domain. It appears that PISA has succeeded in moving a little away from routine problem
solving, and moving towards assessing students' ability to solve non-routine problems. However, about
one quarter of the items are still in the knowing facts and procedures domain, where students are assessed
on recall and applications of basic procedures. The inclusion of these lower level items is necessary,
otherwise students at lower levels on the mathematica proficiency scale will not find PISA tests
accessible. Nevertheless, the differences between PISA and TIMSS in the distributions of items across the
cognitive domains reflect the different approaches to the devel opment of the frameworks.

Characteristics of testsand items

144, In this section, item features, such as item format, unit structure, and amount of reading involved,
are compared between PISA and TIMSS.

[ tem Format
145. Both PISA and TIMSS use multiple-choice and constructed-response item formats, as both
surveys recognise that a multiple-choice format is not suited for students to demonstrate their abilities to

communicate solutions, make interpretations, construct models and perform other more complex tasks.
On the other hand, the cost of scoring constructed-response items can become prohibitively expensive in
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large-scale assessments, so the objectively scored multiple-choice item format is also used. Table 3.9
shows the proportions of items in multiple-choice or constructed-response format for the two surveys.

Table 3.9 Proportions of items by item format

PISA TIMSS
Multiple-choice 33% 66%
Constructed-response 67% 34%

146. Table 3.9 shows that PISA has far more items in constructed-response format than TIMSS. In
fact, two thirds of the items in PISA are in constructed-response format, while only one third of the items
in TIMSS are in constructed-response format.

147. In general, constructed-response items are more discriminating than multiple-choice items (e.g.,
Routitsky and Turner, 2003), so one would expect PISA tests to show higher test reliability than TIMSS if
the same number of items is administered. However, TIMSS tests have a higher test reliability than PISA
tests (see the section Amount of assessment material in Chapter 2), as more items are administered in
TIMSS, on average, to each student, even though the administration time is shorter. That is, TIMSS items
tend to be shorter items, while PISA items require more time to answer. For example, PISA items have
more words in the questions, and will require more time to process the information. The following section
compares the amount of reading in PISA and TIMSS.

Amount of reading

148. PISA items involve more reading than TIMSS items. To convey rea-world problems situations,
more words are required to explain about the problem setting, the constraints, and other parameters that
will need to be assumed. A sample of items was randomly selected from PISA and TIMSS, and the number
of words in the stem of each item is recorded, as shown in Table 3.10.

Table 3.10 Number of words in item stem in randomly selected PISA and TIMSS items

TIMSS cluster M02 Number of words in PISA booklet 3 Number of words in

Question number item stem Question number item stem
1 19 1 55
2 25 2 59
3 32 3 33
4 20 4 72
5 23 5 30
6 34 6 130
7 5 7 78
8 9 8 33
9 55 9 78
10 35 10 12
11 18 11 34
12 18 12 50
13 11 13 53
14 6 14 23
15 22 15 101
Mean 22 Mean 56
Standard deviation 13 Standard deviation 32
Standard error 3.4 Standard error 7.9
149. From a random sample of 15 items in TIMSS and 15 items in PISA, the average number of

words in a PISA item stem is about twice as many as the average number of wordsin a TIMSS item stem.
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That is, the reading load is considerably heavier in PISA than in TIMSS. In addition, PISA items require
more interpretation of the problem statements over and above the straightforward reading of words.

Unit structure

150. Given the amount of texts required in PISA to explain problem settings and contexts, it is often
more efficient to ask more than one question within a problem setting, to reduce the amount of reading for
each individual task. In cases where more than one question is asked in relation to one stimulus material,
the group of questions is referred to as a unit. In PISA, 41% of the items are stand-alone items, while the
rest are grouped in units. In TIMSS, 85% of the items are stand-alone items. The effect of having unit
structures instead of stand-alone items is that items within a unit are typically more similar to each other,
thus violating the local independence assumption of items under item response modelling. That is, items
within a unit could potentially collect the same piece of information, rather than independent pieces of
information, about a student’ s proficiency being assessed. This, of course, will be the extreme case. In fact,
in PISA, care was taken to ensure that the correctness of a response for an item would not depend on the
correctness of the answer on another item. But it is possible that students may have some familiarity (or
unfamiliarity) with particular contexts and situations, and the correctness of the responses to items within a
unit could be alittle more similar than they would have been, had the contexts/situations been completely
different. Therefore, instead of having collected, say, 20 independent pieces of information, one had only
collected 18 pieces of information, Consequently, the reported test reliability could be a little inflated. The
achievement scores, however, are not expected to be biased due to the use of units in the assessment, since
duplicate information would still be “correct” information.

Summary
151. This chapter compares PISA and TIMSS frameworks and notes smilarities and differences. The

extent of the impact of these differences on achievement resultsis discussed in Chapter 4. The following is
asummary of similarities and differences between the PISA and TIMSS frameworks.
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Aspects of the Similarities Differences
Frameworks

Approach Both PISA and TIMSS framework | PISA framework is primarily expert driven
development involved extensive | with endorsements by countries. TIMSS
consultative processes with | framework is primarily country driven with
participating countries and | endorsements by experts.
mathematics education experts.

Organising Both PISA and TIMSS organise the

principles framework with content and cognitive
dimensions

Content TIMSS adopts traditional mathematics

organisation content domains: Number, algebra,

measurement, geometry and data.

PISA uses phenomenological approach to
categorise problems based on the kinds of
applications  of mathematics.  Four
overarching ideas are identified: quantity,
space and shape, change and
relationships, uncertainty.

Content balance

TIMSS covers a wider range of curriculum
contents than PISA. PISA has few items in
algebra, measurement and geometry, but
more items in number and data.

Cognitive
dimension

While the labels are different for areas
of the cognitive dimension, both PISA
and TIMSS describe  cognitive
processes (or competencies) in terms
of progressions from simple to complex
tasks, with knowing facts/reproduction
at the lowest level, and
reasoning/reflection at the highest
level.

Item format

Two-thirds of the items in TIMSS are of
multiple-choice format, while only one-third
of the items in PISA are multipl-choice
items

Amount of reading

On average, PISA items have around twice
as many words as TIMSS items.
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CHAPTER 4 - COMPARISON OF PISA AND TIMSSACHIEVEMENT RESULTS

152. This chapter compares PISA and TIMSS mathematics achievement scores for countries
participating in both surveys, and identifies factors that are associated with the observed differences in
results.

Comparisons of country mean scor es

153. In reporting student scores, both PISA and TIMSS transformed students' IRT scores into a metric
that had a mean of 500 and a standard deviation of 100 based on a specified reference population. In PISA,
for mathematics the reference population was the group of OECD countries in the 2003 survey, while in
TIMSS, the reference population was the group of participating countries in 1995 Grade 8 TIMSS
mathematics survey (this was to ensure comparability of results to the 1995 data). Consequently, PISA and
TIMSS do not have strictly aligned definitions for central location and spread for the distributions of
reported scores, given that the reference populations are different (See Box 4.1 for explanations of centra
location and spread of distributions). That is, a value of 500 in PISA is not directly comparable to a value
of 500 in TIMSS, since 500 is the mean for a different set of countriesin PISA than in TIMSS. Further,
one PISA score point is not the same as one TIMSS score point in representing achievement differences,
since the scores have been multiplied by a factor proportiona to the standard deviation of the respective
scores distribution. Consequently, a direct comparison of the reported scores of countries in TIMSS and
PISA is only valid for comparing rankings of countries, but not how far apart the countries are from each
other.

154. The reported PISA and TIMSS country mean scores for the 22 countries/regions that participated
in both PISA and TIMSS are shown in Table 4.1 in columns 2 and 5, with associated standard errors for
the means in columns 3 and 6. It is important to note that data for England are included in this report for
illustration, but that England did not meet the required response rates and therefore did not satisfy the
technical requirements to confidently say that results were comparable internationally in both the TIMSS
and PISA 2003 surveys. For example, the country average for England was not published in the release of
the PISA 2003 initial results (OECD, 2004). All achievement results for England should therefore be
interpreted with caution.
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Box 4.1 Central Location and Spread of Distributions

The following are two example distributions of mathematics scores for two groups of students. It can be seen that
the performance of the first group is lower than that of the second group, in that the distribution of the first group is
further to the left of the scale (i.e., lower scores). To describe the general “location” of a distribution, statistics such as
mean and median are useful. These statistics are referred to as statistics for central tendency. They provide

information about where the “centre” of the distribution is located.

Further, it can be seen that the distribution for the first group is more spread out than that for the second group.
That is, the range of scores for the first group is wider. Statistics such as range and variance are useful to describe the

spread of a distribution.
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155. The countriesin Table 4.1 are arranged in decreasing order of PISA country means (column 2). A
glance down the column of TIMSS country means (column 5) shows that these are also in approximately
decreasing order, with some disordering. For example, while the Flemish Community of Belgium has a

51



EDU/WK P(2010)5

similar mean score to Hong Kong-Chinain PISA, there is alarge difference in TIMSS scores between the
two regions. The correlation between PISA and TIMSS country mean scores is 0.84, showing that, in
general, there is a reasonable agreement between the results of the two surveys. Note that Indonesia and
Tunisia have mean scores much lower than those of the other countries. If these two countries are omitted
in the table, the correlation between the remaining 20 countries is 0.66, which till indicates an association
between the PISA and TIMSS scores, athough the relationship is not extremely strong.

156. To facilitate comparisons between PISA and TIMSS scores, two sets of standardised scores were
computed. The PISA country mean scores were standardised to have a mean of zero and a standard
deviation of one (column 4) for the 22 countries. Similarly, TIMSS country mean scores were standardised
to have a mean of zero and a standard deviation of one (column 7) for the same set of countries. That is, a
value of 1.01 for Hong Kong-China in PISA indicates that the mean PISA score for Hong Kong-China is
1.01 PISA standard deviations away from the average of the 22 country means. Similarly, a value of 1.66
for Hong Kong-China in TIMSS indicates that the mean TIMSS score for Hong Kong-China is 1.66
TIMSS standard deviations away from the mean of the 22 countries. That is, the TIMSS score for Hong
Kong-China is actually relatively higher than the PISA score when measured in terms of the “distances’
from the other countries under comparison.

157. These standardised scores are now comparable between PISA and TIMSS. Had countries
performed in the same way in PISA and TIMSS, one would expect the standardised PISA and TIMSS
scores to be very similar for each country. If a country has very different standardised scoresin PISA and
in TIMSS, then one might conclude that the country performed differently in PISA and in TIMSS.
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Table 4.1 PISA and TIMSS country mean scores for countries participating in both Surveys in 2003

PISA TIMSS

Country | Standard Standardised Country | Standard | Standardised

mean error score mean error score
Belgium (FI.) 553 (2.1) 1.04 537 (2.8) 0.63
Hong Kong-China 550 (4.5 0.99 586 (3.3 172
Korea 542 (3.2 0.83 589 (2.2 1.79
Quebec, Canada 541 (5.0) 0.81 543 (3.0) 0.77
Netherlands 538 (3.2 0.74 536 (3.8) 0.61
Japan 534 (4.0) 0.67 570 (2.1) 1.37
Ontario, Canada 531 (3.5 0.61 521 (3.1 0.28
Australia 524 (2.2) 0.48 505 (4.6) -0.08
Scotland 524 (2.3) 0.47 498 (3.7) -0.23
New Zealand 523 (2.3) 0.47 494 (5.3) -0.32
Sweden 509 (2.6) 0.19 499 (2.6) -0.21
England® 507 (2.9) 0.15 498 (4.7) -0.23
Basque country, Spain 502 (2.8) 0.05 487 2.7 -0.48
Slovak Republic 498 (3.3) -0.02 508 (3.3) -0.01
Norway 495 (2.4) -0.08 461 (2.5) -1.05
Hungary 490 (2.8) -0.18 529 (3.2 0.46
Latvia 483 (3.7) -0.30 508 (3.2 -0.01
United States 483 (2.9) -0.31 504 (3.3) -0.10
Russian Federation 468 (4.2) -0.59 508 (3.7) -0.01
Italy 466 (3.2 -0.65 484 (3.2 -0.54
Indonesia 360 (3.9) -2.68 411 (4.8) -2.16
Tunisia 359 (2.5) -2.70 410 (2.2) -2.18
Average 499 508 0.00
Standard deviation 51.9 45.1 1.00

1. England did not achieve the required response rate set by PISA and set by TIMSS for ensuring that a representative sample is
drawn for the country. The reliability of the mean scores therefore should be treated with some reservation.

158. The distances between countries in standardised PISA and TIMSS scores for the 22 countries

are shown graphically in Figure 4.1
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Figure 4.1 Plot of PISA and TIMSS standardised country mean scores
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159. A number of observations can be made about Figure 4.1. First, for TIMSS scores, thereisalarge
“gap” between Asian countries and other countries, while, for PISA scores, the “distance” between Asian
countries and other countries narrows. This means that there is a greater difference between the group of
Asian countries and other countries in performance on the TIMSS test. This difference is not so marked
in PISA. Second, there appears to be more separation between countries in achievement levels in PISA,
while, in TIMSS, there is a clustering of countries around the overall mean score. Third, the countries that
“moved up” from PISA to TIMSS are mostly Asian countries and Eastern European countries, and the
countries that moved “down” from PISA to TIMSS tend to be Western countries. As a consequence, most
English-speaking countries are ahead of Eastern European countries in PISA, but many of them are behind
Eastern Europeans countriesin TIMSS. This difference is more clearly shown in Figure 4.2. The countries
above the line are those that performed relatively better in TIMSS while those below the line performed
relatively better in PISA within the comparison of the 22 countries.

Figure 4.2 Standardised country mean scores: PISA 2003 versus TIMSS 2003
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1. England did not meet participation requirements either in TIMSS 2003 or PISA 2003. Mean scores therefore are not comparable to
those of other participating countries.

160. Interestingly, the same pattern of differences was observed between PISA 2000 and TIMSS 1999
results (Wu, 2005), where countries with higher standardised PISA mean scores were Austraia, Canada,
Finland, New Zealand, the United Kingdom and the United States, and countries with higher standardised
TIMSS scores were the Czech Republic, Hungary, Italy, Japan, Korea, Hong Kong-China, Latvia and the
Russian Federation. The consistent findings for two PISA and TIMSS cycles indicate that the observed
pattern is unlikely to be due to chance. There is likely to be systematic differences between the PISA and
TIMSS tests in relation to systematic differences in education systems in countries. The following sections
present an examination of possible factors to explain the observed performance differences.
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Explaining the Differ ences between PISA and TIM SS Results

161. To identify factors that may explain the observed differences between PISA and TIMSS country
rankings as shown in Figure 4.2, test characteristics of PISA and TIMSS are examined, with a focus on
those characteristics where PISA and TIMSS differ. These include age/grade sampling method,
mathematics content differences and reading demand of test items (see Chapters 2 and 3).

Y ears of Schooling and Age at time of testing

162. In Chapter 2, age and grade differences between PISA and TIMSS were discussed. TIMSS
population definition controls for the number of years of schooling, but the age of students varies more
across countries than in PISA. In PISA, the age of sampled students is controlled, but the number of years
of schooling varies across countries. Could these explain, at least in part, the observed differencesin results
between the two surveys? To answer this question, we first examine the inter-relationship between the two
variables: age at time of TIMSStesting, and years of schooling at time of PI1SA testing. We then relate these
variables to achievement results.

163. For each country, the average age a time of TIMSS 2003 testing is given in the TIMSS
mathematics report (Exhibit 2, IEA, 2003). Table 4.2 (column 2) shows the average age for Korea and
Norway, as an example.

Table 4.2 Relationship between age at time of testing in TIMSS and years of schooling at time of testing in

PISA
Average age at time of Number of years of schooling
TIMSS test at time of PISA test
(at 8 years of schooling) (at 15.7 years old)
Korea 14.6 around 9
Norway 13.8 around 10

164. Korea s sample in TIMSS has an average age of 14.6. That is, students with 8 years of schooling
in Koreaare around 14.6 years of age. Therefore, when studentsin Koreareach 15.7 years old (the average
of the PISA sample), one would expect the students to have 9 years of schooling. Similarly, for Norway,
students are 13.8 years of age when they are in Grade 8. One would then expect 15.7 year-olds (the PISA
sample) to be in Grade 10. More generally, the number of years of schooling at time of PISA testing can be
approximately given by

number of years of schooling at time of PISA testing = (15.7 — age at time of TIMSStesting) + 8,

as (15.7 — age at time of TIMSStesting) gives the additional number of years of schooling between TIMSS
and PISA population definitions, to the 8 years of schooling controlled for in the TIMSS samples. So, in
fact, the two variables, age at time of TIMSS testing, and years of schooling at time of PISA testing are
essentially the same variable, as one is alinear transformation of the other:

number of years of schooling at time of PISA testing = 23.7 — age at time of TIMSStesting D

165. To verify this relationship between age at time of TIMSStesting, and years of schooling at time of
PISA testing, an attempt was made to compute the average years of schooling at the time of testing in PISA
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using information from the PISA survey. An approximate estimate was made based on the following three
pieces of information:

6. The grade variable from the PISA student questionnaire. This variable is meant to provide the
number of years of schooling. However, it turned out that this variable alone was too “coarse” for
the purpose of estimating years of schooling to the accuracy of fractions of ayear.

7. Thestart of the academic year in each country.
8. Theactua testing date of PISA in each country.

166. Combining (2) and (3), one is able to estimate fractions of a year of schooling of the Grade the
students were placed at the time of PISA testing. It should be noted that there is not a great dea of
confidence that the grade variable (point 1, above) actually captures the number of years of schooling that
is comparable across countries. The estimated number of years of schooling for each country, derived as
described, is shown in Table 4.3, as well as the age at the time of testing for TIMSS, for comparison. The
entries are arranged in increasing order of the number of years of schooling at the time of testing of PISA,
as estimated from PISA data.
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Table 4.3 Number of years of schooling at the time of PISA testing (estimated from PISA data) versus Average
age at time of TIMSS testing

Number of years| Average age at time

of schooling at the | of TIMSStesting

time of PISA

testing (estimated

from PISA data)
Tunisia 8.52 14.8
Latvia 8.52 15
Sweden 8.67 14.9
Hungary 8.79 145
Indonesia 8.96 145
Netherlands 9.18 14.3
Hong Kong-China 9.20 144
Slovak Republic 9.21 14.3
Korea 9.25 14.6
Japan 9.29 144
Belgium (FI.) 9.29 141
Russian 9.32 14.2
ltay 9.40 13.9
Spain-Basgue 9.40 14.1
Canada-Ontario 9.48 138
Canada-Quebec 9.48 14.2
New Zealand 9.51 141
United States 9.55 14.2
Australia 9.63 13.9
Norway 9.66 13.8
England 10.31 14.3
Scotland 10.69 13.7

167. Table 4.3 shows that, by and large, PISA students in the Western countries tend to have had a
higher number of years of schooling than the PISA students in Asian and Eastern European countries. At
the same time, there appears to be a negative relationship between the number of years of schooling at the
time of testing of PISA and the age at the time of testing of TIMSS, as one would expect from equation (1).
This relationship can be seen more readily in a scatter plot of the two variables, as shown in Figure 4.3.
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Figure 4.3 PISA years of schooling versus TIMSS age of testing
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168.

The correlation between PISA years of schooling (estimated from PISA data) and TIMSS age of

testing is -0.77 (R? = 0.59), showing a strong relationship between these two variables. Thisis particularly
striking given that the variable, number of years of schooling in PISA, was an approximation constructed
for this report. Consequently, the age at time of TIMSS testing could be regarded as a proxy variable for
years of schooling in PISA, given the theoretical relationship between these two variables as shown in
Equation (1), as well as the empirical validation of the relationship as shown in Figure 4.3. England and
Scotland appear to be outliers in Figure 4.3. If England and Scotland are removed from Figure 4.3, the
correlation between the two variables is -0.9. This strong relationship between the two variables in Figure
4.3 suggests that Grade-based samples in TIMSS have been well controlled for the number of years of

schooaling.
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Box 4.2 The interpretations of R and R%in regression models

Consider a regression analysis where a dependent variable Y is to be explained, or predicted, by an independent
variable, X. The regression equation can be written as

Y =a+bX

where ais called a regression constant and bDis a regression coefficient. @ and D are to be estimated in the
regression analysis from the ( X and Y ) data pairs. Typically, regression analysis also reports R and R?. In the case
where there is only one explanatory variable ( X in the above example), R is the correlation coefficient between X and
Y . The correlation coefficient, R, is a measure of association between two variables, ranging between -1 and 1. If a
plot of (X and Y ) pairs fall exactly on a straight line with a positive gradient, then the correlation coefficient will be 1.
If the line has a negative gradient, then the correlation coefficient will be -1. If there is no association between X and
Y , then the correlation coefficient will be zero. The square of the correlation coefficient (R2) is called the coefficient of
determination. R? can be shown to be a measure of the proportion of sample variation in the dependent variable Y
which is explained by the values of the independent variable X :

R _ explained variationin Y
total variationin'Y

When there are more than one explanatory (or independent) variable, as shown below:

Y=h+bX, +bX,+--

R? shows the proportion of variation in Y explained by the combined set of the independent variables. In this case, R
is called the coefficient of multiple correlation, and R? s called the coefficient of multiple determination.

Impact of Yearsof Schooling on Student Performancein Mathematics

1609. Table 4.4 shows the ligt of countries arranged in order of how much better the countries
performed in TIMSS than in PISA. In this table, the metric for expressing score differencesisin “TIMSS
score” unit, and not in standardised mean scores as computed in Table 4.1. That is, PISA scores have been
converted to have the same mean and standard deviation of the TIMSS scores for the 22 countries, and
then the difference between TIMSS and PISA scores is computed. In this way, the magnitude of the
differences can be more easily interpreted than standardised scores, since one can discuss the average gain
in TIMSS score unit, with one additional year of schooling, for example. The countries at the top of Table
4.4 performed better in TIMSS than in PISA; the countries at the bottom of the table performed better in
PISA. In addition, for each country, the average age of students in the TIMSS'" assessment is also shown.

12. The average age at time of testing in TIMSS is taken from the TIMSS 2003 International Report (IEA,
2003).
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Table 4.4 Comparative performance in PISA and TIMSS, versus age of testing in TIMSS

Difference in
country mean
scores (TIMSS -

Average age at time of
testing in TIMSS

Number of years of
schooling at time of PISA
testing (estimated from

PISA), in "TIMSS PISA data)
score" unit

Korea 43.16 14.6 9.25

Hong Kong-China 33.08 14.4 9.20

Japan 31.19 14.4 9.29

" Hungary 28.50 14.5 8.79

g Russian Federation 26.26 14.2 9.32

i Tunisia 23.48 14.8 8.52

2 Indonesia 23.25 14.5 8.96

@ Latvia 13.26 15.0 8.52

United States 9.69 14.2 9.55

Italy 4.64 13.9 9.40

Slovak Republic 0.40 14.3 9.21

Quebec, Canada -1.77 14.2 9.48

Netherlands -6.01 14.3 9.18

Ontario, Canada -15.09 13.8 9.48

England* -17.21 14.3 10.31

5 Sweden -18.03 14.9 8.67

,DE- Belgium (FI.) -18.53 14.1 9.29

% Basque country, Spain -23.59 14.1 9.40

@ Australia -25.24 13.9 9.63

Scotland -31.86 13.7 10.69

New Zealand -35.57 141 9.51

Norway -43.99 13.8 9.66

1. PISA results for England are not comparable and therefore this score point difference should be interpreted with caution.

170. Table 4.4 shows that the Asian and Eastern European countries tend to perform better in TIMSS

thanin PISA. But it aso appears that the Asian and Eastern European countries have a slightly older cohort
in the TIMSS assessment. The relationship between differential performancein TIMSSand PISA, and age
at time of testing in TIMSS can be better seen from a scatter plot of the two variables, as shown in Figure
4.4, where the vertical scale shows the difference between TIMSS and PISA score (Column 3 of Table

4.4).
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Figure 4.4 Relationship between performance in TIMSS and PISA and age at time of testing in TIMSS
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171 Apart from Sweden, Figure 4.4 shows a positive relationship between (TIMSS — PISA) and the
age at time of testing in TIMSS. The correlation between the two variables is 0.58 (R?=0.34). This is
significantly different from zero with p=0.004. If Sweden is removed from the data set, the correlation
between the two variables is 0.713 (R*=0.51), significantly different from zero with p=0.0003. That is,
countries with an older cohort at the time of testing in TIMSS tend to perform better in TIMSS than in
PISA. In contrast, Norway and Scotland performed a great deal better in PISA than in TIMSS (see Figure
4.1), and it appears that these two countries/regions have the youngest cohorts (13.7 and 13.8 years old
respectively) among the 22 TIMSS countries.

172. Of al 50 participating countries in TIMSS 2003 Grade 8 cohort*®, Sweden is the only Western
country with an older cohort (14.9 years old), while all other Western countries have an average age less
than 14.3 years. The case for Sweden is discussed further in this chapter when both TIMSS and PISA
advantage indices are presented and an explanation is provided for why Sweden appears as an outlier in
Figure 4.4.

173. Overall, thereis arelationship between the differential performance in TIMSS and PISA, and the
age of the cohort in the TIMSS sample. It should be remembered, however, that the age of the cohort in the

13 There 46 countries and four benchmarking participants in the TIMSS 2003 Grade 8 cohort.
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TIMSS sampleis aso aproxy for the number of years of schooling at time of PISA testing, as discussed in
the previous sections of this chapter.

174. A plot of years of schooling in PISA (as estimated from the PISA data) and differential
performance between TIMSS and PISA is shown in Figure 4.5.

Figure 4.5 Relationship between years of schooling in PISA and differential performance between TIMSS and
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175. Figure 4.5 shows a negative relationship between the number of years of schooling in PISA and
the differential performance between TIMSS and PISA, where the correlation between the two variables
is-0.52 (R?=0.27). This relationship is not as strong as that between the age at the time of testingin TIMSS
and the differential performance between TIMSS and PISA, possibly due to the fact that the estimated
number of years of schooling in PISA had to be constructed indirectly from a number of data sources.
Nevertheless, Figure 4.5 still shows an association between the two variables.

176. The relationships shown in Figures 4.3, 4.4 and 4.5 suggest that the difference between
performance in TIMSS and PISA could be related to the age of testing in TIMSS or the number of years of
schooling in PISA. For future cycles of testing, it will be helpful to capture more reliable information on
the number of years of schooling at the time of testing, to help to understand and interpret the achievement
results.
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Theimpact of differencesin content balance between PISA and TIMSS

177. From a number of studies (e.g., Routitsky and Zammit, 2002; Zabulionis, 2001) carried out on
the comparisons of mathematics education in the international context, it is not surprising to hypothesise
that differences in content balance in PISA and TIMSS may lead to the observed differences in country
performances as shown in Figures 4.1 and 4.2. In particular, there are different mathematics traditions
between countries. The Asian and Eastern European countries stress formal mathematics, while the
Western countries place an emphasis on problem solving and application skills (e.g., Leung, Graf &
Lopez-Real, 2006). Since the TIMSS assessment is more curricular focused and the PISA assessment is
more problem oriented, this could explain the observed differencesin the results of the two assessments.

178. In making comparisons between the content of the PISA and TIMSS assessments, PISA items
were classified according to the TIMSS content domain classifications (see Table 3.6). The decision to re-
classify PISA items according to TIMSS classifications rather than the other way round is because national
curricula are mostly structured by traditional mathematics content areas. It will be easier to compare
proportions of items in different traditional mathematics content areas in PISA and TIMSS to those in the
national curricula.

179. A comparison of the proportions of PISA and TIMSS items by TIMSS content domain
classificationsisgivenin Table 4.5.

Table 4.5 Number and proportions of items in PISA and TIMSS by content domains

PISA TIMSS Differences in
percentages
between PISA
and TIMSS
Number 32 38% 57 30% 8%
Algebra 7 8% 47 24% -16%
Measurement 8 9% 31 16% -7%
Geometry 12 14% 31 16% -2%
Data 26 31% 28 14% 17%
Total 85 100% 194 100%
180. It can be seen from Table 4.5 that, in PISA, there are more items in the content domains of

number and data, while, in TIMSS, the proportions of items in each content domain are more evenly
spread. There are fewer algebra and measurement items in PISA when compared to item proportions in
TIMSS. Given the “literacy” orientation of the PISA assessment, the distribution of PISA items across
the content domains is not surprising. If one surveys the mathematics that most people have to deal with in
everyday life, one does not come across solving equations very often. Instead, in everyday life, one needs
to interpret information in tables or graphs, or calculate prices/discounts, so that there is a predominance
of number and data applications that one has to deal with. This is not to say that algebra is not an
important part of mathematics. Algebrais very important for many applications in the technological world.
But, by and large, only a small proportion of people specialisein these applications.

Achievement by content domains
181. It will be of interest to examine whether there are differences across countries in achievement
scores by content domains. TIMSS 2003 International Mathematics Report published averaged scaled

scores by mathematics content areas by country (see IEA, 2003, Exhibit 3.1). The following is an extract
from the TIMSS report for the 22 countries that participated in both PISA and TIMSS.
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Table 4.6 TIMSS achievement scores by content areas

Number | Algebra | Measurement | Geometry | Data

Australia 498 499 511 491 531
Belgium (Fl.) 539 523 535 527 546
England* 485 492 505 492 535
Canada-Ontario 516 515 520 513 538
Canada-Quebec 546 529 541 542 544
Hong Kong-

China 586 580 584 588 566
Hungary 529 534 525 515 526
Indonesia 421 418 394 413 418
Italy 480 477 500 469 490
Japan 557 568 559 587 573
Korea 586 597 577 598 569
Latvia 507 508 500 515 506
Netherlands 539 514 549 513 560
New Zealand 481 490 500 488 526
Norway 456 428 481 461 498
Russian

Federation 505 516 507 515 484
Scotland 484 488 508 491 531
Slovak Republic 514 505 508 501 495
Spain-Basque 490 490 488 456 499
Sweden 496 480 512 467 539
Tunisia 419 405 407 427 387
United States 508 510 495 472 527

1. England did not meet participation requirements in TIMSS 2003. Mean scores are therefore not comparable to other countries.

182. Table 4.6 shows that the patterns of performance across mathematics content areas are quite
different between countries. For example, in Austrdia, the average score for data is 32 points higher than
for algebra. In contrast, in the Russian Federation, it is just the opposite, where the score for algebra is
32 points higher than the score for data. Such differentia patterns of content area achievement scores
across countries will lead to different aggregate scores if proportions of items from different content areas
change. As described in the previous section, PISA and TIMSS have quite different proportions of items
from each content area, as shown in Table 4.5.

183. To assess the impact on mathematics achievement score when proportions of items from different
content areas change, indices of “PISA advantage” and “TIMSS advantage” were constructed. The
methodology is presented below and is based only on TIMSS achievement scores and not PISA
achievement scores. Also, the mapping of PISA items to TIMSS content domains that was presented in
Chapter 3 is used and the reader is reminded that no definitive categorisation of PISA items into TIMSS
content domains is possible. With these caveats in mind the methodology, using Australia as an example, is
asfollows:

184. The TIMSS average scores by mathematics content areas for Australia are given below:

14 The standard errors of these estimates are around 2 to 5, so amean difference of 32 is certainly significant.
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TIMSS mean score by content area Mean of the
Number Algebra Measurement Geometry Data five content
15
areas
Australia 498 499 511 491 531 506
185. The final column shows the mean of the five content area scores (506). The difference between

each content area score and the mean of the five content areas is then calculated, as shown below:

Deviation of content area score from the mean of the five content areas (506)
Number Algebra Measurement Geometry Data
Australia -8 -7 5 -15 25
186. The deviation from each content area is then weighted by the proportion of items in each

assessment. For example, for PISA, the proportions of items are as follows:

PISA item distribution by content areas

Number

Algebra

Measurement

Geometry

Data

38%

8%

9%

14%

31%

187. The PISA advantage index is computed as the weighted sum of the deviations of content area
scores from the mean of the five content areas, weighted by item proportions in PISA. For example, the
PISA advantage index for Austraiais:

(-8) x 0.38 + (-7) x 0.08 + 5 x 0.09 + (-15) x 0.14 + 25 x 0.31 = 2.42

188. The same method is applied to calculate the TIMSS advantage index, using the proportion of
TIMSS items listed below:

TIMSS item distribution by content areas

Number

Algebra

Measurement

Geometry

Data

30%

24%

16%

16%

14%

1809. The TIMSS advantage index for Austraiais:

(-8) X 0.30 + (-7) x 0.24 + 5 x 0.16 + (-15) x 0.16 + 25 x 0.14 = -2.18

190. An overal Content Advantage Index is computed as the difference between PISA advantage
index and TIMSS advantage index. So, for Austrdia, the Content Advantage Index is given by:

2.42—(-2.18) = 4.6

15 Note that this is the mean of the scores for the five content areas. This mean will be close to the average
scaled score for overall mathematics achievement, but not necessarily exactly the same.
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191. The Content Advantage Index shows how much more advantage a country has in PISA as
compared to in TIMSS. Thus, from the above computations, the PISA assessment gives Australia more
“advantage” (4.6 units), than the TIMSS assessment in that Australiais likely to score higher in PISA than
in TIMSS, given the composition of items from different content areasin PISA and in TIMSS.

192. The PISA and TIMSS advantage indices, and the Content Advantage Indices were computed for
al 22 countries, and these are shown in Table 4.7, together with the difference in TIMSS and PISA
achievement mean scores (in TIMSS score unit), arranged in order of the difference in performance in
TIMSS and PISA.

Table 4.7 Indices of PISA and TIMSS advantage by country

Differencein PISA TIMSS Content
country mean advantage | advantage advantage
scores (TIMSS index index index (PISA
-PISA), in adv —TIMSS
"TIMSS score" adv)
unit
Korea 43.16 -2.85 1.29 -4.14
Hong Kong 33.08 -1.32 0.86 -2.18
Japan 31.19 -1.58 -1.71 0.14
a Hungary 28.50 0.34 1.10 -0.76
g Russian 26.26 -4.32 1.15 -5.47
= Tunisa 23.48 20.94 135 2.29
?:3 Indonesia 23.25 3.36 1.45 1.92
g Latvia 13.26 0.05 0.06 -0.01
United States 9.69 5.27 1.00 4.27
Italy 4.64 -0.06 -1.05 0.99
Slovak Republic 0.40 0.45 1.44 -0.99
Canada-Quebec -1.77 2.55 -0.25 2.80
Netherlands -6.01 5.64 -1.58 7.22
Canada-Ontario -15.09 2.20 -1.31 3.51
England -17.21 1.94 -3.57 551
g Sweden -18.03 6.45 -2.55 8.99
£ Belgium (FI.) -18.53 3.75 -0.42 4.18
% Spain-Basque -23.59 3.16 0.95 2.22
«Q Australia -25.24 2.41 -2.04 4.45
Scotland -31.86 1.55 -3.69 5.25
New Zealand -35.57 1.28 -3.17 4.45
Norway -43.99 4.80 -4.73 9.53

193. A simple scatter plot between (TIMSS-PISA) scores (column 3) and the Content Advantage
Index (column 6) isgivenin Figure 4.6.
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Figure 4.6 Relationship between difference in TIMSS and PISA scores and the Content Advantage Index
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194. Figure 4.6 shows a clear relationship between the difference in TIMSS and PISA mean scores
and the content advantage index. When the relative content advantage in PISA is lower than in TIMSS,
(TIMSS score — PISA score) tends to be positive, and when the relative content advantage is higher in
PISA than in TIMSS, (TIMSS score — PISA score) tends to be negative. The correlation between the two
variablesin Figure 4.6 is -0.81 (R?=0.66) with p<0.001. Note that, among the 22 countries, Sweden has the
second highest content advantage index in favour of PISA. This offsets the fact that students in Sweden
have fewer years of schooling at the time of PISA testing (and therefore a higher age cohort in TIMSS).

Predicting PISA Mathematics Country Mean Scor es

195. In the previous sections, two factors have been separately identified to have an association with
the observed differences between countries TIMSS and PISA mean scores: Content Balance and Age at
time of TIMSS testing (or Years of schooling at time of PISA testing). In this section, we explore the
combined impact of these two factors on the differences between PISA and TIMSS mean scores. To do
this, multiple regressions were carried out. To formulate the regression models, first consider a theoretical
relationship:

PISA = TIMSS+ (PISA-TIMSS)
where PISA denotes a country’ s PISA mathematics mean score, and TIMSS denotes that country’s TIMSS

mathematics mean score. Consequently, the regression models can be formulated with PISA mathematics
country mean score as the dependent variable to be predicted, and TIMSS mathematics country mean score
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as the first predictor (independent variable), plus other predictor variables that have a relationship with
(PISA — TIMSS) country mean scores.

196. Table 4.8 shows a summary of the multiple regression models used. The smplest model (model
1) is to predict PISA mathematics country mean scores using only TIMSS mathematics country mean
scores as a predictor. As discussed at the beginning of this Chapter, the correlation between PISA and
TIMSS country mean scores is 0.84. The percentage of variance of PISA mathematics country mean scores
explained by the regresson model is 71%. That is, around 30% of the variance of PISA country mean
scores cannot be explained by their TIMSS country mean scores. Under this regression model, we can
compute the predicted PISA mean score for each country and compare it with the observed score as
reported in the PISA international report (OECD, 2004). With TIMSS mathematics score as the only
predictor, two out of the 22 countries have a predicted PISA mathematics score within the confidence
interval of the reported PISA score.

197. For regression model 2, two more variables are added as predictors: TIMSS Age and Content
advantage index. Note that TIMSS Age is used as a proxy for Years of schooling in PISA. The percentage
of variance of PISA mathematics scores explained is 93%, showing a large improvement from regression
model 1. Under regression model 2, nine out of the 22 countries have a predicted PISA mathematics score
within the confidence interval of the reported PISA score.

198. Asthere is more reading demand in PISA mathematics items, it is worth exploring whether PISA
reading country mean score is a useful predictor for PISA mathematics scores. Regresson model 3
explores the relationships between PISA mathematics country mean scores and PISA reading country
mean scores. Quite surprisingly, there is a very high correlation (R=0.95) between PISA mathematics
country mean scores and PISA reading country mean scores. Under this regression model, five out of 22
countries have a predicted PISA mathematics score within the confidence interval of the reported PISA
score.

199. Regression model 4 uses all four predictors: TIMSS Mathematics country mean score, TIMSS
Age, Content advantage index, and PISA Reading score. Under this model, 97% of the variance of PISA
mathematics scores can be explained. Further, 11 out of the 22 countries have a predicted PISA
mathematics score within the confidence interval of the reported PISA score. Table 4.9 shows the predicted
PISA mathematics scores as compared to the reported scores. It can be seen that, for most countries, the
difference between the predicted score and the reported score is less than 10.

200. The four regression models shown in Table 4.8 are not the only models that can be fitted. PISA
science country mean scores are aso highly correlated with PISA mathematics country mean scores
(R=0.97). TIMSS science scores also have a moderately high correlation with PISA mathematics scores
(R=0.89). However, the purpose of this section is not so much as to predict PISA mathematics scores per
se. The purpose is to illustrate how PISA and TIMSS mathematics scores and other factors are inter-
related.

201. It should be noted that different regression models will show different sets of countries as having

the best predicted scores. Consequently, Table 4.9 should not be used to make judgements about specific
“outlier” countries. If different predictors are used, different countries will be outliers.

69



EDU/WK P(2010)5

Table 4.8 Regression models for predicting PISA mathematics country mean scores

Regression | To Predict Predictor(s) Percentage of | Correlation (R)
model variance
(Dependent variable) | (Independent variables) explained (R%)
1 PISA mathematics | TIMSS Mathematics 71% 0.84
2 PISA mathematics | TIMSS Mathematics 93% 0.97
TIMSS Age™®
Content advantage index
3 PISA mathematics | PISA Reading 91% 0.95
4 PISA mathematics | TIMSS Mathematics 97% 0.99
TIMSS Age
Content advantage index
PISA Reading

Table 4.9 Comparisons between Reported and Predicted Country Mean Scores

Country Reported Predicted mean | Difference Predicted score
mean score | score from between iswithin the
regression reported and confidence
model 4 predicted interval of the
scores reported score
Australia 524 526 -2 v
Belgium Flemish 553 544 9
Canada-Ontario, 531 539 -8
Canada-Quebec 541 541 0 v
England 507 506 1 v
Hong Kong - China 550 546 4 v
Hungary 490 497 -7
Indonesia 360 371 -11
Italy 466 479 -13
Japan 534 533 1 v
Korea 542 557 -15
Latvia 483 483 0 v
New Zealand 523 515 8
Norway 495 494 1 v
Russian Federation 468 458 10
Scotland 524 521 3 v
Slovak Republic 498 479 19
Spain-Basque country 502 492 10
Sweden 509 506 3 v
The Netherlands 538 534 4 v
Tunisia 359 355 4 v
United States 483 502 -19

16

The variable Age at time of TIMSS test is used as a proxy for Y ears of schooling at time of PISA test.
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Implications of differential performance of countriesin content domains

202. The findings from previous sections show that differential performance of countries in content
domains can explain, to a large extent, different country rankings in PISA and TIMSS. An implication of
this finding is that the reported combined mathematics score must be interpreted in relation to the
composition of the test in terms of content baance. For example, if a test consists only of TIMSS Data
items, then Sweden ranks 7th out of the 22 countries considered above. If a test consists only of TIMSS
Algebra items, then Sweden ranks 18" out of the 22 countries. In contrast, out of 22 countries, Hungary
ranks 13th in TIMSS Data content domain, but 4™ in TIMSS Algebra content domain. Consequently, tests
consisting of different balance of content domains will likely to produce different rankings of countries.
Any statement about how a country performed in “mathematics’ must be carefully interpreted.

203. One may argue that the performance of countries at the level of content domains may be more
informative. As PISA and TIMSS have different content classifications, it will be difficult to cross-check
results at the content domain level. Of the five TIMSS content domains and four PISA overarching ideas,
the best match is perhaps between TIMSS Data domain and PISA Uncertainty overarching idea (see
Chapter 3 for comparisons of the PISA and TIMSS frameworks). The correlation between country mean
scoresin TIMSS Data content domain and PISA Uncertainty overarching ideais 0.93 for the 22 countries.
This is much higher than the correlation between the combined mathematics scores (0.84). This suggests
that, if the contents of the tests are aligned, the results will be more similar. For other TIMSS content
domains and PISA overarching ideas, it is difficult to form a one-to-one match between TIMSS and PISA.

TIMSS Data domain and PISA Uncertainty overarchingidea

204. It is worthwhile taking a closer look at the Data/Uncertainty content domain, as PISA has
considerably more coverage of this content domain (31%) than TIMSS has (14%), and it appears that
Western countries have relatively more strengths in this content domain (as compared to the other content
domains) than Eastern European and Asian countries have. One may suggest that the Data/Uncertainly
domain has a prominence in the PISA test because the need to represent and interpret data is becoming
more and more important in everyday lives of the citizens, whether it is reading the newspaper,
advertisements, or other forms of communication. Reading graphs and interpreting charts is part of our
lives, and not just a school subject. It is therefore hypothesised that skills and knowledge in the
Data/Uncertainty domain may be closely related to those in the reading domain, as one area of the reading
domain is about document reading. Table 4.10 shows the correlations between country mean scores in
TIMSS content domains and PISA reading.

Table 4.10 Correlation between country mean scores in PISA Reading and TIMSS content domains

Correlation with PISA
Reading

TIMSS Number 0.65

TIMSS Algebra 0.62

TIMSS M easurement 0.79

TIMSS Geometry 0.57

TIMSS Data 0.91
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205. From Table 4.10, it can be seen that the Data domain stands out as one that is highly correlated
with Reading. Since the PISA mathematics test has nearly one third of the items in the Data/Uncertainty
domain, it is not surprising that there is a high correlation between PISA mathematics and PISA reading
scores. It is aso not surprising that country rankings are somewhat difference between TIMSS and PISA,
as PISA mathematics, on balance, istesting something alittle different from what TIMSS tests.

Examining the spread of PISA and TIM SS achievement distributions

206. The comparisons in the previous sections focus on the differences between country mean scores.
While the mean score of a country provides one measure of overall performance of a country, it does not
provide a complete picture of country performance. For example, it is often of interest to know how low
and high achievers differ within a country and across countries. In this chapter, we examine characteristics
of the achievement distributions other than mean scores, such as the spread of the distributions and
percentile points.

Standard Deviations

207. Standard deviation is a measure of dispersion (or spread) of a set of data values. The larger the
standard deviation, the more spread out the data values are (See Box 4.1 for an explanation). In PISA and
TIMSS, the mean and standard deviation of mathematics achievement scores are reported by country.
Table 4.11 shows the standard deviations for the 22 countries that participated in both surveys. The last
column of Table 4.11 shows PISA standard deviation in TIMSS unit, using the transformation’ as
described earlier in this chapter. The countries are arranged in order of their TIMSS standard deviation,
from smallest to largest. If two surveys have the same population definition and similar composition of
items, one would expect the standard deviations in the two surveys to have a high correlation. That is, if
the mathematics abilities of students in country X are more spread out than those in other countries, then
this should be reflected in the standard deviation values in both surveys. A scan down the column of
standard deviations in PISA shows that there is not a very strong relationship between TIMSS standard
deviation and PISA standard deviation.

208. Figure 4.7 shows a plot of TIMSS standard deviation and PISA standard deviation in TIMSS
unit. The correlation between these two variables across the countries is 0.22, a somewhat weak
correlation. There are two notable outliers in this graph: Indonesia®® and Canada—Quebec. The other
countries seem to lie somewhere in between these two outliers, with a stronger positive correlation (0.55).
The dotted line in Figure 4.7 shows the equality line where TIMSS standard deviation equals PISA
standard deviation. It can be seen that 18 out of 22 countries have larger standard deviations in PISA than
in TIMSS. A possible explanation for this is that the PISA samples contain students from multiple grades,
so there may be a wider spread of mathematics abilities. Of course there are also many other possible
reasons for differences in the magnitude of standard deviations between the two surveys. Since the content

17 More specifically, the transformation used was:
PISA standard deviationin TIMSS unit = ( PISA standard deviation / 51.92) * 45.08,

where 51.92 was the standard deviation of the PISA country mean scores of the 22 countries participated in
both PISA and TIMSS, and 45.08 was the standard deviation of the TIMSS country mean scores.

18 In fact, Indonesia has the highest standard deviation in TIMSS and lowest standard deviation in PISA
among the 22 countries. We have sought explanations for this, and it appears that the sampling base (types
of schools) may not be the same in the two surveys in Indonesia. A thorough investigation of thisis outside
the scope of this report. But there are some indications that the PISA and TIMSS samples do not reflect the
same population groupsin Indonesia, over and above the difference in grade-based and age-based sampling
in TIMSS and PISA.
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balance and the items are different in the two surveys, one test may spread students out more than the
other. However, as PISA has a dightly lower reported reliability than TIMSS' reported rdiability, it

appears unlikely that PISA test should spread students out more than TIMSS test.

Table 4.11 PISA and TIMSS standard deviations for the 22 countries

TIMSS standard | PISA standard deviation | PISA standard deviation
deviation as reported transformed to TIMSS
unit
Quebec, Canada 58 93 81
Tunisia 60 82 71
Basque country, Spain 64 82 72
Ontario, Canada 66 83 72
The Netherlands 69 93 80
Norway 71 92 80
Sweden 71 95 82
Hong Kong - China 72 100 87
Belgium Flemish 73 105 91
Latvia 73 88 76
Scotland 75 84 73
England 77 93 81
Italy 77 96 83
Russian Federation 77 92 80
New Zealand 78 98 85
Hungary 80 94 81
Japan 80 101 87
United States 80 95 83
Australia 82 95 83
Slovak Republic 82 93 81
Korea 84 92 80
Indonesia 89 81 70
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Figure 4.7 TIMSS standard deviation versus PISA standard deviation (in TIMSS unit)

Per centiles

209. To examine the distributions more closely, the 5™ and 95™ percentile points are shown in Table
4.12. Figure 4.8 shows a country-by-country comparison of PISA and TIMSS percentile points. For each
country, two bars are shown. The first bar shows the PISA results, and the second bar shows TIMSS
results. The top end of each bar shows the 95" percentile point, and the bottom end of each bar shows the
5™ percentile point. The circle in the middle shows country mean score. For example, the pair of bars for
Australia shows that the spread of the achievement distribution of Australian studentsin PISA issimilar to
the spread of TIMSS achievement distribution, but the whole PISA distribution is shifted upwards as
compared to TIMSS distribution. In contrast, for Hong Kong, the spread of the PISA distribution is much
larger than the spread of the TIMSS distribution, and the whole PISA ability distribution is shifted
downwards as compare to the TIMSS distribution.
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Table 4.12 PISA and TIMSS 95™ and 5" percentiles for countries participating in both Surveys in 2003

TIMSS 5" | TIMSS PISA 5"[PISA 95" | PISA 5"[PISA 95"
percentile | 95" percentile | percentile | percentile | percentile
percentile (in TIMSS | (in TIMSS
unit) unit)

Australia 368 634 364 676 391 662
Basque country, Spain 379 591 361 631 389 623
Belgium Flemish 398 643 360 707 388 689
England 373 627 354 660 383 648
Hong Kong - China 455 691 374 700 400 682
Hungary 398 656 335 644 366 634
Indonesia 266 558 233 499 278 508
Italy 355 606 307 623 342 616
Japan 433 697 361 690 388 674
Korea 439 715 388 690 412 674
Latvia 386 625 339 626 370 619
New Zealand 364 623 358 682 386 667
Norway 340 573 343 645 373 635
Ontario, Canada 411 628 390 665 413 653
Quebec, Canada 449 640 378 682 403 667
Russian Federation 381 632 319 622 352 615
Scotland 368 615 380 660 405 648
Slovak Republic 371 642 342 648 372 638
Sweden 378 614 353 662 381 650
The Netherlands 417 644 385 683 409 668
Tunisia 316 515 229 501 274 510
United States 369 635 323 638 355 629
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Figure 4.8 Comparison of PISA and TIMSS 95" and 5" percentile points
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210. Factors that have an impact on the differential spread of ability distributionsin PISA and TIMSS
will be difficult to identify, as there are likely between-country differences in terms of characteristics of
samples and advantages/disadvantages in content balance. One can only make some hypotheses. For
example, in Hong Kong and Tunisia, the spread of the achievement distribution is considerably larger in
PISA than in TIMSS. One possible reason for this is that, in both Hong Kong and Tunisia, the PISA
sample contains many students from grades lower than the typical grade of 15 year-olds. Figure 4.9 shows
the histograms of grade distribution for Hong Kong and Tunisia.

Hong Kong Tunisia

Adjudicated sub-region: Hong Kong SAR Adjudicated sub-region: Tunisia
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Figure 4.9 Grade distributions of Hong Kong and Tunisia PISA samples

211. The results in this section show that the spread of ability distributions need to be interpreted with
regard to the population definition. If one makes a statement that studentsin country X are more similar in
ability than students in country Y, the underlying population definition must be referred to. The
comparisons between TIMSS and PISA show that, within a country, the variation in student abilities for a
grade level may be quite different from the variation in abilities for an age group. Further, in genera,
variations of mathematics abilities for an age group tend to be larger than variations for a grade level.

Theimpact of calculator availability on differencesin performancein TIMSS and PISA

212. In Chapter 2, it was found that the percentages of students with access to a calculator differ
across countries, and differ between the two surveys. These differences do not have an impact on the
differentia performance of countriesin TIMSS and PISA. The correlation between these two variables is
0.106 (p=0.676). That is, the different policies on calculator use in TIMSS and PISA do not explain the
differencesin country rankingsin TIMSS and PISA.

Summary

213. This chapter explores the factors that may have an impact on the observed differences between
country mean scores in PISA and TIMSS. It is found that the age at testing in TIMSS has a positive
relationship with the differential performance in TIMSS and PISA. That is, countries with an older cohort
of students tend to perform relatively better in TIMSS than in PISA. However, this does not mean that
better performance in TIMSS is necessarily due to older students in the TIMSS sample. In fact, there isa
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strong negative correlation between age at time of testing in TIMSS and years of schooling at time of
testing in PISA. The older the students are in the TIMSS sample for a country, the fewer number of years
of schooling the students have at time of testing in PISA. Therefore, a relatively better performance in
PISA could be due to more years of schooling at time of testingin PISA.

214. Further, a Content Advantage Index was constructed based on each country’s performance in the
five content areas of mathematics in TIMSS, and the relative proportions of items in the content areas in
each survey. Given that the content balance of PISA is quite different from that of TIMSS, some countries
have more advantage in PISA and some have more advantage in TIMSS, depending on their relative
strengths and weaknesses in the content areas. It was shown that the differential performance of countries
in PISA and TIMSS was closely related to the content balance of each survey.

215. Using three variables (TIMSS mathematics country mean score, Age at time of TIMSS testing,
Content Advantage Index) as predictors for PISA mathematics country mean scores, it was found that 93%
of the variance of PISA mathematics scores could be explained by these three predictors. Further, as there
is more reading demand in the PISA mathematics tests, if PISA reading score is used as an additiona
explanatory variable, then 97% of the variance of the PISA mathematics scores can be explained. With
these four predictor variables, 11 out of the 22 countries have a predicted PISA mathematics score within
the confidence interval of the reported PISA score.

216. The standard deviations of achievement distributions in PISA are generaly larger than the

standard deviations in TIMSS. This is likely the result of different population definitions where PISA
samples contain students from multiple grades while TIMSS controls for the grade level.
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CHAPTER 5- GENDER DIFFERENCE AND ATTITUDES

I ntroduction

217. It will be of interest to compare the results drawn from PISA and TIMSS in terms of the
performance of subgroups of students, such as girls and boys. In addition, both PISA and TIMSS
collected data on student home background information and attitudes towards mathematics. A comparison
of the similarities or differences in the findings will be interesting. If the same results are found, then each
study provides some evidence of validity for the other study. If different results are found, it will be
interesting to investigate why there are differences, and, in doing so, one hopes to gain a better
understanding of the results of each study.

Gender differences
Gender differencesfor overall mathematics scale

218. Do PISA and TIMSS arrive at the same conclusions about the performance of girls and boys? On
the surface, the answer seems to be “No”.

219. TIMSS found that

On average, across all countries, there was essentially no difference in achievement between
boys and girls at either the eighth or fourth grade, although the situation varied from country to
country. (IEA, 2003, p.47)

220. In contrast, in PISA, apart from two countries (Iceland and Thailand) where girlS mean
mathematics score is higher than that for boys, in all other 38 countries, boys mean score is higher,
although not all significant statistically. Figure 5.1 shows pictorially the differences between the
performance of girls and boys, for TIMSS and PISA, where darkened bars indicate statistical significance
(extracted from TIMSS report, p48, (IEA, 2003), and PISA report, p97, (OECD, 2004)).

221. On first impression, there appears to be a discrepancy between TIMSS and PISA results of
gender differences across countries. In TIMSS, there are about equal numbers of countries where girls
performed better and where boys performed better. On the other hand, in PISA, boys performed better in
the majority of countries. If one uses TIMSS results, one might conclude that, at Grade eight, there is no
clear gender difference in mathematics performance. If one uses PISA results, one might conclude that
15 year-old girls lag behind 15 year-old boys in mathematics performance among OECD countries'.

19. In 26 out of 40 countries in PISA, boys performance is statistically significantly better than girls
performance. However, collectively for the OECD population, 38 out of 40 countries showed that the mean
score for boys is higher than the mean score for girls. This is extremely significant statistically; (Consider
tossing a coin 40 times and obtain a head 38 times. There islittle doubt that the coin is biased.)
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Figure 5.1 Gender Difference in TIMSS and PISA for overall mathematics scale (Extract from
TIMSS and PISA reports)

TIMSS PISA
:
Countries r g Mathematics scale
Scored Higher Scored Higher £
<t T ] FRmales
ovak Republic 5
Sweden g perform
1 Indonesia bater
:‘-’Tm - 5 Liechtenstein
ulgaria -
Prea
T HBhG KeRESAR £ Macao-China
Estonia '_ Greece
New Zealand __ Sl(}\'-‘lk Rt"lll')’i{'
Japan Italy
South Africa = Luxembourg
Norway g Switzerland
Russian Federation £ Denmark
Slovenia = P
S 2 _Iir'aml
Romania -4- Tu l'k(.‘_\'
1 Lithuania Czech Republic
+ Scotland Ireland
v Korea, Rep. of New Zealand
Catl Portugal
# United States = Tunisia
Italy =
+ Netherlands lll:llgll.\\'
1 Sarbia - Canada
Chinese Taipei Mexico
Hungary - Russian Fed.
Malaysia Germany
7 Israel \‘p'.“'n
Palestinian Nat'l Auth.
] France
? Macedonia, Rep. of 1
Iran, lslamic Rep. of ]'1])'] n
Lebanon — Hu“g“":,“‘
Armenia = Austria
Moldewva, Rep. of == Belgium
singapore = I-inLL\m]
Saudi Arabia Sweden E
Belgium (Flemish) = i € o=
T Bt — llmtu\l_ hl.‘l?ut
Australia L :)I"\\ ay
Philippines — I Ul"“‘d
Chile — Australia
Cyprus =] Netherlands
Ghana — Hong Kong-China
Tunista I— Inht nesia
lordan e Latvia
Bahrain Er—— - .
1 Engl‘and i 'NYI‘I)"'
Benchmarking Participants Thailand
Basque Country, Spain Iceland [ |
Indiana State, US —
Ontario Province, Can.
Quebec Province, Can. ]
0 o ¥ 2 0 40 20 0 20 40

222 On closer examination, al the countries where girls performed better in TIMSS have not
participated in PISA. These countries are Serbia, Macedonia, Armenia, Moldova, Singapore, Philippines,
Cyprus, Jordan and Bahrain. None of these countries is an OECD member. On the other hand, in TIMSS,
in nine countries boys performed better including the OECD member countries the Flemish Community of
Belgium, Hungary, Italy and the United States (the other countries were Chile, Ghana, the Lebanon,
Morocco and Tunisid). So it appears that gender difference varies between countries, as noted in both the
TIMSS and PISA reports, and that different compositions of participating countries could provide a
different picture of overall gender difference in a study. For valid comparisons, one needs to look at the
same group of countries.
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223. Figure 5.2 shows gender differences for the 22 countries that participated in both PISA and
TIMSS.

Figure 5.2 Comparisons of gender differences in PISA and TIMSS

KOR
SVK
| TA
NZL
BFL
ONT
TUN )
RUS
BSQ
JPN B PISA gender
HUN difference

QUE OTIMSS gender

SCO .
ENG difference

USA
SVEE
NOR
NLD
AUS
| DN
HKG
LVA

-10 0 10 20 30

Male mean score - Female mean score (in TIMSS score
unit)

224. In Figure 5.2, the countries are arranged in descending order of the magnitude of gender
differencein PISA (in TIMSS score unit). For each country, the first bar shows gender difference (in mean
scores) in PISA, and the second bar immediately below the first bar shows gender difference (in mean
scores) in TIMSS for that country. If there is a high correlation between PISA and TIMSS gender
differences, one would expect the second bar for each country to be longest (and positive) at the top of
the graph, and decreases in length or becoming negative, as for the bars for PISA. However, it can be
seen that TIMSS gender differences do not diminish as one scans down the graph, as PISA gender
differences diminish. The correlation between PISA and TIMSS gender differences is 0.23, indicating
that thereis aweak relationship between the two variables. Consequently, one cannot conclude that thereis
a strong agreement between PISA and TIMSS results in terms of gender difference for the overal
mathematics scale.

225. It should also be noted that Figure 5.2 shows that, on average, gender differenceislarger in PISA
thanin TIMSS, from avisual comparison of the size and direction of the two bars for each country. That is,
on average, boys outperformed girls by a greater amount in PISA than in TIMSS. On average, gender
differences in TIMSS are not only smaller in magnitude, but girls outperformed boys in a number of
countries.
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Gender differences by mathematics content areas

226. A comparison of the composition of PISA and TIMSS tests in terms of the balance of content
domains was presented in Chapter 3. It was shown that there was a significant difference in terms of the
proportion of items from each traditional content area. How do gender differences vary across mathematics
content areas? Both TIMSS and PISA found that gender difference is not uniform across mathematics
content areas. In TIMSS, girls performed better in Algebra, while boys performed better in M easurement.
In Algebra, girls performed significantly better than boys in 23 countries/regions, while boys
performed better in only 3 countries/regions. In measurement, boys performed significantly better than
girls in 15 countries/regions, while girls performed better in only 2 countries/regions. For Number,
Geometry and Data, the difference in performance between gender groups is not as great as for Algebra
and for Measurement. However, there is some suggestion that boys performed a little better than girls
did, on average, in these three content areas. Table 5.1 provides a tally of the number of
countries/regions in terms of differential performance between boys and girls.

Table 5.1 Comparison of performance of boys and girls in TIMSS by content area

Mathematics content area Number of Number of Number of
countries/regions in which countries/regions in which countries/regions in which
BOYS PERFORMED GIRLS PERFORMED there is NO DIFFERENCE
BETTER BETTER between performance of
boys and girls
Number 14 10 26
Algebra 3 23 24
Measurement 15 2 33
Geometry 13 8 29
Data 9 8 33
227. For PISA, gender differences are examined by Overarching Ideas. Table 5.2 shows a summary of
the results.

Table 5.2 Comparison of performance of Boys and Girls in PISA by Overarching ldeas

Mathematics content area Number of Number of Number of

countries/regions in which countries/regions in which countries/regions in which

BOYS PERFORMED GIRLS PERFORMED there is NO DIFFERENCE

BETTER BETTER between performance of
boys and girls
Space and shape 32 1 7
Change and relationship 21 1 18
Quantity 16 1 23
Uncertainty 29 2 9

228. Although PISA and TIMSS have different proportions of countries in which boys outperformed
girls, there is still some consistency in the results from the two studies. If PISA’s overarching idea Space
and Shape can be mapped onto TIMSS Measurement and Geometry domains (see Table 3.6), then both
studies found that boys outperformed girls by the greatest amount in this content area.

229. In PISA, differential performance between boys and girls is least in the area of the overarching
idea Quantity (although boys still performed significantly better). As PISA’s overarching idea Quantity
can be regarded as a subset of TIMSS Number content domain (see the Quantity section in Chapter 3), it
is observed that the gender difference for the content domain Number in TIMSS is also less than the
difference in Measurement.
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230. In TIMSS, at the international level, the only content area in which girls outperformed boys is
Algebra. In PISA, only 7 items are classified as Algebra. So one might conjecture that most PISA items
“favour” boys, since there are not many Algebra items in PISA. This could explain, at least in part, the
difference in the findings from the two studies for the overall mathematics scale. That is, in TIMSS, there
was little gender difference in overall mathematics performance internationaly, while alarge difference in
PISA was found.

231 In PISA, there is alarge gender difference for the Overarching Idea Uncertainty (as compared to
the other Overarching Ideas), but in TIMSS, the content area Data showed less gender difference than, say,
for Number. Since Uncertainty could be regarded as part of the Data content area, there seems to be some
inconsistencies in the findings here. However, Data, in general, covers topics in statistics, while
Uncertainty deals more with Chance (as in Chance and Data). So it seems that Uncertainty in PISA isa
narrower domain than Data in TIMSS. Some aspects of Data in TIMSS may be classified as Change and
Relationships (e.g., graphing data) in PISA (see Table 3.6). So one might conclude that, for topics dealing
with Chance, or, more formally, Probability, boys tend to do a great deal better than girls, as found in
PISA, but not for Data.

232. It should be noted that, while there are considerable variations across countries in gender
differences in both PISA and TIMSS, there is a consistent pattern of gender differences in the content
areas of mathematics. That is, in generd, if one content area shows large gender difference
internationaly, it is usually reflected in the gender difference within a country, where that content area
shows the largest gender difference relative to the other content areas within a country. This suggests that
there may be some underlying factors, whether biological or social, that differentiates between boys and
girls, so that boys may be naturally better than girls at certain tasks, and vice versa. For example, boys tend
to perform better in certain spatia tasks (Voyer, Voyer and Bryden, 1995). Gallagher, Levin and Cahaan
(2002) also found that males performed redatively better on items requiring the use of spatia
representations, but gender difference is small on items involving the use of mathematics language and
recall of knowledge.

233. On the other hand, the vast variation in gender differences across countries indicates that gender
difference could be addressed, and there are many countries where gender difference in mathematics
performance is negligible. Further studies looking into how some countries address gender equity may be
useful. It should be noted that, while, in PISA, significant gender differences were found in mathematics,
the magnitude of the difference is much smaller than the gender difference found for Reading (OECD,
2005, p.98). For Reading, girls outperformed boys by a great deal more. From this point of view, it is
somewhat surprising that more gender difference was observed in PISA than in TIMSS, since PISA
mathematics items require more reading than TIMSS mathematics items, as many TIMSS items are short
and context free items. If reading “ getsin the way” of successfully responding to a mathematics item, then
one would expect the gender difference in PISA mathematics to be less than that observed in TIMSS.

Possible explanations for observed differences between PISA and TIMSS in gender gap

234. In summary, there could be four reasons why the observed gender difference in PISA is larger
thanin TIMSS:
235. First, in TIMSS and PISA reports, conclusions were drawn from an overall picture of gender

difference across countries. Since there are different countries participating in each study, the overall
pictures are somewhat different. An observation is that countries where girls performance is higher than
boys' in TIMSS are not OECD member countries. It is possible that OECD countries, being more
developed than non-OECD countries in general, may have systematic similarities between themselves
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(and differences from non-OECD countries) in education systems that exacerbate the gender differencein
mathematics achievement.

236. Second, it has been shown that gender differences are not uniform across mathematics content
areas. Since PISA and TIMSS have different content compositions for the tests, gender differences for the
overal test are likely to be different for PISA and TIMSS, depending on whether there are more items
giving advantage to boys or to girls in a test. From this point of view, gender differences should be
interpreted with regard to the composition of atest, and not just for mathematics as awhole.

237. There may also be subtle influences from the choice of particular contexts for individual items
which have not been detected by normal vetting procedures.

238. Third, PISA items are more application oriented, while TIMSS items are more curriculum
oriented. This difference in the emphasis of the type of the items may have different effects on the
performance of girls and boys. Friedman (1989) found that girls are better at curriculum-based items, while
boys are better at problem-solving items. That is, girls are not as good as boys in applying mathematical
knowledge for functional use in everyday life. In PISA, the correlation between the problem solving
domain and the mathematics domain is a little higher for boys than for girls, indicating that there is a
slightly more consistent behaviour for boys than for girls in successfully (or unsuccessfully) answering
problem solving items and mathematicsitemsin PISA.

239. Fourth, the PISA report described growing gender gap in mathematics achievement as students
get older (Box 2.3, p96, OECD, 2004). Since PISA cohort has slightly older students than TIMSS' cohort,
it is likely that gender differences for 15 to 16 years are greater than for 14-year-olds, as mathematics
becomes a more demanding subject. Friedman (1989) found this result in the meta-analysis and also
commented on supporting findings from previous literature. Most commonly with young children (e,g. up
to age 10) no differences are found, or if found they favour girls. In the junior high school years, Friedman
reported that a mixed pattern develops, with either no differences or differences favouring boys, with the
exception that very gifted mathematics students are more likely to be boys. Differences favouring males
increase in older age groups. For example, the Australian report of the TIMSS Population 3 advanced
mathematics group (L okan and Greenwood, 2001) noted that in almost al countries and on al topics, there
were differences favouring males, often statistically significant, and these differences were much stronger
than in the TIM SS studies with younger students.

240. All of the above four points suggest that explanations are worth further investigation to try to
understand gender differences in mathematics achievement, and to put in place measures to reduce gender
differences within those countries where gender differences are large. Friedman (1989) pointed to a socid,
rather than a biological, explanation when commenting on the meta-analysis result that gender differences
had closed rapidly over two decades in the USA. This means that gender differences can be rectified with
appropriate intervention.

Gender differencein the spread of achievement distributions
241. PISA noted that

Gender differences tend to be larger at the top end of the performance distribution. (OECD,
2005, p.98)

242, That is, on average, there are more boys than girls at the top end of the scale. This can be readily
seen from Figure 5.3 where the percentages of boys and girls in Level 6 of the mathematics scale are
shown. Apart from Iceland where there are more girls than boys in Level 6, in every country where the
percentage of studentsin Level 6 is not zero, there are more boys than girlsin Level 6. This finding is
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consistent with that of Friedman (1989) who found that often gifted mathematics students are more likely
to be boys. In addition, in only 3 of 16 countries in the TIMSS study of advanced mathematics did more
femal es than mal es do advanced mathematics.

243. For TIMSS, the percentages of students in benchmark levels are not reported separately for boys
and girls. However, the standard deviations of performance distributions for girls and boys are reported.
These are shown in Figure 5.4.
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Figure 5.3 Percentages of boys and girls in Level 6 of PISA mathematics scale
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Figure 5.4 TIMSS standard deviations of performance distribution in mathematics for boys and girls
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244, The standard deviation of the performance distribution in mathematics for boys is larger than
that for girls in 46 out of 50 countries/regions. So it appears that there is some consistency in the
findings of PISA and TIMSS in terms of the differences in the spread of performance distributions for

boys and girls.
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Attitudinal scales

245, Both PISA and TIMSS collect information on students attitudes towards mathematics. In
particular, indices on “self-confidence” and “interest and motivation” have been constructed in both PISA
and TIMSS.

Self-confidence index

246. Figure 5.5 shows a comparison of the self-confidence index in TIMSS and the self-concept index
in PISA. Note that the vertical axis shows the percentage of students who were assigned to the high level
of the TIMSS index. Box 6.1 details how each index was constructed.

247. The correlation between PISA and TIMSS self-confidence indices is 0.73. Indonesia appears an
outlier in Figure 5.5. Without Indonesia, the correlation is 0.83. So there is a close relationship between the
two indices. Further, in both PISA and TIMSS, it was found that the South East Asian countries (Hong
Kong-China, Japan and Korea) had a low self-confidence index, despite the fact that student achievement
was high in these countries. On the other hand, English speaking countries tend to have a high sdlf-
confidence index in both PISA and TIMSS. Both PISA and TIMSS found that, within each country,
students with higher self-confidence index performed better than students with lower self-confidence
index.

Box 6.1 Measuring students’ confidence in mathematics in PISA and TIMSS
TIMSS: Index of students’ self-confidence in learning mathematics (SCM)

This index is based on students’ responses to four statements about their mathematics ability:
° | usually do well in mathematics;

e  Mathematics is more difficult for me than for many of my classmates’;

e  Mathematics is not one of my strengths*;

e | learn quickly in mathematics.

Figure 5.5 presents results for the students with a high level of self-confidence on this index. These students
agreed a little or agreed a lot with all four of the above statements on average.

PISA: Index of students’ self-concept in mathematics

This index is based on students’ level of agreement with the following statements about their mathematics ability:

e |amjust not good at mathematics ;

e | get good marks in mathematics;

e | learn mathematics quickly;

e | have always believed that mathematics is one of my best subjects;

e In my mathematics class, | understand even the most difficult work.
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Students could answer that they strongly agreed, agreed, disagreed or strongly disagreed with the above
statements. Positive values on this index indicate a positive self-concept in mathematics.

* The response categories for this statement were reversed in constructing the index.

Figure 5.5 Comparison of PISA and TIMSS self-confidence indices
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248. In TIMSS, an index of “Students Valuing Mathematics’ was constructed from questions about

students’ interest, enjoyment, and motivation about doing mathematics. In PISA, two separate indices were
constructed. The first is “Students' interest in and enjoyment of mathematics’. The second is “ Students
instrumental motivation in mathematics’. For the comparison shown here, PISA’s second index is used.
Box 6.2 details the components of each index. As can be seen, with the exception of the first two
statements in the TIMSS index of valuing mathematics, the two measures are very similar in the way they
capture students motivation to learn mathematics for some external motivating factor whether it be
helping them in their current studies, future studies or indeed future work. The first two statements in the
TIMSS index of valuing mathematics are similar to components of PISA’s index of interest and enjoyment
of mathematics, that is, they capture students' enthusiasm for learning the subject itself.
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Box 6.2 Measuring students motivation to learn mathematics in PISA and TIMSS
TIMSS: Index of students valuing mathematics

This index is based on students’ responses to seven statements about mathematics:

° | would like to take more mathematics in school;

® | enjoy learning mathematics;

e | think learning mathematics will help me in my dalily life;

° | need mathematics to learn other school subjects;

e | need to do well in mathematics to get into the university of my choice;
e | would like a job that involved using mathematics;

e | need to do well in mathematics to get the job | want.

Figure 5.6 presents results for the students with a high level on the valuing mathematics index. These students
agreed a lot with all seven of the above statements on average.

PISA: Index of students’ instrumental motivation in mathematics

This index is based on students’ level of agreement with the following statements about mathematics:

e  Making an effort in mathematics is worth it because it will help me in the work that | want to do later on;
e  Learning mathematics is worthwhile for me because it will improve my career prospects;

e  Mathematics is an important subject for me because | need it for what | want to study later on ;

e | will learn many things in mathematics that will help me get a job.

Students could answer that they strongly agreed, agreed, disagreed or strongly disagreed with the above
statements. Positive values on this index indicate higher levels of instrumental motivation to learn mathematics.
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Figure 5.6 Comparison of indices of valuing/motivation in mathematics in TIMSS and PISA
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249, Figure 5.6 shows a comparison of PISA and TIMSS indices on valuing/motivation in
mathematics. The correlation between TIMSS “Vauing Mathematics index” and PISA “Instrumental
Motivation index” is 0.87, showing a close relationship between these two variables.

250. The similarities in the findings of PISA and TIMSS on student motivation and self-confidence in
doing mathematics provide some reassurance of the validity of the results. It also suggests that, regardless
whether the sample is age based or grade based, and whether the sample consists of 14 or 15-year-olds,
profiles of students' attitudes towards mathematics are largely stable.

Gender differencesin attitudes towards mathematics

251. One of the important findings in PISA is that, despite only moderate differences in mathematics
performance between girls and boys, where girls lag a little behind boys on average, there is a large
difference between attitudes of girls and boys towards mathematics.

A first striking finding is that while gender differences in student performance tend to be modest,
there are marked differences between males and females in their interest in and enjoyment of
mathematics as well as in their self-related beliefs, emotions and learning strategies related to
mathematics. (p.151, OECD, 2004)
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252. PISA made the comparisons between achievement differences and attitude differences based on
“effect size’® (p.152 — 153, OECD, 2004). In TIMSS, gender differences in attitude are not reported. In
this report, the average of TIMSS index of self-confidence was computed separately for girls and
boys. These indices are compared to PISA’s scale of self-confidence. The results are shown in Figure
5.7%%. Since the metrics of attitude indices are different in the two studies, the indices have been scaled
to have the same variance. So the actual relative positions of the index between PISA and TIMSS is
not important (consequently, no vertical scale unit is shown), but the relative size of the gender
difference within countries, and the trends across countries, can be compared.

Figure 5.7 Self-confidence in mathematics, by gender
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253. A number of observations can be made from the results shown in Figure 5.7. First, the rise and

fal of the lines across countries is similar between PISA and TIMSS. This means that countries where
students expressed high (or low) self-confidence are consistent in PISA and TIM SS. For example, in Japan
and Korea, students rated themselves low on the sdlf-confidence scale in both PISA and TIMSS. This has
been discussed in the section on self-confidence index where it is shown that the correlation between the
self-confidence index between PISA and TIMSS is high.

254, Second, in both PISA and TIMSS, boys expressed higher self-confidence in mathematics in
every country, except for Russiain TIMSS. In PISA, al 19 countries” had a higher mean achievement
score for boys®, so it is expected that boys would have higher self-confidence score than girls. However,
in TIMSS, girls had a higher mean achievement score® in eight of the 19 countries, but girls had lower
self-confidence than boys in all countries except for the Russian Federation. This supports the finding in
PISA that the gender gap in attitudes towards mathematics is larger than the gender gap in achievement
scores.

20. Effect size is a measure of the magnitude of the difference in relation to the variance of al the scores (see
Box 3.3, p117, OECD, 2004).

21. Note that data for Spain-Basque country, Canada-Ontario and Canada-Quebec are not available for this
graph

22. Data for Canada-Ontario, Canada-Quebec and Spain-Basque country are not available.

23. Although not always statistically significant.

24, Although not always statistically significant.
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255. Third, the magnitude of the gender difference in self-confidence for each country is similar
between PISA and TIMSS results. For example, in TIMSS, the gender gap in self-confidence is small for
Indonesia, Latvia, the Russian Federation and the Slovak Republic. In PISA, these countries aso have
relatively smaller gender differences. On the other hand, the Netherlands and Sweden have larger gender
differences in self-confidence in both PISA and TIMSS. In general, in both studies, Eastern European
countries tend to have smaller gender gap in self-confidence, while Western countries and Asian
countries have larger gender gap. Thisis an interesting observation in itself and further investigation will
be worthwhile to study how Eastern European countries reduce gender gap in attitudes towards
mathematics, or, how Western and Asian countries create gender gap.

256. Fourth, the correlation of the magnitude of gender gap in self-confidence between PISA and
TIMSS is moderately high (0.72), as compared to the correlation of the gender gap in mathematics
achievement between PISA and TIMSS (0.25). This suggests that attitude scales are more invariant than
achievement scales. Achievement scales are more sensitive to variations such as years of schooling and
the content balance of the assessments. Importantly this moderately high correlation between the surveys
in magnitude of gender gap in self-confidence validates the findings from each survey and suggests that
this gender gap is quite established across the ages of 14 to 16 years.

257. Fifth, the correlation between gender gap in achievement and gender gap in self-confidence
across countries is relatively weak in both PISA and TIMSS. That is, in countries where boys outperform
girls by a great deal, the difference in self-confidence is not necessarily large. However, in TIMSS, the
relationship is dightly stronger than the relationship in PISA, with a correlation of 0.25 for TIMSS, and -
0.31 for PISA! This could be due to differences in the nature of the two assessments. While, in TIMSS,
the test is more curriculum-based, so performance on the test has a closer relationship with teaching and
learning in schools, which in turn relates to students self-confidence as they work with mathematics in
schools, while, in PISA, the test is not so curricular focused. The extent to which students can solve PISA
items may not be as closely related to school-based instructions asin TIMSS.

258. In this section, only the self-confidence index is examined. It is expected, however, that other
attitudinal indices will provide similar findings.

Socio-economic Background of Students

259. Both PISA and TIMSS collected information on a number of student background variables. PISA
reported students' performance in relation to parental occupation, parental education, possessions, single
parent family, immigrant status and language spoken at home. TIMSS reported student performance in
relation to parental education, language spoken at home, number of books in the home, availability of
study desk/table in the home, and the use of computers at home and at other places.

260. In relation to parental education, TIMSS found that, on average, for the Grade 8 cohort, students
with university-educated parents® scored more than 90 points higher than students whose parents had
primary or lower education (IEA, 2003, p.127). In PISA, on average across OECD countries, students
whose fathers completed tertiary education scored around 90 points higher than students whose fathers
completed primary or lower secondary education (OECD, 2004, Table 4.2c). While the score units are not
exactly the same in PISA and TIMSS, and the composition of the countries are different in the two
surveys, it is still evident that both surveys found a significant impact of parental education on student
performance in mathematics, and the magnitude of the impact is also of similar order of magnitude.

25, Thisis defined as the highest education level of either parent
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261. In relation to home possessions, TIMSS reported student performance against each type of home
possessions (the number of books at home, the provision of a desk/table, and the availability of a computer
at home) separately. In contrast, PISA constructed an index of cultural possessions from the number of
classical literature, books of poetry and works of art in students homes (OECD, 2004, p.166; OECD,
2004, Table 4.2d; OECD, 2005, p.283). A direct comparison of results is difficult because different
variables were used in PISA and TIMSS. However, both PISA and TIMSS found a strong relationship
between home possession and student performance.

262. The PISA report (OECD, 2004) provided a more detailed analysis on the impact of socio-
economic status on students’ performance, both at individual student level and at the school level.

263. Despite differences in the collection of student background variables, the message is clear from
both PISA and TIMSS that student background has a significant impact on achievement level.

Summary

264. This chapter explores similarities and differences in the findings of PISA and TIMSS in relation
to student backgrounds and attitudes towards mathematics.

265. On the surface, it appears the PISA found that boys performed better than girls, while TIMSS
found little gender differences for the grade 8 cohort. On a closer examination of the results, however, the
different findings in PISA and TIMSS can be attributed to different cohort of countries and different
content balance in the respective tests. In particular, girls performed better in algebrain TIMSS, but there
were very few agebraitems in PISA. The pattern of gender differences is consistent between PISA and
TIMSS findings. For example, both TIMSS and PISA found that boys outperformed girls by the greatest
amount in the content areas of measurement and geometry (or space and shape as labeled in PISA). In
contrast, both TIMSS and PISA found the smallest gender difference for the number content area (or
guantity aslabeled in PISA).

266. Further, in both TIMSS and PISA, the spread of mathematics achievement distribution is larger
for boys than for girls.

267. Both PISA and TIMSS constructed indices of students sdlf-confidence. There is a strong
agreement in the measures of thisindex at the country level between PISA and TIMSS. Similarly, TIMSS
Valuing index and PISA’s Motivation index have a correlation of 0.89 between country means, showing a
close relationship between these two variables. In short, there is a good agreement between PISA and
TIMSS on the measures of students’ attitudes towards mathematics, despite different age groups in the two
surveys.

268. Information on students' socio-economic background was also collected in both PISA and

TIMSS. Both surveys found that socio-economic background had a significant impact on students
performance in mathematics.
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CHAPTER 6- CONCLUSIONS

Overview

2609. The concurrent testing of TIMSS and PISA in 2003 provided education researchers with a
unigue opportunity to gain an in-depth understanding of the results of internationa large-scale
assessments. Comparisons of the methodol ogies and the results between the two surveys led to a number of
important findings that not only would help us interpret the survey results, but also would help us plan
future surveys. This chapter discusses the findings and their implications for current and future PISA and
TIMSS surveys.

270. The most important finding in this report is that differential performances of countriesin TIMSS
and PISA can be accounted for by a number of factors. In particular, test content balance is the most
significant factor. Other factors include years of schooling and reading load in items. The identification of
factors not only enables us to draw valid conclusions from country scores and rankings, it also provides us
with evidence that both PISA and TIMSS conducted the surveys with rigorous procedures, since the results
can be cross verified and validated across the two surveys. Without two concurrent surveys, it would not be
possible to examine reliability and validity to this extent. Some specific findings and their implications are
discussed below.

Theimpact of content balance on achievement results

271. A re-classification of PISA items according to TIMSS content domains (number, algebra,
measurement, geometry and data) shows that PISA and TIMSS have quite different test content balance.
PISA has more number and data items, and fewer algebra items. The differences in test content balance
between the two surveys account for 66% of the variation of country mean score differences between PISA
and TIMSS. This finding suggests that mathematics curriculum coverage has a significant impact on
student performance in PISA and TIMSS, and it is consistent with TIMSS' finding that different countries
have different strengths and weaknesses in the five mathematics content areas (Exhibit 3.1, IEA, 2003).

272. A link between students’ performance and a country’s curriculum is a reasonable conjecture, but
it is not readily established, as it involves an extensive survey of the curriculum of each country. TIMSS
conducted a survey of the mathematics curriculum in each country. However, the results of the curriculum
survey were not examined closely in relation to the rdative performance of each country in each
mathematics topic. There is only one note in the TIMSS 2003 International Mathematics Report (IEA,
2003) about the link between curriculum coverage and achievement results:

Although the relationship between inclusion in the intended curriculum and student achievement was
not perfect, it was notable that several of the higher-performing countries reported high levels of
emphasis on the mathematics topics in their intended curricula and that those with the lowest levels of
curricular coverage came from the lower half of the achievement distribution. (p.182, IEA, 2003)

273. Below we take alook at the relationship between the implemented curriculum (as represented by
instructional time) and achievement scores.

274. A survey of the percentage of instructiona time in mathematics class devoted to TIMSS content
areas shows some variations across countries (Exhibit 7.4, IEA, 2003). For example, in the Russian
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Federation, only 3% of time in mathematics class is devoted to the data strand at Grade 8 level, whilein
Australia, 14% of time is devoted to the data strand. One might hypothesise that such differences in
curriculum emphases of different mathematics content areas will lead to differential student performances
in the content areas. To test this hypothesis, the correlation between Percentage time in mathematics
class devoted to a content strand and Deviation of achievement score in TIMSS content strand from
TIMSS mean score is computed and presented in Table 6.1.

Table 6.1 Correlation between percentage of instructional time and achievement score in TIMSS 2003
expressed as deviation from the TIMSS mean score over 20% countries

Correlation p
Number -0.043 0.87
Algebra 0.540 0.045
M easurement 0.223 0.389
Geometry 0.708 0.001

275. Thefiguresin Table 6.1 show that, in geometry, instructional time has a high correlation with the
TIMSS achievement score. In algebra and data, the relationship between instructional time and
achievement score is moderate. In measurement, the relationship is low. In number, there appears to be no
relationship between the amount of instructional time and achievement score! These results may be
consistent with the view that number, measurement and data are topics which one encounters frequently in
everyday life, but algebra and geometry are topics that need to be studied formally to understand the
concepts and the use of specia terminology, symbols and formulae. In PISA, there are few algebra and
geometry items. Consequently, it could be said that the PISA test contains items that require less direct
instruction on the specific mathematics content. From this point of view, the PISA achievement score
reflects everyday use of mathematics, which may or may not be learned at schools, while TIMSS
achievement score reflects more school mathematics. It should aso be noted that instructiona time in
Table 6.1 isfor Grade 8. Some countries teach topics such as number and measurement mostly in primary
schooals, so that instructional time at Grade 8 level could be quite little. But this does not necessarily
indicate that the topics are not taught. Rather, they are taught in earlier grades.

276. Accordingly, a country with a high score in PISA shows that the students are good at “everyday
mathematics’, while a high score in TIMSS shows that the students are good at “school mathematics’.
For example, in terms of country mean scores, Australia performed significantly better than Hungary in
PISA, but Hungary performed significantly better than Australia in TIMSS. One might conclude that
students in Hungary are better at typical school mathematics than Australian students, but they are not as
good as Australian students in using mathematics for everyday life applications. The fact that there are
differences in country rankings between PISA and TIMSS results suggests that, at least in some countries,
school mathematics has not prepared students as well in the application of mathematics as in academic
mathematics. Conversely, there are countries that have not prepared students as well in specialist areas of
mathematics, such as algebra and geometry, as they have prepared students in solving mathematics
problems in everyday life. The question as to which approach is better or which curriculum balance is the
best will be for the education policy makers in each country to consider in their own context, and,
certainly, neither PISA nor TIMSS alone should set the directions for future mathematics curriculum
reform.

2717. As content balance has such a significant impact on country performances in mathematics, to
establish reliable trend indicators from one survey cycle to another, each survey will need to maintain a
stable frame of reference in terms of content balance. This may be more difficult to achieve in PISA than

26 Note that there are no data for the instructional time by content domain for England and Scotland.
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in TIMSS, since PISA does not examine content balance in terms of traditional mathematics curriculum
strands. Given that there is not a one-to-one mapping between the Overarching Ideas and traditional
mathematics curriculum strands, the PISA content balance in terms of traditional mathematics curriculum
strands may vary across different cycles of PISA. Thisissue needs to be monitored carefully. On the other
hand, the content balance of an assessment cannot be static over many years, since the world will change
over time. What is relevant now may no longer be relevant in ten years' time. So test content must change
accordingly. One can already see changesin TIMSS, such as the permission to use calculators in the
testsin 2003.

278. Even if the test contents can stay relatively stable across survey cycles, the curricula of countries
change continually (Leung, Graf & Lopez-real, 2006). TIMSS (IEA, 2003, p.165) also reported that the
curricula in participating countries were being revised constantly. This in turn will affect trend estimates
for the countries. Therefore, as a note of caution, in ng trends across survey cycles, factors such as
content changes in the tests or curriculum changes within countries must be taken into account.

279. The impact of content balance on achievement also casts some doubts about the reliable measure
of growth between two grade levels, particularly if the grade levels are far apart, since the alignment of
content between different grade levels will be difficult, as topics and content inevitably change across
school grades. For example, algebrais usually not taught until secondary schools. Arithmetic computations
are more the focus of primary schools but not secondary schools. In primary schools, students mostly
work with concrete representations while secondary school students often work with abstract
representations. These differences in content balance between primary and secondary school mathematics
will make any measure of growth difficult when students cannot easily make use of their knowledge and
skills across different content areas.

280. More generally, one message for developers of assessments of mathematics is that the issue of
content balance should receive careful consideration and discussion, as performance results may be
sengitive to the composition of items from different content areas. The assumption made in many
assessment programmes about the uni-dimensionality of mathematics items may need careful checking.
That is, there is some evidence that mathematics items in PISA and TIM SS measure multiple abilities than
asingle ability.

Theimpact of reading load on mathematics achievement results

281. Leaving aside the three South-East Asian countries (Japan, Korea and Hong Kong-China), PISA
reading country mean score is found to be a good predictor of the differences between TIMSS and PISA
scores. As there is a considerable amount of reading in PISA tests compared with TIMSS tests, it is
reasonable to assume that poor readers will not perform as well in PISA asin TIMSS. It is also possible
that, in countries where reading achievement is relatively higher, students may be exposed to an
environment which facilitates mathematics problem-solving skills in everyday life. For example, students
may read newspapers more often, and be familiar with presentations of charts and diagrams for summary
of information, or, students may have more opportunity to be intelligent consumers such as through
reading adverti sements of mobile phone cost plans. Unfortunately, it is difficult to disentangle these factors
from the current datasets.

Grade-based and age-based samples
282. It has been contentious whether a grade-based sample or an age-based sample provides the most
comparable results in international surveys. The proponents for an age-based sample (OECD, 2004, p.27)

argue that, as each country has different school systems with different number of years of pre-schools, it is
difficult to define a grade at which the number of years of schooling is aligned across countries. In
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contrast, an age-based sample defines the population according to an age range, where age is aways
clearly defined. However, in the case of an age-based sample, the number of years of schooling will clearly
be different across countries. Proponents for a grade-based sample (IEA, 2003, p18) argue that thereis a
better chance to align the number of years of schooling with grade-based sample. Further, a grade-based
sample provides the opportunity to collect information about classroom instructions and implemented
curriculum for comparison across countries.

283. This report shows that the age at time of testing of TIMSS can be matched with the number of
years of schooling in PISA for most countries. This finding shows that both the TIMSS sample and the
PISA sample provide the same degree of comparability across countries, in that neither provides a more
stable frame of reference than the other, since both samples can be cross-checked in age and grade.

284. However, the number of years of schooling does have an impact on mathematics achievement.
One year of schooling could increase the average achievement by 20 to 40 score points. Therefore, in
comparing the differences between TIMSS and PISA results, the number of years of schooling in PISA
should be taken into account. A recommendation from this report is that both PISA and TIMSS should
endeavour to obtain a better measure of the number of years of schooling, as even a fraction of a year of
schooling will make some differences to the achievement scores. Since the rough measure of the number
of years of schooling constructed in this report already can provide some analytic power in explaining
achievement differences in TIMSS and PISA, any refinement of the rough estimates produced in this
report should be an improvement.

Correlated factors

285. While we have identified a number of factors that have an impact on achievement scores, the
picture is not so clear as to the causal relationships between achievement levels and the identified factors.
It appears that many factors are correlated, sometimes for no clear and obvious reasons. For example, it
appears that students in Asian and Eastern European countries tend to start school later than Western
countries. These same countries aso tend to have a curriculum that is oriented towards an emphasis on
formal mathematics. A check on the correlation between the variable TIMSS advantage index and TIMSS
age at time of testing shows a correlation significantly different from zero (correlation=0.487, p=0.035). It
is possible that cultural factors could have an impact on both the school systems (in terms of age of entry,
etc.) and the curriculum (in terms of formal mathematics versus mathematics for application, etc.), so
that groups of countries have similar profilesin a number of aspects of mathematics education.

Gender and attitudinal differences

286. The comparisons of gender differencesin PISA and TIMSS in this report (Chapter 5) highlight
at least two important points. First, gender differences are not uniform across mathematics content
domains. In particular, for spatial tasks and measurement tasks, boys outperform girls by the greatest
amount. This finding has implications for instructional measures to address gender differences. For
example, particular kinds of tasks may be designed to engage girls and boys in different ways. Second,
gender differences are not uniform across countries. Is there a hint of suggestion that boys outperform girls
in mathematics in more developed countries such as OECD member countries? If so, this would seem
contrary to expectations that more developed countries would generally have better addressed the equity
issue between girls and boys. Is there a stereo-typing promoted in developed countries? The contrast in
TIMSS and PISA results regarding gender differences prompts us to examine gender issues in further
depths.

287. Both PISA and TIMSS reported similar findings in students' attitudes towards mathematics. The
most important one is that there is a larger gender gap in attitudes towards mathematics than in
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mathematics achievement, with boys feeling more positive and confident towards mathematics than girls.
The combined results of TIMSS and PISA provide us with a more complete picture of students' attitudes
towards mathematics. In particular, there is still much to learn by Western countries from Eastern
European countries about reducing the gender gap in students’ attitudes towards mathematics.

And finally...

288. A number of important findings in this report could only be made when there are two
international surveys conducted at the same time. From this point of view, the two surveys contribute not
only to cross-national comparisons, but also to the validation of similarities and the identification of
differences in the results of the two surveys. The interpretations of the results from each survey are
enhanced by the cross validation by the other survey. It is comforting to all involved in the surveys to
know that the results between the two surveys can be quantitatively validated and crosschecked. It shows
that the surveys are conducted with rigour and sound theoretical underpinnings.

289. However, the fact that the results from the two surveys can be corroborated quantitatively
suggests that there is some duplication in the outcomes of the surveys, at least in the results in the
internationa reports. The findings in this report highlight the importance of making careful interpretations
of results for each country individually, since there are country specific factors that impact on student
performance. Consequently, international reports are just the first steps in presenting data collected in these
surveys. National reports should be viewed with greater importance for examining the data in more depth
in relation to cultural and policy factors specific to each country.

290. In making comparisons between PISA and TIMSS results at the international level, it should be
remembered that PISA results reflect rlative performance of countries on a set of desirable mathematical
proficiencies for everyday life (as set through a consensus building process guided by the PISA
mathematics expert group). In contrast, TIMSS results reflect how well countries performed against
important areas of current mathematics curricula as agreed by participating countries. The fact that these
two approaches to building the mathematics frameworks do not produce the same assessment results is
food for thought for both curriculum devel opers and assessment practitioners.

291. Looking ahead, for future cycles of PISA and TIMSS, many issues raised in this report should be
considered in order to provide the best strategies in producing internationally useful and valid results with
maximum efficiency for the countries. This calls for collaboration between the two surveys so that the
results from the surveys can complement each other, rather than duplicate each other.
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