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Foreword

This thematic report explores results of the 2003 cycle of the Programme for International
Student Assessment (PISA) in order to identify teaching and learning strategies that contribute
to increased achievement, particularly in mathematics. The analysis helps to clarify an under-
standing of the following: (i) the differences between teaching and learning practices across
countries that can allow countries to benchmark practices; (ii) the extent to which teaching
and learning practices vary among schools in each country; and (iii) the extent to which indi-
vidual aspects of teaching and learning strategies are associated with better performance in

mathematics.

Teaching strategies range from the ways in which classrooms and resources are organised
and used to the ways in which teachers and students engage in day-to-day activities in order
to facilitate learning. Student learning strategies include the cognitive and meta-cognitive
processes employed by students attempting to learn something new. PISA measures these
strategies using a variety of questionnaire items, which can be combined and scaled to yield
a number of composite or index variables representing broad constructs. Examples of the
constructs examined here are disciplinary climate, teacher-student relations, memorisation

strategies and time spent on various learning activities.

After presenting the theoretical framework, the report follows a two-stage analytical
approach. It first offers an analytical description of mathematics teaching and learning in dif-
ferent countries and identifies similarities and differences between countries. In the second
stage, the report presents findings generated from a multilevel, prediction model of the factors
influencing mathematical achievement. After controlling for other factors, this model shows
the “unique” effects of a particular factor on achievement. The results presented in this report
are mainly based on separate analyses for each country. The within-country results are then

combined to allow for comparisons across a range of countries.

The report offers useful information and analyses to education policy makers and academic
researchers concerned with mathematics teaching and learning strategies. Further analysis
of the effects of these strategies on student learning, particularly in reading and science, are
used and will be possible to use in later PISA surveys. This report also offers suggestions on
how to improve data collection and measurement of teaching and learning strategies in large
international cross-sectional surveys such as PISA.

This report is the product of a collaborative effort between the countries participating in
PISA, the experts and institutions working within the framework of the PISA Consortium,
the OECD, and Edudata Canada at the University of British Columbia. Robert Crocker,
professor emeritus at Memorial University of Newfoundland, the principal author, drafted

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010

Foreword IR

3



Foreword

4

the report with the collaboration of Christian Monseur, University of Liege, Victor Glickman,
University of British Columbia, Ben Levin, University of Toronto, Linda Schachter, L. L. Schachter
Research, John Anderson, University of Victoria, Charles Ungerleider, University of British
Columbia, and Andreas Schleicher, Claire Shewbridge and Pablo Zoido from the OECD.
Julia Tompson proposed editorial comments, Juliet Evans provided administrative guidance,
Elisabeth Villoutreix, Niccolina Clements and Simone Bloem offered editorial input, and Peter

Vogelpoel prepared the typesetting of the report.

Lorna Bertrand Barbara Ischinger
Chair of the PISA Governing Board Director for Education, OECD
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Executive Summary

MAIN MESSAGES

Teaching and learning practices vary widely across educational systems and across schools within systems.

Teaching and learning strategies are an important area of educational policy and practice. An
international perspective on these issues informs students, parents, teachers, policy makers and
other stakeholders about the most common patterns in their system, how these compare to other
countries, and how these practices vary across schools within these systems. When examining these
issues, it is important to inform students, parents, teachers, policy makers and other stakeholders
about the most common patterns in their systems and how teaching and learning practices vary
from school to school within these systems. An international perspective can also add important
insight on how countries’ education systems compare to one another. This report offers that kind
of insight particularly for the countries involved in the PISA 2003 cycle. The analysis of how teach-
ing and learning practices are linked to student performance is, however, more limited, given the
international cross-sectional nature of surveys, such as PISA, and the need for very fine and detailed

data for the analysis of these issues.

Teaching and learning strategies are complex processes that interact with one another, suggesting that
in-depth, context-specific analyses are necessary to fully understand each strategy’s role in enhancing student

performance.

With a few interesting exceptions, most teaching and learning strategies do not have a direct, robust
and consistent relationship with student performance across countries. The relationship between
the strategies and performance tends to be moderated by other factors such as student attitudes and
background, suggesting that these issues cannot be analysed separately.

Disciplinary climate is the main teaching-related variable that shows a robust and consistent association

with better performance, both at the individual and school levels.

Across most countries, a strong disciplinary climate is consistently and robustly associated with
better performance. The analysis shows that beyond the individual level, policies targeted to
improve the disciplinary climate at the school level also yield positive effects. Determining how to
address schools and individuals facing a challenging disciplinary climate should therefore be a prior-
ity for further in-depth, policy oriented studies.

Student background continues to be among the main determinants gf performance, even qfter adjusting for
teaching and learning strategies, which suggests that these processes only play a limited moderating role
for disadvantaged students.

A combined analysis of teaching and learning strategies with student background and other anteced-
ents shows that different practices, even if they vary a lot, do not significantly moderate the effect
of socio-economic background. There is little evidence that teaching and learning strategies play a
significant role in reducing the effect of socio-economic background on student performance.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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Student attitudes, such as confidence with or anxiety towards mathematics, play a mediating role with
respect to some teaching and learning strategies, and maintain their strong association with student

performance even after adjusting for these strategies.

The relationship between student performance and many of the teaching and learning strategies, in
particular, meta-cognitive strategies, is mediated by student attitudes. A potential area of further
research, these mediating effects may explain the lack of evidence for a direct relationship between
performance and these strategies, in particular, meta-cognitive strategies or student preferences
for a cooperative or a competitive environment. It is, however, hard to evaluate how much of this

research can be accomplished with international, cross-sectional studies such as PISA.

OVERVIEW OF THE REPORT’'S APPROACH

This thematic report presents new evidence on teaching and learning strategies for mathematics
that emerges from the PISA 2003 assessment and complements the results discussed in other PISA
reports (e.g. OECD, 2004, 2005). The report’s analysis clarifies understanding of the following:
the differences across countries between teaching and learning practices, which allow countries
to benchmark practices; the extent to which teaching and learning practices vary from school to
school within each country; and the extent to which individual aspects of teaching and learning are

associated with better or worse performance in mathematics.

The report will be useful for education policy makers and other stakeholders and concerned with
the study of teaching and learning. It will also prove insightful for academic researchers wanting to
identify research questions for follow-up studies. This report may thus help stimulate a new round
of research designed to gather more detailed information on teaching and learning strategies.
Recent examples include the OECD Teaching and Learning International Survey (TALIS) (OECD,
2009), which takes a large step in this direction, as well as the upcoming PISA 2012, which will
again focus on mathematics and be another opportunity to build on the methodology and results
presented in this report. In addition, this report may be of interest to teacher educators and officials
within national and local educational authorities who are responsible for the professional develop-

ment of teachers, programmes, and school boards and parent advisory bodies.

The report first surveys the theory and measurement of teaching and learning strategies. Teaching
strategies refer to a broad range of processes, from the way in which classrooms are organised and
resources are used to the daily activities engaged in by teachers and students to facilitate learning.
Student learning strategies refer to cognitive and meta-cognitive processes employed by students
as they attempt to learn new topics. In PISA, teaching and learning strategies are measured using
a variety of questionnaire items, which in turn are combined and scaled to yield a number of
composite or index variables representing broad constructs. Examples of these constructs include
disciplinary climate, teacher-student relations, memorisation strategies and time spent on various
learning activities. In PISA 2003 these measures were specifically geared towards the learning of
mathematics. The TALIS survey extends the analysis of these strategies, their relationship to each
other and their links to teacher beliefs. Further analysis on the effects of these strategies on student

learning, particularly in reading and science, will be possible in later PISA surveys.

Most of the results presented in this report are based on separate analyses for each country. The
within-country results are then combined to allow for comparisons across a range of countries. The

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



report follows a two-stage analytical approach. The first stage involves a comparative analysis of
mathematics teaching and learning in order to describe how mathematics is taught in different coun-
tries. The report then examines variations across schools within countries and, on the basis of these
analyses, presents a broad profile of commonalities and differences in mathematics teaching and
learning strategies. While limited in their ability to provide explanations for differences in teaching
methodology, the results can inform policy makers in individual countries how their situation might

relate to or differ from that of other countries in terms of consistency or variety among schools.

The second stage of the analysis utilises a comprehensive two-level, student and school, prediction model
of the factors influencing mathematics achievement. Here the primary emphasis is on the teaching and
learning strategy variables. The analysis adjusts for a number of antecedents, which are introduced into
in stages before entering the teaching and learning variables. This approach allows the predictive power
of the model to be determined as groups of variables are inserted. The basis of the final reporting of the
effects of each of the main variables is the full model. This approach offers a more complete picture of
the real world of teaching and learning, compared to that provided by the intermediate models, and may
be of more interest from a policy perspective. The report then examines mediating effects, in part by
the use of bivariate analysis, to compare effects using the full model versus each variable independently.

ORGANISATION OF THIS REPORT

Chapter 2 depicts a complex and widely varying picture of mathematics instruction, both within
and across participating countries. It examines the characteristics of students, schools and countries
in terms of various teaching and learning strategies, as well as the distribution of these character-
istics. The chapter notes observed associations between various aspects of teaching and learning
strategies and mathematics performance, as well as the extent to which these associations correlate
with higher student achievement.

Chapter 3 examines how selected features of teaching and learning affect performance in mathematics after
other characteristics of students and schools are taken into account. The features measured cover the ante-
cedents to learning, the effects of teaching and learning, and teaching strategies. The analysis divides the
total variation in students” performance in mathematics into “between-student” and “between-school” com-
ponents. The chapter presents results for each country separately. In addition to examining the observed
association between various factors and performance, and the unique effects of these factors once other

factors have been accounted for, the chapter discusses the interactions between the different measures.

Chapter 4 summarises the report’s main results, identifies relevant educational policy and prac-
tice issues, and examines the extent to which the available results respond to these issues. The
chapter also considers the design of PISA in light of the interpretation issues encountered in this
study. It seems that the use of teaching and learning strategies does not significantly mitigate the
disadvantaged social backgrounds of some students. PISA shows that teaching and learning factors
are related to mathematics achievement, but this relationship is not necessarily bi-directional or of
similar magnitude across all the countries and economies studied. Country differences stand out
for many of these variables, a finding which suggests that effects may be best interpreted within
countries or clusters of countries with similar cultural backgrounds or school systems.

Chapter 5 concludes this report and summarises the main policy insights that can be drawn from

the evidence presented in the previous chapters.
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Reader’s Guide

ABBREVIATIONS USED IN THIS REPORT

Organisations

The following abbreviations are used in this report:

ACER
OECD
PISA
TCMA
TIMSS

Country codes

Australian Council For Educational Research

Organisation for Economic Co-operation and Development
Programme for International Student Assessment
Test-Curriculum Match Analysis

Trends in Mathematics and Science Study

OECD Countries

CODE COUNTRY CODE COUNTRY

AUS Australia MEX Mexico

AUT Austria NLD Netherlands

BEL Belgium NZL New Zealand

CAN Canada NOR Norway

CzE Czech Republic POL Poland

DNK Denmark PRT Portugal

FIN Finland KOR Korea

FRA France SVK Slovak Republic

DEU Germany ESP Spain

GRC Greece SWE Sweden

HUN Hungary CHE Switzerland

ISL Iceland TUR Turkey

IRL Ireland GBR United Kingdom (England, Wales

ITA Ttaly and Northern Ireland)

JPN Japan SCO Scotland

LUX Luxembourg USA United States
OECD Partner Countries and Economies

CODE COUNTRY CODE COUNTRY

BRA Brazil PER Peru

HKG Hong Kong-China RUS Russian Federation

IDN Indonesia YUG Serbia

LVA Latvia THA Thailand

LIE Liechtenstein' TUN Tunisia

MAC Macao-China URY Uruguay

1. Liechtenstein’s results are not included in results requiring a separate national scaling of

item values as the sample size in the country was too small to provide an accurate result.
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TECHNICAL DEFINITIONS

Item difficulty — Historically, item difficulty is the proportion of those taking an item, or test, which
get the item correct. Within situations employing item response theory (IRT) modelling of response
to items relative to the underlying trait (e.g. mathematical literacy in the area being measured), item
difficulty is the value on the trait scale where the slope of the item’s corresponding item response

function reaches its maximal value.

Fifteen-year-olds — The use of fifteen-year-olds in the discussion of the PISA sample population refers
to students who were aged between 15 years and 3 (complete) months and 16 years and 2 (complete)
months at the beginning of the assessment period and who were enrolled in an educational institu-
tions regardless of grade level or institution type or if they were enrolled as a full-time or part-time
students.

OECD average — Takes the OECD countries as single entities, each with equal weight. Hence, an
OECD average is a statistic generated by adding the country averages and dividing by the number
of OECD countries involved. The OECD average provides data on how countries rank relative to
the set of countries within the OECD.

OECD total — Takes the OECD countries merged as a single entity to which each country contrib-
utes in proportion to the number of its students in the appropriate population. The computation
of the OECD total involves the sum total of the outcome variable of interest divided by the total
number of data-related students within the OECD countries. The OECD total provides a compari-
son statistic for the total human capital present with the OECD countries.

Rounding of numbers — Because of rounding, some columns or groups of numbers may not add up to
the totals shown. Totals, differences, and averages are always calculated on the basis of exact num-
bers and then rounded after calculation.

SYMBOLS FOR MISSING DATA

Six symbols are employed in the tables and charts to denote missing data:
a  Data is not applicable because the category does not apply.

¢ There are too few observations to provide reliable estimates (i.e. there are fewer than 3% of
students for this cell or too few schools for valid inferences). However, these statistics were
included in the calculation of cross-country averages.

m  Data is not available.

n  Magnitude is either negligible or zero.

S.E. Standard error.

w  Data has been withdrawn at the request of the country concerned.

x  Dataincluded in another category or column of the table (e.g. x(2) means that data are included
in column 2 of the table).

FURTHER DOCUMENTATION

For further documentation on the PISA assessment instruments and the methods used in PISA, see
the PISA 2003 Technical Report (OECD, 2005), the Australian Council of Educational Research
PISA site (www.acer.edu.au/ozpisa) and the PISA web site (www.pisa.oecd.org).
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Overview and Rationale for
the Study

This chapter provides an overview and rationale for this report, situating the study in the
context of PISA research endeavours for both the past and the future. It describes early
research on teaching and learning strategies and lays out the theoretical framework, key
index and control variables which are derived for the examination of teaching and learning

strategies and associated with higher mathematics performance.
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OVERVIEW OF PISA

The Organisation for Economic Co-operation and Development’s (OECD) Programme for International
Student Assessment (PISA) began in 1997. Developed jointly by OECD member countries through
the OECD’s Directorate for Education, PISA measures the extent to which students are acquiring
some of the knowledge and skills that are essential for full participation in today’s knowledge society.
PISA has an important role in the work of the OECD’s Directorate for Education, which collects data
and provides comparative indicators of education systems in OECD member and partner countries.
PISA helps to highlight those countries which achieve both high performance and an equitable distri-
bution of learning opportunities, and in doing so sets ambitious goals for other countries.

PISA’s global span, regularity and test population are unique. More than 70 countries have taken
part in one or more PISA surveys so far (see Figure 1.1). Beginning in 2000, these surveys have
taken place at three-year intervals. The 2000 survey covered 32 countries and had reading as its
major focus, with minor assessments in mathematics and science. The 2003 survey was carried out
in 41 countries and had mathematics as its major focus, with minor assessments in reading, science
and problem solving. The 2006 survey took place in 58 countries and focused on science, with
minor assessments in reading and mathematics. All PISA surveys assess 15-year-old students, an age
at which young adults are nearing the end of compulsory schooling in most countries.

In addition to the assessment instruments, PISA also includes detailed questionnaires to be completed
by students and school principals. These questionnaires gather a variety of data on student back-
grounds, behaviours and attitudes, student perceptions, teaching practices, school characteristics,
the organisation of instruction and other factors that may be reported comparatively and used to help

account for differences in achievement.

Figure 1.1 m A map of PISA countries and economies

o

u | :

OECD : Partner countries and : Partner countries and economies in
countries economies in PISA 2006 previous PISA surveys or in PISA 2009
Australia Korea : Argentina Liechtenstein : Albania

Austria Luxembourg : Azerbaijan Lithuania : Shanghai-China

Belgium Mexico : Brazil Macao-China : Macedonia

Canada Netherlands : Bulgaria Montenegro : Moldova

Czech Republic  New Zealand * Chile Qatar : Panama

Denmark Norway : Colombia Romania : Peru

Finland Poland : Croatia Russian Federation : Singapore

France Portugal : Estonia Serbia : Trinidad and Tobago

Germany Slovak Republic i HongKong-China Slovenia :

Greece Spain : Indonesia Chinese Taipei

Hungary Sweden : Israel Thailand

Iceland Switzerland ¢ Jordan Tunisia

Ireland Turkey : Kyrgyzstan Uruguay

Italy United Kingdom : Latvia

Japan United States :

Source: OECD (2007).
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The OECD publishes the main results from each PISA survey in the year after the assessment has
taken place. Participating countries also prepare individual country reports. In addition, the OECD
publishes thematic reports drawing on the data from each PISA survey in order to present more
detailed analysis of policy-relevant issues. This thematic report focuses on teaching and learning
strategies and uses data from the PISA 2003 survey.

AIM AND AUDIENCE OF THIS REPORT

The analysis in this report may help clarify understanding of: the differences between teaching
and learning practices in different countries, thus allowing countries to benchmark practices; the
extent to which teaching and learning practices vary from school to school within each country,
and the extent of the association between individual aspects of teaching and learning and better or
worse performance in mathematics. The report will be useful for policy makers and stakeholders
who need to understand better how their systems and school compare with those in other coun-
tries and economies who participated in PISA 2003. It may also provide insights for the design and
implementation of educational policies aiming at improving the quality of education for all students.

In addition, this report may be of interest to teacher educators and officials within national and
local educational authorities responsible for the professional development of teachers or programme
development, as well as members of school boards and parent advisory bodies.

The report will also be useful to researchers concerned with the study of teaching and learning, particu-
larly in identifying research questions that warrant follow-up through more intensive studies. Indeed, this
report should be useful in helping to stimulate a new round of research designed to gain more detailed
knowledge of teaching and learning strategies than is possible through large-scale survey methods.

BACKGROUND OF THIS REPORT

The report examines relationships among teaching strategies, student learning strategies and math-
ematics achievement, using data from the PISA 2003 survey. Figure 1.2 describes the PISA 2003
achievement scales in mathematics, reading and science. Because in 2003 mathematics was the focus of
the PISA assessment and the questionnaires, this report concentrates on performance in mathematics.

The primary aim of this report is to identify instructional practices and learning strategies, both in
general and within mathematics, that contribute both to increased achievement and to decreased
variation in achievement. It also examines the degree to which such strategies are universal or
context-specific and how these strategies may be related to the structure of school systems in dif-

ferent countries.

The overarching conceptual model for this report is the idea that the well-being of a modern society
depends not only on capital and labour but also on the knowledge and ideas generated by individual
workers. In particular, theory holds that economic benefits derive from investment in people, with
education as the primary means of development of this human capital, so that educational expendi-
tures are considered as investments (Sweetland, 1996). How then to maximise return on investment?

Long-term returns are beyond the scope of this report. Instead, it takes school achievement in
mathematics as measured by PISA 2003 as a proximate outcome. Figure 1.3 gives a summary of
overall student performance in different countries on the PISA 2003 mathematics scale, presented

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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Figure 1.2 m Summary of the assessment areas covered in PISA 2003

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

In order of closeness:
* personal;

* cducational and occupational;

¢ life and health;
¢ the Earth and the environment;

and

* local and broader community; and ¢ technology.

¢ scientific.

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

* public (e.g., an official document);
* occupational (e.g., a report);

* cducational (e.g., school related

reading).

Source: OECD (2004, Learning for Tomorrow’s World: First Results from PISA 2003, OECD, Paris.
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in terms of the mean student score. When interpreting mean performance, only those differences
between countries that are statistically significant should be taken into account. Figure 1.3 therefore
shows those pairs of countries where the difference in their mean scores is sufficient to say with
confidence that the higher performance by sampled students in one country holds for the entire

population of enrolled 15-year-olds.

Figure 1.3 m Multiple comparisons of mean performance on the mathematics scale

Mathematics
scale
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Austria
Germany
Ireland
Slovak Rep.
Norway
Luxembourg
Poland
Hungary
Spain
Latvia
United States
Russian Fed.
Portugal
Italy
Greece
Serbia
Turkey
Uruguay
Thailand
Mexico
Indonesia
Tunisia

Brazil

Range of rank*

OECD upperr:nk 1 1 1 1 6 6 8 10 9 1010 11 12 41 7 8 8 8 1 1 5 5 7 8
Lower rank 3 4 6 9 1010 5 14 15 16 17 18 19 19 20 22 2 2% 24 ok I 6 26 o7 3

All countries Upperrank 11 1 1 1 2 § 8 10 13 12 13 13 14 15 16 | 0 21 21 21 24 23 24 28 29 29 32 32 33 34 34 35 38 38
Lowerrank 5 5 6 8 11 12 13 13 18 17 18 19 20 21 22 21 2 5 5 7 8 8 29 8 31 1 1 333 6 36 36 40 40 40

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

within which the country mean lies with 95 per cent likelihood.

Instructions:

Read across the row for a country to compare performance with

Without the
Bonferroni
adjustment:

the countries listed along the top of the chart. The symbols indicate

whether the average performance of the country in the row is
significantly lower than that of the comparison country, significantly
higher than that of the comparison country, or if there is no

With the
Bonferroni
adjustment:

statistically significant difference between the average achievement

of the two countries.

Source: OECD PISA 2003 database.

However, it is possible to report the range of rank order positions

- Mean performance statistically significantly higher than in comparison country.

No statistically significant difference from comparison country.

I Mean performance statistically significantly lower than in comparison country.

A

v

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

_ Statistically significantly above the OECD average

Not statistically significantly different from the OECD average
Statistically significantly below the OECD average
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In Figure 1.3, a country’s performance relative to that of the countries listed along the top of the
figure can be seen by reading across each row. The colour-coding indicates whether the average
performance of the country in the row is either lower than that of the comparison country, not
statistically different, or higher. When making multiple comparisons, e.g. when comparing the
performance of one country with that of all other countries, an even more cautious approach is
required, and only those comparisons that are indicated by the upward or downward pointing
symbols should be considered statistically significant for the purpose of multiple comparisons.
Figure 1.3 also shows which countries perform above, at or below the OECD average. It is not pos-
sible to determine the exact rank order position of countries in the international comparisons (see
Box 2.1 in OECD, 2004 for details). However, Figure 1.3 shows, with 95% probability, the range
of rank order positions within which the country mean lies, both for the group of OECD countries
and for all countries that participated in PISA 2003.

Mean performance scores are typically used to assess the quality of schools and education systems.
Mean performance however does not provide a full picture of student performance and can mask

significant variation within an individual class, school or education system.

Achievement as measured by PISA has an impact on access to higher education and thus ultimately
on economic advantage and other longer-term outcomes contributing to the well-being of both the
individual and society. Pathways to Success (OECD, 2010), offers an example and shows for example
that top performing Canadian students in PISA are twenty times more likely to access university

than those performing at the bottom.

PISA results have shown that students’ socio-economic background is a strong predictor of achieve-
ment (OECD, 2001; OECD, 2004; OECD, 2007). In this report, socio-economic background is
a control variable in most of the models developed, to ensure that teaching and learning strategy
effects are treated independently of socio-economic effects. Furthermore, the productivity model
used may not be especially helpful in providing insights into the policies, strategies and practices
that might allow for higher achievement and greater equity in achievement, despite the utility of
such a model as an overarching way of establishing the importance of high achievement. However,
theory and research on teaching and learning can prove helpful, as discussed below.

DEFINITION AND RELEVANCE OF TEACHING AND LEARNING STRATEGIES

Teaching strategies refer to a broad range of processes, from the organisation of classrooms and
resources to the moment-by-moment activities engaged in by teachers and students to facilitate
learning. Student learning strategies refer to cognitive and meta-cognitive processes employed by
students as they attempt to learn something new. PISA measures teaching and learning strategies
using a variety of questionnaire items, which in turn are combined and scaled to yield a number
of composite or index variables representing broad constructs. Examples of these constructs are
disciplinary climate, teacher-student relations, memorisation strategies and time spent on various
learning activities. Further, PISA 2003 gears these measures specifically towards the learning of
mathematics. The recent publication of the first results from the OECD Teaching and Learning
International Survey (see Box 1.1) adds considerably to the knowledge of differences in the uses of
these strategies across participating countries, and affirms the importance of investigating these
strategies. Although TALIS does not examine the relationship of these strategies to student learn-
ing, this would be possible using data from subsequent cycles of PISA (e.g. PISA 2006 and 2009).

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Box 1.1 m The OECD Teaching and Learning International Survey

The OECD Teaching and Learning International Survey (TALIS) is the first international survey
in which the major focus is on the learning environment and the working conditions of teachers in
schools. TALIS offers an opportunity for teachers and school principals to provide input into educa-
tion analysis and policy development, by means of the issues examined in the survey. Cross-country
analysis from TALIS will allow individual countries to identify other countries facing similar chal-
lenges and to learn from other policy approaches. The main study took place in 2007-08 and an
initial report was published in 2009 (OECD, 2009). First results from TALIS appear below:

Creating effective teaching and learning environments

In most countries, the large majority of teachers are satistied with their jobs and consider that they
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make a significant educational difference to their students. Teachers are also investing in their
professional development, both in terms of time and often also in terms of money, an investment
which goes hand in hand with a wider repertoire of pedagogic strategies used in the classroom.

Better support for effective teaching is needed through teacher appraisal and feedback. The
generally positive reception by teachers of the appraisal and feedback which they receive on
their work indicates a willingness in the profession to move forward in this area.

TALIS highlights better and more targeted professional development as an important lever
for improvement in teacher effectiveness. Relatively few teachers participate in the kinds
of professional development which they find have the largest impact on their work, namely

programmes leading to a qualification, and individual and collaborative research.

The hardest issues to resolve relate to the actual improvement of teaching practice. Teachers
in most countries report using traditional practices aimed at transmitting knowledge in
structured settings much more often than they use student-oriented practices, such as adapt-

ing teaching to individual needs.

TALIS suggests that effective school leadership plays a vital role in teachers’ working lives
and that it can make an important contribution to shaping the development of teachers. In
schools where strong instructional leadership is present, TALIS shows that school principals
are more likely to use further professional development to address teachers’ weaknesses as

identified in appraisals.

The close associations that TALIS shows between factors such as a positive school climate,
teaching beliefs, co-operation between teachers, teacher job satisfaction, professional devel-
opment, and the adoption of a range of teaching techniques provide indications that public
policy can actively shape the conditions for effective learning. At the same time, the fact that
much of the variation in these relationships lies in differences among individual teachers,
rather than among schools or countries, underlines the need for individualised and targeted
programmes for teachers to complement the whole-school or system-wide interventions that

have traditionally dominated education policy.

Source: OECD (2009), Creating Effective Teaching and Learning Environments: First Results from TALIS .
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In their well-known synthesis of factors influencing achievement, Wang et al. (1993) put forward
the concept of proximity as a way of thinking about the relative effects of various factors. The gen-
eral hypothesis is that, proximal factors, or those which touch the day-to-day lives of students most
closely, are likely to be more influential than more distal factors, such as administrative charac-
teristics of the education system at the national level. For example, classroom management, meta-
cognitive processes, cognitive processes, home environment, parental support and student-teacher
social interactions show stronger relationships to achievement than broad state- and district-level
educational policies. This point is of crucial importance because it suggests that broad policy initia-
tives are likely to result in improved learning only if translated into change at the individual teacher

or student level.

Among the many factors that influence scholastic proficiency, teaching and learning strategies
are second only to home circumstances in their proximity to the day-to-day activities of students
and hence in their potential to influence performance directly. Teaching strategies also change
through educational policy initiatives and through teacher education and professional development.
Determining which teaching and learning strategies are most effective in improving overall per-
formance and reducing disparities in performance is one of the primary functions of educational

research and one of the most direct ways in which policy decisions can influence iearning.

From a policy perspective, it is also useful to consider briefly how strategies proved to be success-
ful may be implemented. It is important to distinguish those that can be put into practice through
teacher education from professional development or other policy initiatives within the control of
educational jurisdictions, as well as to distinguish those that can be implemented at relatively low
risk or low cost from those with significant risks or cost implications. Policy decisions based on
relatively weak evidence can be justified if the risks are small and the costs are low, but not under

other circumstances.

EARLY RESEARCH ON TEACHING AND LEARNING STRATEGIES

Although one might expect research on teaching strategies and on learning strategies to converge,
the two tend largely to follow separate paths. Much early work on teaching strategies follows a rela-
tively simple “process-product” model, under which the primary focus is on correlations between
classroom processes and student achievement. The archetypal study under this model is a small-
scale classroom observational study which categorises and correlates various classroom processes
with measures of achievement. During the 1970s, a number of relatively large-scale quasi-experi-
mental field studies took this approach (e.g. Brophy and Evertson, 1974; Stallings and Kaskowitz,
1974; Clark et al., 1979). However, research of this nature has declined in recent years.

Dunkin and Biddle’s seminal volume The Study of Teaching (1974) summarised much of the early
research on teaching. Other major syntheses of this work appeared in the third edition of the
Handbook of Research on Teaching (Wittrock, 1986, particularly the chapters by Shulman, Brophy and
Good, Rosenshine, and Stevens and Doyle). Dunkin and Biddle present a model for the study of
teaching that extends beyond the dominant process-product model to include what the authors call
presage and context variables. In this model, both these categories of variables have only indirect
influences on outcomes. Shulman’s Handbook chapter attempts to go beyond the process-product
model to present a synoptic model that includes teacher and student backgrounds, curriculum

content, classroom processes and the various contexts and agendas that impinge on teaching and
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learning. The intellectual and social /organisational transactions which mediate teaching to produce
1earning are a major component of Shulman’s model. This concept of mediation forms the basis for

a broader approach that can help integrate research on teaching and learning.

Early research on teaching, especially that based on the process-product model, tends to be largely
atheoretical, consisting essentially of a search for correlates of teaching variables with achievement.
Research on learning has traditionally had a more theoretical orientation than research on teaching,
and has grown out of either behavioural or cognitive psychology. Early studies in the behavioural
tradition tend to be concerned with memory or conditioning, under a simple stimulus-response
model. What goes on in the learner’s mind between the stimulus and the response is not part of the
model. Cognitive studies vary widely and include developmental work in the Piagetian tradition,
problem solving, and learning by discovery, as well as meta-cognitive strategies, and other aspects
of learning that can be identified with “active learning”. Within the constructivist framework,
more recent work may be considered as a logical extension of the cognitive approach. Such studies
explore, at least implicitly, the intervening events between the stimulus and response or between

the process and product.

Research on teaching and learning is beginning to converge in the mediating process and construc-
tivist approaches. From this more integrated perspective, one may argue that students construct
knowledge through a complex process of interaction with all of the features of their environment,
including their home, peer group and school, as well as other sources of influence. Educational
policy aims primarily at influencing the school environment, while other influences, such as home
circumstances, may be mediated by broader social or economic policies. Nevertheless, educational
policy may be designed to improve the effects of other environmental influences, particularly
negative ones. Indeed, the whole concept of improving equity in educational achievement (not just
in educational opportunities) may be said to stem from the need to overcome adverse influences

outside the school.

Research on teaching and on learning is also converging to some degree in studies of the impact of
self-concept, motivation, attention and meta-cognitive processes (strategies for learning). The work
of Cronbach and Snow (1977) and others on aptitude-treatment interactions is an example of this
convergence, specifically of the idea that teaching strategies can or should match learning styles.
However, this research seems to offer little guidance on how such matches can be made under

classroom conditions.

The well-known time-based model originally proposed by Carroll (1963) captures the notion that
teaching influences learning by incorporating into the core model the components of opportunity
to learn, time allocated by the teacher and quality of instruction. This model connects further
with a broad approach to teaching and to educational policy in its extension by Bloom (1981) to
the concept of “mastery learning”. In an attempt to address directly the issue of equity in learn-
ing, Bloom proposes that the time allocated to accomplish a task vary sufficiently in order to allow
almost all students to achieve specified learning outcomes. Putting this into practice, of course,
requires significant variation in both school organisation and teaching strategies, to an extent that
it is difficult to find examples of large-scale implementation of mastery learning, despite its strong

research supp ort.
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THE CARROLL MODEL AS A THEORETICAL FRAMEWORK

Many of the components of teaching and learning theories derive from the Carroll model (OECD,
2004). Indeed, although often cited as simply an argument for increasing time allocations, Carroll’s
formulation actually captures important elements of the teaching and learning process, such as qual-
ity of teaching, opportunity to learn, and student ability within the time framework. This model

therefore warrants some elaboration.

In his original 1963 article in the Teachers College Record, Carroll sets out to propose a mathematical
formulation of the common-sense notion that learning takes place in a time framework. The math-
ematical formulation of the Carroll model may be stated as:

The degree of learning or achievement (L) is a function of the ratio of the time actually spent
on learning (Tsl) to the time needed to learn (Tnl), or

L= f(Tsl/Tnl)

Although mathematical in form, the model is essentially a conceptual one because the detailed
nature of the function is unspecified in Carroll’s original formulation. For example, it is not clear
if the relationship is linear or if there are saturation, fatigue or other effects that might limit the
value of spending more time on learning. Obviously, at some level, such limits exist. However, in

practical terms, it is not at all simple to determine when individuals begin to approach these limits.

Although time is the central construct of Carroll’s model, more specific components, which relate
to teaching and learning, influence both time spent and time needed. The value of the model for
studies such as this one derives from these components. Three components cover learner char-
acteristics: ability, aptitude and perseverance. Ability refers to the underlying mode or style of
learning relative to a particular task and hence affects time needed. Aptitude can be defined as the
time needed to achieve mastery of a particular task. Perseverance is simply the amount of time the
learner is willing to devote to the task. Two other components are characteristic of the learning
environment: opportunity to learn and quality of instruction. Opportunity to learn is best thought
of as limited by the total time available, or allocated time; quality of instruction influences time
needed. Students exposed to low-quality instruction would be expected to require more time to
learn than those exposed to higher-quality instruction. Although generally believed to be of cru-
cial importance, quality of instruction is one of the most elusive constructs in the model because
it involves a complex interplay of factors including teacher qualifications, resources and the nature
of the moment-by-moment interactions that occur between teacher and students. Carroll’s model
itself offers no specific guidance as to what constitutes high- or low-quality instruction. Much of
the empirical work on teaching strategies over the past few decades may be seen as a search for the
essential elements that define high-quality instruction.

Caroll revisited his original 1963 model in a 1989 retrospective. He concludes that optimising aca-
demic learning time is one of the most important factors in improving student achievement. More
recent reviews by Scheerens and Bosker (1997) and Marzano (2003) reinforce this conclusion.
However, the problem remains of how this optimisation can be accomplished, especially within the

overall constraints of conventional school years or days.
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The Carroll model has been adopted to make a case for more learning time (e.g. Wiley and
Harneschfeger, 1977) or for organising schools on a variable-time basis, in which students who
need more time are given more time (e.g. Bloom, 1976). In practice, however, school systems are
not organised explicitly in either of these ways and it is difficult to see how such changes could be
implemented on a large scale within any jurisdiction. For the most part, any variations in learn-
ing time must fit within the global constraints of the school day and year by optimising use of the
total time available within the school, trading off time on one subject against that spent on others,
or adding to this time through appropriate out-of-school activities such as homework. The present
study shifts the focus from looking directly at time to examining teaching and learning strategies
that might help optimise time spent and reduce time needed. This approach provides a powerful
heuristic for policy because it allows policy makers to think in terms of a broad factor over which
they may have some influence.

A number of factors associated with effective mathematics instruction and effective student learning
strategies also form part of the time model. These factors include time on task, homework, oppor-
tunity to learn, time lost on non-instructional activities, quality of curriculum and instructional
material and quality of assessment practices. Many of the relationships identified are supported by
recent rescarch syntheses, particularly those by Wang et al. (1993), Scheerens and Bosker (1997)
and Marzano (2003) and by a number of reports based on PISA 2000 (e.g. Kirsch ez al., 2002; Artelt
et al., 2003).

The Wang et al. synthesis is particularly useful because it supports the hypothesis that proximal
variables are more closely associated with learning than distal variables. More specifically, the vari-
ables showing the strongest relationships with achievement are those in the areas of classroom man-
agement, meta-cognitive processes, cognitive processes, home environment and parental support,
and student-teacher social interactions. Motivation, peer group influences, quantity of instruction,
classroom climate, and other proximal variables also receive high rankings (Wang et al, 1994). This
work also shows that variables related to broad state- and district-level educational policies are less
influential. However, the Wang et al. formulation does not consider the possibility of indirect influ-
ences of such factors, through their more direct impact on instructional processes.

Some of the more recent syntheses have helped identify more specific positive influences on achieve-
ment. For example, Scheerens and Bosker (1997) produce a ranking of school factors found to
have positive influences on learning. These include time, monitoring, pressure to achieve, parental
involvement and content coverage. The type of school climate most likely to enhance learning is
one with an orderly atmosphere, rules and regulations, and good student conduct and behaviour.
Similarly, effective classroom management strategies include direct instruction, monitoring student
progress and a positive attitude to work.

Most of the studies in the various syntheses have been small-scale and local in scope and typically
cover only a few of the many variables that might be expected to influence learning. Because of the
large number of variables available and the wide range of contexts used, large-scale surveys such
as PISA offer the potential to uncover more robust relationships, as well as to investigate the influ-
ence of variations in context on the results. The extensive coverage of the PISA database allows the
analysis of particular factors that may positively or negatively relate to students’ achievement, while

also taking account of other factors that may cloud or complicate this relationship.
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It must also be noted that large-scale surveys have shortcomings in other ways. In particular, only
partial information can be gathered on teaching strategies because of the limitations of self-report
questionnaires, the inability to sample adequately at the school or classroom level and the cross-
sectional nature of these studies. A particular limitation of PISA in this respect is the absence of a
teacher questionnaire in both the 2000 and 2003 surveys. Such an instrument would make it pos-
sible to capture much more detailed information on instructional practices and opportunity to learn

than the student and school questionnaires permit.

However, cross-sectional studies are unable to capture instructional strategies occurring over the
student’s whole school career. The data on teaching strategies are thus less stable and cumulative
than variables on home environment or student characteristics, for example, which reflect the indi-
vidual’s life experience. The correlations, which are the basis of most of the analysis in this report,
are therefore likely to be weaker for teaching and learning strategies than for student background
variables and weaker than would be expected based on the proximal-distal hypothesis. This limita-
tion of the data is less of a problem for student learning strategies than for teaching strategies, as one
might expect the particular learning strategies used by students to be products of their long-term

exposure to a particular school or school system.

PISA did not collect information on all components of interest within the Carroll model and its
extensions. For example, it did not examine ability or opportunity to learn. In addition, this report
does not correlate all of the measures collected in PISA with achievement. For these reasons, and to
avoid having overly cumbersome models, the report provides two stages of initial selection. First,
the report uses only those variables showing consistent patterns of correlation with mathematics
achievement across countries. Second, the report drops variables from successive iterations of the
main models if they show few significant effects in the presence of other variables in the model.
Note that the report retains a few variables judged to be of particular policy relevance even if they
do not meet these criteria, as it may be helpful to indicate explicitly that these variables have mini-

mal effects.

KEY TEACHING AND LEARNING VARIABLES

The PISA database contains observed variables representing responses by students and school prin-
cipals to all questionnaire items, as well as overall assessment results. Some of the questionnaire
items ask for facts (e.g. “Do you have a study desk at home?”). Others require estimates of time or
other factors (e.g. “How many hours per week do you spend on homework?”). Finally, some items
are intended to solicit opinions (e.g. “I do mathematics because I enjoy it”). These last items usu-
ally provide a four-point scale for response, from “strongly agree” to “strongly disagree” or another

similar scale, such as degree of confidence.

During the initial design and analysis, many of the questionnaire items combine to form a number
of derived or index variables, representing broader underlying constructs. For example, the index of
disciplinary climate in mathematics lessons derives from student responses to five items on the student
questionnaire concerning the extent to which students did not listen to the teacher, could not work
well, lost time at the start of each lesson by not working or quietening down, and reported noise
and disorder. For the most part, index variables representing teaching and learning strategies are
the ones of most interest here. Although more abstract than the observed variables, they are more

efficient in building models because they capture more information in a single scale and because
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Table 1.1
Key teaching and learning variables

Definition/illustrative

Variable Scale/unit OECD average questionnaire item

Total homework time Hours per week 5.89

Mathematics homework time Hours per week 2.43

Tutoring Dichotomous (1,0) *1 Student being tutored or not.

Out-of-class lessons Dichotomous (1,0) * Student taking out-of-class lessons or not.
Memorisation/ Standard score 0 When I study mathematics, I try to learn the answers
rehearsal strategies to problems off by heart.

Elaboration strategies Standard score 0 When I am solving mathematics problems, I often

think of new ways to get the answer.

Control strategies Standard score 0 When I study mathematics, I start by working out
exactly what I need to learn.
Competitive learning preference Standard score 0 I make a real effort in mathematics because I want to

be one of the best.

Co-operative learning preference  Standard score 0 I do my best work in mathematics when I work with

other students.

Teacher support Standard score -0.01 The teacher helps students with their learning.
Student-teacher relations Standard score 0.01 If I need extra help, I will get it from my teachers.
Disciplinary climate Standard score 0.01 Students don’t listen to what the teacher says.
School average disciplinary climate Standard score 0 Disciplinary climate aggregated to the school level.

scaling the index variables in a certain way more closely meets the underlying assumptions of the
models. However, particularly at the descriptive stage, values for observed variables have also been
reported because these are more intuitively clear and more directly descriptive of behaviour. For
example, one may interpret the observed variable “noise and disorder in the classroom” in a straight-

forward way through response frequencies to the categories used in the questionnaire.

The teaching and learning variables selected for consideration in the final models are set out in
Table 1.1. The actual questions that make up many of the index variables used, as well as the response
proportions for these questions, appear in much greater detail in Chapter 3 of Learning for Tomorrow’s
World: First Results from PISA 2003 (OECD, 2004).

CONTROL VARIABLES

The report treats student socio-economic background, attitudes and motivations as antecedent condi-
tions, which should be adjusted for in developing models designed to investigate the effects of teach-
ing and learning strategies on achievement. This report recognises that the direction of causality is
problematic in models based on correlational methods and that other analytical approaches could treat
attitude or engagement variables either as outcomes or as attributes that might actually be taught as
indirect ways of improving achievement. For example, it is commonly argued that high self-concept
is a by-product of high achievement or that teaching should be designed to ensure that student self-
concept is not damaged. These issues, though interesting in their own right, are not addressed here.

The control variables used in the models developed for this report appear in Table 1.2. Again, fur-
ther details on the index variables appear in Learning for Tomorrow’s World: First Results for PISA 2003
(OECD, 2004).

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010

>
el
o)
-+
wr
[\
=
-+
L
2
|
[gen
c
0o
-+
[av)
a4
vl
oy
(s
2
L
>
i
1Y)
>
O

27



>~
e
>
=
wr
v
<
=
A
L
v
(g
c
0o
-+
[av)
=%
el
c
[av)
2
L
>
R
v
>
O

28

Table 1.2
Control variables

Definition/illustrative
Variable Scale/unit  OECD average questionnaire item

Socio-economic status

Highest occupational status of parents  Standard score 48.79 Scaled score from student-reported parent
occupations.
Highest educational level of parents 4.19 6-point scale of standard international educational

levels (based on ISCED) from student-reported

educational level of parents.

Books in home 3.50 6-point questionnaire scale, 0-10=1, more than 500=6
Attitudes

Interest and enjoyment of mathematics ~ Standard score 0 I look forward to my mathematics lessons.

Sense of belonging in school Standard score 0 School is a place where I feel like I belong.

Mathematics anxiety Standard score 0 [ get very nervous doing mathematics problems.

Perceptions of mathematics competency

Mathematics self-efficacy Standard score 0 How confident do you feel about having to do ...
(selected mathematics tasks)?
Mathematics self-concept Standard score 0 I get good marks in mathematics.
Motivation
Instrumental motivation Standard score 0 I will learn many things in mathematics that will
help me get a job.
School variables
School size 100 students 5.36 Total school enrolment/100.
School average highest occupational 46.98 Highest occupational status of parents aggregated
status of parents to school.

OTHER VARIABLES

As already indicated, the report excludes some variables identified in the original formulation from
the main models used here because in general they show non-significant correlations with achieve-
ment or small effects in early iterations of the model. Many of the school-level questionnaire varia-
bles are in this category. Some examples of these variables are those around streaming and grouping
and assessment practices. The report retains total instructional time and mathematics instructional
time through to the final model but these show non-significant effects throughout. Because they are
useful indicators of differences between countries and between schools within countries, the report
discusses some of these variables as part of the descriptive analysis presented in Chapter 2. These

variables are also of policy interest and show significant effects in other studies.

OVERVIEW OF THE ANALYTICAL APPROACH

This report follows a two-stage analytical approach. Chapter 2 reports on the first stage. It includes
a descriptive/comparative analysis of mathematics teaching and learning that describes how math-
ematics is taught in different countries, examines variations across schools within countries, and,
based on this analysis, presents a broad profile of commonalities and differences in mathematics
teaching and learning. While limited in their ability to provide explanations for differences in math-
ematics teaching methodology, the Chapter 2 results inform policy makers in individual countries
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as to how their situation might differ from that of other countries in terms of consistency or variety

among schools.

Chapter 3 reports on the second stage. This stage requires the construction of a comprehensive
two-level (student and school) prediction model of the factors influencing mathematics achieve-
ment. Primary emphasis is on the teaching and learning strategy variables described in Table 1.1.
Following the temporal logic described earlier, the control variables as given above in Table 1.2 are
antecedents to teaching and learning and hence entered into the model in stages, before the teaching
and learning variables. This approach allows the predictive power of the model to be determined
as groups of variables enter in stages. Nevertheless, the basis of the final reporting of the effects of
each of the main variables is the full model. While this limits the ability to examine in detail the
joint and mediating effects of variables, the full model gives a more complete picture of the real
world of teaching and learning than do the intermediate models. The intermediate models may be
of more theoretical interest while the full model is of more interest from a policy perspective. The
report then examines mediating effects in part by comparing effects using the full model with those

for each variable used independently (a bivariate model).

Further details on the analytic procedures used are given at the beginning of Chapters 2 and 3.

Note

1 The asterisks in Table 1.1 indicate where only proportion information is available.
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Features of
Teaching and Learning

This chapter reports on the observed associations between various aspects of teaching and
learning strategies and mathematics performance. The chapter examines characteristics
of students, schools and countries and studies the distribution of these characteristics.
This kind of examination leads to a number of questions such as: How much do students
benefit from a classroom atmosphere that is conducive to learning? To what extent do some
students employ more effective learning strategies or devote more time to learning than
others? Do individual countries’ education systems provide different conditions for teaching

and learning to different students and in different schools?
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INTRODUCTION

To what extent do students aged 15 benefit from teaching and learning strategies associated with
the acquisition of mathematical competence? This chapter looks at characteristics of students,
schools and countries in terms of various features of teaching and learning. It studies in particular
the distribution of these characteristics. For example, to what extent do some students benefit
more than others from a classroom atmosphere conducive to learning? To what extent do some
students employ more effective learning strategies or devote more time to learning than others? Do
individual countries’ education systems provide different conditions of teaching and learning for
different students and in different schools?

This chapter reports on the extent to which there are observed associations between various aspects
of teaching and learning and mathematics performance. The analysis reveals the extent to which
the factors whose presence or absence is being investigated are those that tend to go together with
higher student achievement. It does not describe the extent to which teaching and learning strate-
gies leads to higher performance; this information appears in Chapter 3, which uses modelling to
explore how such strategies may or may not be related to outcomes.

A compelling case can be made that mathematics is fundamentally a school subject. It is difficult to
imagine that any significant level of mathematical competence, particularly in its more formalised
sense, could be acquired outside of the school setting. Only the most motivated students will be
able to acquire any significant level of mathematical competence, particularly in its more formalised
sense, outside the school setting. In this respect, mathematics learning happens in a different way
from language learning. There is no direct mathematical equivalent of the bedtime story, nor is
mathematics used, in anything other than a rudimentary way, in everyday communication among
people. At the same time, full participation in many modern societies requires more than a basic
knowledge of mathematics, and a high level of mathematical competence is essential in many occu-
pational areas. In addition, mathematics is the foundation of much of the scientific and technical
activity that distinguishes advanced from less advanced societies. Developing students” mathematical
competence at a much higher level than is required for everyday communication is thus a goal of

most school programmes.

One can hypothesise that school and classroom activities should have more impact on overall math-
ematics achievement than on overall language achievement. Almost all students in OECD countries
have exposure to mathematics teaching at least up to the age of 15, the age level assessed in PISA.
To what extent can differences in student performance be attributed to differences in the level of
exposure to mathematics instruction? More particularly, is it possible to associate differences in
performance with the various different approaches to teaching and learning? In investigating the
extent of all these differences, this chapter concentrates on differences among schools and students

within countries, which are greater overall than differences across countries.

FACTORS DESCRIBING TEACHING AND LEARNING

PISA uses students’ and school principals’ responses to questionnaires in order to construct indi-
cators of teaching and learning. As described in Chapter 1, PISA has developed a series of indices
which are the indicators of teaching and learning strategies presented in this report, such as the

index of disciplinary climate in mathematics lessons and the index of co-operative learning. Each index is
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derived from students’ reports on a number of statements. For example, the index of disciplinary
climate in mathematics lessons is derived from student responses to five statements, including how
frequently there was noise and disorder in their mathematics lessons (“every lesson”, “most lessons”,
“some lessons”, “hardly ever” or “never”). This chapter presents descriptive information on student
responses to each of the statements within the PISA indices. Please note that the bases of all model-
ling in Chapter 3, however, are the PISA indices.

While the main purpose of this chapter is to provide a profile of teaching and learning, it also sup-
plies preliminary indications as to whether the factors described have any relationship with student
performance in mathematics. This analysis is important in order to pick out those factors which
might be significant in the overall picture of teaching and learning. For example, any discussion
of how much homework is given in different schools should reference the investigation of whether
more homework produces better learning outcomes. However, the simple effects of each factor on
student performance in mathematics reported in this chapter should be treated with caution, just
as first indications. First, PISA is a cross-sectional study and therefore cannot demonstrate that
certain student or school characteristics lead to better performance. Rather, PISA shows associa-
tions or relationships between particular student or school characteristics and student performance.
These “bivariate” associations — that is, the simple effect of the factor on student performance, not
taking into account any other factors — do not indicate causality and, to a varying degree, may exist
because of their correlation with other teaching and learning or background factors. For instance,
if students who experience an orderly classroom environment do well in mathematics but also tend
to come from socially advantaged home backgrounds, it might be their home advantages rather than
the atmosphere in which they learn, or a combination of the two, which explain the relationship
with performance. Indeed, there is likely to be a link between these two factors, as students from
more advantaged backgrounds are probably going to be better attuned to the culture and expecta-
tions of the school. Chapter 3 explores these interactions and separates out the unique effects of

each factor.

This chapter examines variation in teaching and learning strategies within countries, especially
among schools within countries. The analysis therefore centres around within-country distributions
as represented by percentile ranks. The wider the range of values covered in these distributions, the
greater the variability in teaching and learning within countries. In particular, the analysis consid-
ers such variations across schools by looking at the distribution of school-level results. Use of time
and teaching strategies may logically be seen as characteristics of a school and not of an individual
student.” On the other hand, one may logically consider student learning strategies as character-
istic of individuals, as well as being influenced by school characteristics and teaching strategies.
The chapter examines student learning strategies in terms both of variation among students and of

variation among schools.

The analysis below looks in turn at four broad groups of variables: time inputs, student learning
strategies, teaching strategies and the learning climate.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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ALLOCATION AND USE OF TIME

Overview

Much research on teaching and learning is grounded, at least implicitly, in the issue of allocation and
use of time. The Carroll model (Carroll 1963 and 1989) and variations on this model have provided
the theoretical underpinning for the investigation of time allocation and use. Researchers accept the
fundamental proposition that learning is a function of time (though obviously not of time alone),
although the details of that functional relationship continue to be the subject of research and debate.
Many other factors that affect learning can be formulated in terms of time. For example, a posi-
tive disciplinary climate may be conceived as one that minimises lost time and maximises the time
students spend on tasks. Similarly, motivation can be considered, to some degree, as time spent in
perseverance, one of the factors explicitly identified in the Carroll model.

From a policy perspective, time is important because central authorities can regulate overall time
allocations, such as the length of the school year and school day — and sometimes time allocations
to specific subject areas. In addition, more detailed measures of time such as the length of class
periods, transition times, homework and time spent on tasks in the classroom may be modified
through school and district policies and through particular teaching and learning strategies. Indeed,
many teaching strategy variables may be conceptualised as strategies for maximising time on task.

The PISA 2003 survey produced results on three main aspects of time use: instructional time,
extra tuition and homework. These aspects cover the main identifiable time that students spend
on learning activities. Table 2.1 summarises the results for these three areas. It shows that in a few
countries, there are large variations in the time devoted to learning, but many countries have school
systems with low variability in this respect. Norway epitomises the latter group, where instruction
time is uniform, where only a tiny minority take out-of-school classes and students report doing
similar amounts of homework. By contrast in Mexico, weekly instruction time varies greatly from
one school to another, most students have extra tuition outside school and whereas one-quarter of
students do more than seven hours of homework per week, one-quarter do less than four hours.

Are these differences important? The PISA survey can provide only limited answers to this ques-
tion. Inconsistencies in the measures of instructional time (see below) have led to its relationship
to performance not being modelled in this case. For example, time spent on extra tuition may help
students perform better in mathematics, but since it is often weaker students who need to have this
extra help, it is not associated with higher achievement. However, students spending more time
doing homework overall tend to do better in mathematics in most countries, but the size of the dif-
ference is generally small. Thus, PISA provides a tool to compare variations in learning time, while
offering little evidence on their effects (see also Chapter 3).

Instructional time

The report measures total instructional time by questions on the school questionnaire about the
number of weeks in the school year and questions on the student questionnaire about the length
of class periods and the number of class periods per week. The product of these two constitute an
index of total minutes per week. The product of period length and total mathematics periods per week
gives an index of total mathematics minutes per week. Finally, the ratio of mathematics minutes to total

minutes yields an index of the proportion of total time that is spent on mathematics.
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The distributions of number of weeks in the school year appear in Table A.1 of Annex A,

Descriptive Statistics.” On average in the OECD countries, the school year consists of 37 weeks,

with most countries within two weeks of this average. However, the Czech Republic and the

partner country Brazil have a 41-week school year, while Mexico averages only 24 weeks. Indeed,

Table 2.1
Distribution of learning time and relationship with performance

OECD average

How is this associated
How much does this vary within each country? with performance?
Variability within middle half of schools (interquartile range) (Bivariate effect on mathematics

except where specified score, significant effects only)

36.7 instructional

weeks per year

24 4 instructional

hours in school week

888 total instructional

hours per year

20% of students
report being tutored
(individually) in
total and 15% in

mathematics

25% of students report
attending out-of-school
lessons (in groups)
in total and 13% in

mathematics

Students report doing
5.9 hours per week of
homework or other
study set by teachers
in total

Students report
doing 2.4 hours per
week of homework
or other study set by
mathematics teachers

Instruction time

OECD average range = 1.9 weeks No analysis
Most variability: 6 to 9 weeks in Hong Kong-China, Japan, the

Slovak Republic and in Indonesia

Least variability: 0 weeks in Denmark, Finland, Greece,

Luxembourg, Norway, the United Kingdom and the United

States, and in Latvia, Serbia and Thailand

OECD average range = 3.9 hours

Most variability: 13 hours in Mexico and 20 hours in the United
States

Least variability: <1 hour in Norway, the United Kingdom,
Finland and Luxembourg, and <2 hours in Latvia and Poland

OECD average range = 155 hours per year

Most variability: 702 hours in the United States, 333 to 260 hours
in Austria, Hong Kong-China, Mexico, Uruguay and Japan

Least variability: <90 hours in Norway, Greece, Finland,
Luxembourg, the United Kingdom, Denmark, the Czech
Republic, Latvia, Iceland and Hungary

Extra tuition

Tutoring in total and in mathematics: Negative: students receiving
Highest percentages: 90% of students in Mexico, 53% in Turkey
(total only)

Lowest percentages: fewer than 10% of students in Finland,

extra help tend to be weaker

performers

Denmark, Norway, Japan, Belgium, Sweden, Liechtenstein and
Netherlands

Out-of-school lessons in total:

Highest percentages: 92% in Mexico, 67% in Turkey and 66% in
Greece

Lowest percentages: <10% in Germany, Austria, Norway and

France
Homework

OECD average range = 2.7 hours Positive in 24 countries: in 7

Most variability: 5.9 hours in Italy, 4.7 hours in Hungary, 4.4 where effect is strongest, cach
hours in Greece and 4.2 hours in the Russian Federation hour of homework associated with
Least variability: 1.5 hours or less in Finland, Sweden, Denmark 3 score points in mathematics.

and Luxembourg Negative in 4 countries.

OECD average range = 1 hour Positive in 10 countries, negative
Most variability: 2.1 hours in Macao-China and Thailand and 1.7

hours in Italy

in 18. But performance difference
small over observed range of
Least variability: 0.5 hours or less in Luxembourg, Finland and homework practice.

Liechtenstein.
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only one-quarter of all schools in Mexico report at least 23 school weeks per year,“/L although a few
Mexican schools do have much longer years, with 5% of schools reporting at least 42 weeks per

year.

As the example of Mexico indicates, there are striking differences in the variation of number of
instructional weeks in the school year within different countries. In one-half of the participating
countries, the school year is more or less a standard length (varying by no more than one week).
In Japan, the Slovak Republic, as well as the partner economies Hong Kong-China and Indonesia,
the quarter of schools with the longest school years have at least six weeks more school time than
the quarter of schools with the shortest school years. While this finding might relate to the degree
of central direction of school systems, countries as different as the United States and the partner
country Latvia are among those with little variation in the school year, while Japan and the partner
economy Hong Kong-China have wide variations, despite their relatively centralised education

systems.

The distributions of total weekly instructional time appear in Table A.2. Overall, the average
amount of instructional time in a school week in the OECD countries is 24.4 hours. Again, the
variation across countries is considerable, with the longest weeks in Korea and the partner country
Thailand (around 30 hours each), and the shortest in the partner country Brazil (19 hours). In fact,
the ratio of the most to the fewest hours in the school week (1.6) is similar to the ratio of the most
to the fewest weeks in the school year (1.7). The United States, Austria, Mexico, Japan, Korea and
Italy, as well as the partner economies Hong Kong-China, Uruguay and Brazil, show the great-
est internal variation in length of week (at least 200 hours difference between the 25" and 75

percentiles).

Combining the number of weeks in the school year with the instructional time per week gives an
index of total instructional time per year. The distributions for this index appear in Table A.3. Overall,
students in the OECD countries receive an average of 888 hours of instruction per year. Most
OECD countries, with the exception of Korea (1074 hours), Austria (991 hours) and Mexico
(565 hours), fall within a range of 85 hours, or about 10% of the total. The partner economies
Thailand, Liechtenstein and Macao-China all provide over 1000 hours of instruction per year. The
amount of total instructional time per year varies substantially among schools within each country:
within most countries, there is a difference of 400 or more hours between schools at the 5% and
95" percentile on this measure.

These figures are partially inconsistent with those reported by the OECD (2005). This finding
raises some concern about the reliability of some of the time figures as reported by students, which
may account for unusually low correlations found between some time indices and achievement.
For this reason, the report excludes many of the time indices from the final model presented in
Chapter 3. However, the Carroll model suggests that the large variations in time allocation between
countries and between schools is likely to be of greater significance for mathematics achievement
than the results here would indicate. In order to allow a more thorough investigation of this issue, a
method of obtaining consistent measures of these major elements of time needs to be found.

The distributions of hours per week devoted to mathematics instruction appear in Figure 2.1. In
the OECD countries, mathematics instructional time averages 3 hours and 18 minutes per week.
Among countries, means vary from around 4.5 hours in the partner economies Hong Kong-China

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Figure 2.1 m Hours per week spent on homework for mathematics and other subjects
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Note: Countries are ranked in ascending number of hours per week of mathematics homework.
1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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and Macao-China to 2.5 hours in the Netherlands, close to a two-fold difference. In addition, on
average in the OECD the within-country variation in mathematics teaching time per week is 1
hour (see Table A.4). However, Canada stands out as the OECD country with the most pronounced
differences: a quarter of all students spend less than 1.5 hours a week learning mathematics, while
another quarter spend nearly six hours or more.

Tutoring and out-of-school classes

Some students participate in organised mathematics learning outside the regular school programme,
mainly in the form of being tutored or attending additional classes in school subjects. The differ-
ence between these is essentially whether the instruction is individual or group-based. There may
be many reasons for such activities. In highly competitive systems, for example, these activities may
be seen by students and parents as a means of obtaining a competitive edge. Even in less competitive
environments, tutoring and other out-of-school work may be a means of attaining high achieve-
ment, improving the performance of students who are not doing well or compensating for perceived

limitations in what the school can provide.

In the questionnaire, students report the number of hours per week they work with a tutor and
spend attending out-of-school classes, both overall and specifically in mathematics. Because rela-
tively few students in most countries report any time at these activities, it is not meaningful to
reproduce or compare average times by school. Instead, for each country the report provides a
computation of the proportion of students declaring any time spent at these activities, and the
most common (modal) number of hours per week for those reporting non-zero time. These results

appear in Figure 2.2.

It is clear that this extra tuition plays a much greater role in some countries than others. Almost
all students in Mexico report that they are both tutored and attend out-of-school classes. The pro-
portions are also quite high in Greece and Turkey.5 However, in most countries, the proportions
of students reporting tutoring in mathematics are considerably smaller, averaging 20% overall and

15% for mathematics across the OECD countries.

It might be expected that high proportions of time spent on these activities would be associated with
shorter school weeks, indicating that students find ways to compensate for limited instructional
time. However, these measures are essentially uncorrelated. That being said, within most countries
there is a distinct negative correlation with mathematics performance (see Chapter 3). This finding
indicates that tutoring and extra classes tend to help compensate for weak performance more than
to support already able students to advance further. The likelihood that students will take extra
tuition if they are weak performers makes it very difficult to assess its overall value in a study that
does not track individual students: in PISA, no link can be made between extra tuition and good

performance.

Homework

There is a considerable literature supporting the claim that homework is a factor contributing to
achievement (Marzano, 2003). However, lack of controls for ability in many studies, and thus
the possibility that lower-ability students will spend more time at homework than their higher-
ability peers, confounds this relationship. The PISA student questionnaire asks two questions about

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Figure 2.2 m Hours per week spent on tutoring and out-of-school classes

2
vl
c
=
~
it
Tutoring Classes outside school -~
Modal hours Modal hours g‘
per week in: per week in: o0
N Perctc;n‘tage of students N— Pe.rcentage of students £
cts cmatics eing tutored feots cmatics attending out-of-school classes =
Mexico 4 1 | . . . . Mexico 4 1 5
Turkey 4 2 Turkey 4 2 =
Greece 4 2 Greece 4 4 kua
Uruguay 4 1 Brazil 4 1 3
Portugal 2 2 Korea 4 4 S
Spain 2 2 Tunisia 2 2 4(—01
Serbia 2 2 Latvia 4 LE
Hungary 2 1 Spain 4 2
Korea 4 4 Russian Fed. 4 1
Luxembourg 2 1 Poland 2 1
Germany 1 1 Hungary 1 1
Hong Kong-China 2 2 Thailand 4 2
Brazil 2 1 Uruguay 2 1
Slovak Rep 2 1 Hong Kong-China 2 2
Latvia 2 2 Switzerland 1 1
Ireland 1 1 CzechRep. 2 1
Italy 2 1 Luxembourg 4 1
Thailand 2 1 Italy 4 1
Russian Fed. 2 2 Macao-China 4 1
France 1 1 Licchtenstein 1 1
Poland 2 1 Japan 4 2
Iceland 1 1 Canada 4 1
Australia 1 1 Portugal 2 1
New Zealand 1 1 Ireland 1 1
Austria 2 2 Iceland 2 1
Macao-China 2 2 New Zealand 1 1
Canada 1 1 Slovak Rep. 2 1
Czech Rep. 1 1 Finland 2 1
United States 1 1 United States 4 1
Switzerland 1 1 Australia 4 1
Netherlands 1 1 Belgium 2 1
Liechtenstein 1 1 Serbia 2 1
Sweden 1 1 Denmark 2 1
Belgium 2 1 Sweden 1 1
Japan 2 1 France 1 1
Norway 1 1 Norway 1 1
Denmark 1 1 Austria 2 1
Finland 1 1 Germany 2 1
United Kingclam1 1 1 ! United Kingdom1 1 1

100

All subjects B Mathematics

Note: Countries are ranked in descending order of the percentage of students either being tutored or attending out-
of-school classes in all subjects.

1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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homework: the first on hours per week of homework set by all teachers and the second on hours
per week of homework set by mathematics teachers. For total time spent on homework each week,
there is in fact a positive correlation with performance (see Chapter 3); this is consistent with the

other research showing the benefits of homework.

There are marked differences between countries in the total amount of homework reported (see
Table A.5). The partner country, the Russian Federation, reports most total homework, a mean of
more than 12 hours per week. In addition, Italy, Hungary, the Slovak Republic, Greece and Poland,
and the partner country Latvia, also show mean homework times of between 8 and 10.5 hours. At
the other extreme, mean homework times per week are less than 4 hours in Korea, Finland, Japan,
the Czech Republic, Sweden and Austria.

If homework is beneficial, to what extent are students in some schools disadvantaged compared to
others by doing less homework? The largest variations across the middle 50% of schools, in hours,
occur in Italy, Hungary, Greece, and the partner country, the Russian Federation, as depicted in
Figure 2.3. The variation is great relative to the (sometimes small) national average for homework in
certain other countries as well. For example in Japan, the quarter of students with the least home-
work do a maximum of 1 hour and 48 minutes each week, while the quarter with the most do over
4.5 hours. In Hungary, the bottom quarter do up to 7 hours and 42 minutes, but the top quarter do
over 12 hours” homework per week. Students in all schools in the top quarter do more than twice
as much homework as students in the bottom quarter in Japan and the Netherlands. The ratio of
the top to the bottom quarter of schools is at least 1.8 in Australia, Austria, Belgium, Canada, the
Czech Republic, Italy and Mexico, and the partner economies Hong Kong-China and Thailand,
showing that in general there are important differences between the homework norms of schools

and that this finding does not just apply at the extremes of the distribution.

The pattern for mathematics homework times is similar to that for total homework, with close cor-

relation between country rankings for both (see Table A.6).

Other components of time

The PISA student questionnaire also contains a number of questions about time spent on remedial
and enrichment activities and other school-related work. Unfortunately, the responses for these
questions are too unreliable to report. The absence of large amounts of data for many countries
suggests that many students may simply have left the response blank if the amount of time spent on
such activities was zero. In addition, in many countries the same students reported participation
in both remedial and enrichment activities. Since this seems implausible, it is possible that many
students misinterpreted these questions.

STUDENT LEARNING STRATEGIES AND PREFERENCES

A series of questions about how students study mathematics forms the assessment of student learn-
ing strategies. A second related set of questions asks whether students prefer a competitive or co-
operative environment for learning mathematics. In both cases, students indicate, using a four-point
scale, their degree of agreement or disagreement with a series of statements about how they learn
mathematics. These items on learning strategies form the basis for three indices: the index of memo-

risation/rehearsal, the index of elaboration strategies and the index of control strategies. Collectively, these
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Figure 2.3 ® Hours per week of homework or other study set by teachers in total

Variation in number of hours of homework per week
Mean among schools within each country'

Russian Fed. 12.7

Italy 10.5

Hungary 9.9

Latvia 9.4

Slovak Republic 8.3
Greece 8.3 =

Poland 8.1

Macao-China 7.8 E —

Ireland 7.7

Spain 7.3

Thailand 6.9

Uruguay 6.7

Hong Kong-China 6.7
Germany 6.2

Belgium 6.1
Luxembourg 6.0
Turkey 5.8
Mexico 5.7
Canada 5.7

Australia 5.7
Netherlands 5.7
United States 5.6
Denmark 5.4
Serbia 5.2
Portugal 4.9

Norway 4.8

Brazil 4.8
Tunisia 4.7
Iceland 4.6

Switzerland 4.5
New Zealand 4.5

Liechtenstein 4.4

Austria 3.9

Sweden 3.9

Czech Republic 3.8
Japan 3.8

Finland 3.7

Korea 3.5

United Kingdom2 6.0

0 4 8 12 16 20

Hours per week

Note: Countries are ranked in descending order of the average number of hours spent on homework or other study
set by teachers in total.

1. Bars extend from the 5th to the 95th percentile. At the 5th percentile only 5% of schools have fewer hours per week
of homework. A school at the 95th percentile has more hours per week of homework than 95% of the other schools.
The darker middle section denotes the variation between the middle 50% of schools (25th and 75th percentiles).

2. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.
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are meta-cognitive strategies because they represent general rather than content-specific approaches
to the cognitive processes involved in learning. Research has shown that meta-cognitive skills and
self-regulated learning strategies are important components of effective independent learning
(Zimmerman and Schunk, 2001).

Readers are cautioned that the PISA 2000 analysis of student learning strategies shows limitations
in comparing the overall use of these strategies across countries. Evidence suggests that in many
cases students mean different things in different cultures when answering questions about their
learning strategies. In this survey, there is also evidence to suggest that students in some countries
reply to the same question in general with greater optimism or pessimism than do students in other
countries, producing a response bias. For example, students in Finland, Japan, Korea, and the
Netherlands tend to agree that they adopt various learning strategies much less than do students in
Mexico and the partner countries Brazil and Tunisia, despite the much lower performance in PISA
of students in the last three countries

Table 2.2
Distribution of the use of learning strategies/preferences and relationship with performance in mathematics

How much does this vary within each country? Heow s (Ths asseeiaiead widh

Variation within middle half of schools (interquartile range) performance?

Measured on index scale standardised relative to international (Bivariate effect on mathematics
Variable standard deviation of individual learner characteristics score, significant effects only)

Use of learning strategies

Memorisation/ OECD average range: 0.30 standard deviations Positive association in 17 countries,

rehearsal Most variability: 1.04 in the partner country Liechtenstein, ncgati\fc in 14. (When accounting for
0.50 in Germany, 0.44 to 0.42 in Austria, Switzerland, Mexico, other factors, mainly negative: see
the United States and in the partner country Indonesia Chapter 3.)

Least variability: 0.17 in Luxembourg, 0.21-0.23 in Greece
and Japan, and in the partner economies Thailand, Latvia and
Macao-China

Elaboration OECD average range: 0.32 Positive association in 25 countries,

Most variability: 0.56 in Austria, 0.47 in Germany, 0.45 in Italy negative in just one. (When

and 0.46 in the partner country Liechtenstein accounting for other factors, mainly

ive: h .
Least variability: 0.21 in Portugal and Finland, and in the partner negative: sce Chapter 3.)

economies Latvia and Macao-China

Control OECD average range: 0.31 Positive association in 21 countries,
Most variability: 0.52 in Korea, 0.41 in Canada, Mexico and negative in just one. (Mixed picture
when accounting for other factors:

Germany, 0.40 in Belgium and Turkey .
see Chapter 3.)

Least variability: 0.21 in Finland, 0.22 in Luxembourg,
0.23 in Hungary, 0.19 in the partner country Latvia and 0.23
in the partner country Thailand

Learning preferences

Preference for OECD average range: 0.35 Positive association in 29 countries,

competitive learning  Most variability: 0.55 in Austria, 0.53 in Korea, 0.45 in Italy and negative in none. (Most countries

0.46 in the partner country Liechtenstein show no effect when accounting for

ther factors: Chapter 3.
Least variability: 0.15 in the partner economy Macao-China, other factors: see Chapter 3.)

0.19 in Greece and 0.20 in the partner country Latvia
Preference for OECD average range: 0.30 Positive association in 9 countries,

co-operative learning  Most variability: 0.42 in Austria, 0.41 in Mexico, 0.40 in Korea, negative in 15. (Most countries show

the United States and in the partner country Serbia no effect when accounting for other

Least variability: 0.20 in Australia and Hungary, 0.21 in Finland, factors: see Chapter 3.)

0.22 in Greece and the partner country Thailand
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Students’ preferences for learning situations influence learning behaviour; PISA presents two
indices on this. Students who try harder to learn mathematics so that they can be the best in their
class or obtain the best marks in their mathematics tests show a preference for competitive learn-
ing, while students who report that they work best with other students show a preference for
co-operative learning. Preferences for competitive or for co-operative learning are not mutually
exclusive and students could report a preference for both learning situations. These are relatively
straightforward concepts, representing a combination of student dispositions and the climate of the
school and the society in which the student functions.

Table 2.2 gives an overview of the results, in terms of the variability of the use of learning strate-
gies/preferences in different schools and the degree to which these strategies are associated with
performance. Similar patterns emerge for each learning strategy. In each case, a group of countries
with the smallest school differences shows less than one-half the variability seen in countries with
the greatest differences. How much this matters depends on the degree to which particular learn-
ing strategies help improve student learning, and on this question, there is a mixture of evidence.
Opverall, the factors that are most commonly associated with strong results are the controlling of
one’s own learning and a preference for competitive learning. (Note that this preference is not an
alternative to a preference for co-operative learning, and it is possible to be positive about both.)
But the associations shown here, and in particular that between controlling one’s learning and PISA
performance, appear to be weaker and less consistent for mathematics than for reading, as reported
for PISA 2000 by Artelt et al. (2003). This evidence may indicate that different strategies have a
different impact on learning in mathematics as compared to reading.

The following analysis therefore concentrates on the within-country distribution of these learner
characteristics. Country-specific response bias does not necessarily affect the within-country
models that form the basis for subsequent analysis. However, the possibility that various sub-groups
within countries respond differently cannot be ruled out. It is impossible to be sure whether
response bias contributes to these differences.

Memorisation/rehearsal strategies

Students use memorisation strategies (e.g. learning facts or rehearsing examples) for many tasks;
such strategies are appropriate when the learner needs to retrieve information, as presented, with-
out any further elaboration or processing. To measure the extent to which students use memorisa-
tion strategies in participating countries, the PISA index of memorisation strategies derives from the

following four items:

STQ34f I go over some problems in mathematics so often that I feel as if I could solve them in

my sleep (sleep).

STQ34g When I study for mathematics, I try to learn the answers to problems off by heart
(heart).

STQ34i  In order to remember the method for solving a mathematics problem, I go through the
examples again and again (examples).

STQ34m To learn mathematics, I try to remember every step in a procedure (procedure).

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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Figure 2.4 shows the percentage of students in each country agreeing or strongly agreeing with
these statements and the distribution across schools of the memorisation index. The first point to
note is that in most countries substantially more students say they go through examples and remem-
ber steps in procedures than say they learn by heart or in a way that means they can solve problems
in their sleep. A large majority of students clearly use examples and procedures as memorisation
tools. It is likely that the sleep and heart questions represent more extreme methods of memorisa-

tion than the examples and procedures questions.

Memorisation is the one learning strategy that appears from the PISA 2000 results to allow direct
comparisons across countries. In PISA 2003, there are wide differences across countries in the
extent of use of memorisation strategies. Students report a comparatively higher use of memorisa-
tion strategies in Mexico and in several of the partner countries (notably Indonesia, Brazil, Thailand
and Tunisia), followed by the United States, Australia, Greece and Canada. Conversely, students in
Japan, Denmark, Korea, Finland and Switzerland and in the partner country Liechtenstein report a
comparatively low use of memorisation strategies. For the most part, the distribution across schools

on these variables is symmetrical, with similar numbers of schools at both the high and low ends.

As shown in Figure 2.4, relatively wide differences in the use of memorisation in different schools
appear in Germany, Austria, Switzerland, Mexico and the United States, and the partner countries

Liechtenstein and Indonesia.

Elaboration strategies

Elaboration is a measure of the extent to which students acquire understanding of new material by
relating it to prior learning and knowledge. Elaboration strategies, unlike memorisation strategies,
can help to deepen students’ understanding of the knowledge and skills in use. The PISA index of
elaboration strategies derives from the percentage of students agreeing or strongly agreeing with the

following five items:

STQ34b  When I am solving mathematics problems, I often think of new ways to get the answer

(new ways).
STQ34e I think of how the mathematics I have learnt can be used in everyday life (everyday).

STQ34h Itry to understand new concepts in mathematics by relating them to things I already
know (already know).

STQ34k When I am solving a mathematics problem, I often think about how the solution might
be applied to other interesting questions (applied).

STQ34n When learning mathematics, I try to relate the work to things I have learnt in other
subjects (other subjects).

The data for these questions and the index of elaboration appear in Figure 2.5. In general, learning
new ways, applying mathematics to everyday events, and relating concepts to things already known
are more prevalent than applying solutions to other interesting questions or relating work to learn-
ing in other subjects. Here, some of the widest differences among schools are in Austria, Germany,
Italy and the partner country Liechtenstein. Very narrow differences in countries such as Portugal,
Finland and Poland, and the partner economies Latvia, Macao-China, Indonesia and Thailand,
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Figure 2.4 m Students’ use of memorisation/rehearsal strategies to learn mathematics

I go over some problems in mathematics so often that I feel as if T could solve them in my sleep.
m When I study for mathematics, I try to learn the answers to problems off by heart.
In order to remember the method for solving a mathematics problem, I go through the examples again and again.

To learn mathematics, I try to remember every step in a procedure.

Variation in students’ use of memorisation strategies

among schools within each country'
Licchtenstein 36 27 50 61 e e
Germany 42 34 61 68 — T —
Austria 43 29 70 78 ! ——
Switzerland 32 33 54 74 —T—
Mexico 41 82 68 92 ! T —
Indonesia 68 52 88 79 ——
United States 42 67 70 83 — T —
Brazil 30 62 88 88 ! I —
Norway 31 41 61 79 e
France 25 37 70 82 —
Serbia 33 24 84 68 — T —
Canada 33 58 70 83 —_— T ——
Tunisia 43 52 81 78 [ E—— ]
Uruguay 46 42 82 62 -::I:_'
Portugal 27 43 66 74 —:::—
Czech Republic 40 34 62 75 — T —
Russian Fed. 24 50 63 71 —
Turkey 44 30 78 75 — T .
Korea 30 34 61 52 —
Iceland 26 55 62 72 P —
Denmark 19 45 50 69 — T
New Zealand 31 66 70 74 D T —

Netherlands 41 34 61 61 — T
Sweden 33 56 63 61 — T —
Belgium 28 36 71 76 — —

Italy 30 32 79 84 — T —
Slovak Republic 60 32 59 82 — T —
Spain 31 40 76 85 —-——
Ireland 28 57 77 75 —
Hong Kong-China 34 47 64 56 _:I:._
Hungary 44 30 74 89 — T
Australia 30 64 71 80 -—

Finland 26 44 54 72 {————
Poland 36 62 71 78 i -_—T .
Japan 21 27 45 62 — .
Macao-China 36 55 69 53 — T —
Greece 29 60 75 81 -
Latvia 19 40 71 74 —
Thailand 48 90 71 85 [ T —
Luxembourg 42 27 72 73 — T —
United Kingdom” 30 63 70 76 T
1.5 1.0 0.5 0.0 0.5 1.0 1.5
Index points
Median
T
Sth 25th T5th 95th

Note: Countries are ranked in descending order of variation among the middle 50% of schools

in use of memorisation strategies.

1. At the 5th percentile students at only 5% of schools have less of a preference for the use of
memorisation strategies. Students at a school at the 95th percentile have a stronger prefer-
ence for the use of memorisation strategies than students in 95% of the other schools.

2. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.
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imply that learning by using elaboration strategies in these countries follows very consistent patterns
across schools. Note, however, that students’ average use of elaboration strategies varies greatly
among these countries: comparatively fewer students in Finland report using elaboration strate-
gies compared to other students in OECD countries, whereas in the other countries comparatively
more students report that they use elaboration strategies, with the partner countries Indonesia and

Thailand among the top five countries.

Control strategies

Students who control their learning ensure that they set clear goals for themselves and monitor
their own progress in reaching them. The PISA index of control strategies derives from the following

five items:

STQ34a When I study for a mathematics test, I try to work out what are the most important

parts to learn (important).

STQ34c  When I study mathematics, I make myself check to see if [ remember the work I have
already done (check memory).

STQ34d When I study mathematics, I try to figure out which concepts I still have not under-
stood properly (concepts).

STQ34j  When I cannot understand something in mathematics, I always search for more infor-
mation to clarify the problem (clarify).

STQ341  When I study mathematics, I start by working out exactly what I need to learn (exactly).

As Figure 2.6 shows, students tend to agree more strongly with these statements than was the case
for the other two learning strategies. There is also less variation between countries than for the

other learning strategies.

Among the strategies students report that they use to learn mathematics examined in PISA 2003,
the most commonly used are control strategies, along with the examples and procedures strate-
gies of the memorisation index. In all of these cases, on average at least two-thirds of students in
the OECD countries answer positively. There are therefore high latent correlations between the
index of control strategies and the index of memorisation/rehearsal strategies in all countries (see

Annex B, Table B.1, Correlations among selected index variables).

Some countries show large differences in the use of control strategies from one school to another.
In particular, Korea has an interquartile range that is equal to the range from the 5" to the 95
percentile in Finland. In other words, the middle half of schools in Korea shows the same variability
in the use of control strategies as the middle 90% of schools in Finland.

These variations in the use of control strategies are particularly important because, as will be seen
in the following chapter, the use of such strategies is linked to higher performance in Korea and

seven other countries.
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Figure 2.5 m Students’ use of elaboration strategies to learn mathematics

When I am solving mathematics problems, I often think of new ways to get the answer.

B I think of how the mathematics I have learnt can be used in everyday life.

[ try to understand new concepts in mathematics by relating them to things I already know.

When I am solving a mathematics problem, T often think about how the solution might be applied to other interesting questions.
When learning mathematics, I try to relate the work to things I have learnt in other subjects.
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Licchtenstein 44 44 70 35 41 S e
laly 54 51 64 43 44 — T —
United States 56 55 70 48 52 T ee—

Mexico 78 89 84 67 71 i S e — |

Belgium 44 36 58 40 40 —T—

Uruguay 64 66 72 52 52 — T —
Brazil 78 83 85 68 57 | T
Tunisia 74 79 78 85 72 | [ — ]
Korea 40 34 55 27 21 — T —

Switzerland 44 47 66 37 45 — T —
France 45 47 52 48 44 —-— T —

Turkey 68 60 72 57 68 — T —
Norway 35 59 58 35 37 T
Serbia 60 62 78 62 54 — T —
Canada 53 52 64 43 47 — T —

Netherlands 40 27 56 36 41 e
Japan 42 12 52 21 15 ——
Luxembourg 54 40 44 37 34 — T —

Iceland 38 57 65 38 38 - —

New Zealand 54 60 67 43 47 — T —
HongKong—China 58 51 63 43 40 _:I:- i
Spain 55 63 63 44 44 — T —
Denmark 47 57 66 42 47 T
Russian Fed. 32 68 68 48 57 ——

Ireland 41 49 60 33 36 ——

Slovak Republic 65 69 80 43 67 | ————

Hungary 34 56 65 31 38 _—T—

Sweden 48 61 64 33 41 ——

Australia 53 55 65 41 44 -'_I"I:- i
Greece 50 75 71 56 52 EII:_

Czech Republic 33 77 76 38 49 — T —

Poland 52 64 80 46 59 —
Thailand 64 90 81 74 75 i -
Indonesia 74 86 82 71 43 D e —

Macao-China 56 54 65 40 38 _'_ILI:- E

Finland 43 51 62 27 40 _:':.- i
Portugal 64 53 73 60 41 _|:|:_|

Latvia 44 72 75 38 49 T

| |
United Kingdom” 52 52 67 38 47 ——
1.5 1.0 0.5 0.0 0.5 1.0 1.5
Median
T
5th 25th 75th 95th

Note: Countries are ranked in descending order of variation among the middle 50% of schools in stu-
dents’ use of elaboration strategies.

1. At the 5th percentile students at only 5% of schools have less of a preference for the use of elabora-
tion strategies. Students at a school at the 95th percentile have a stronger preference for the use of
elaboration strategies than students in 95% of the other schools.

2. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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Figure 2.6 m Students’ use of control strategies to learn mathematics
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; When I study mathematics, I make myself check to see if I remember the work I have already done.
c When I study mathematics, I try to figure out which concepts I still have not understood properly.
g When I cannot understand something in mathematics, I always search for more information to clarify the problem.
s When I study mathematics, I start by working out exactly what I need to learn.
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Netherlands 86 59 82 58 81 — T
Australia 89 77 86 69 79 — T —
Czech Republic 84 82 93 80 80 — T —
Poland 91 80 86 75 79 -—T
Thailand 94 82 85 74 76 - —
Hungary 90 76 88 76 78 ——
Luxembourg 83 78 84 66 71 -
Finland 88 46 82 48 59 [ == N
Latvia 84 67 84 71 66 - —
— T —

United ](ingdom2 89 77 86 65 75

-1.5 1.0 0.5 0.0 0.5 1.0 15
Index points

Median
T ——
5th 25th 75th 95th

Note: Countries are ranked in descending order of variation among the middle 50% of schools in
students’ use of control strategies.

1. At the 5th percentile students at only 5% of schools have less of a preference for the use of con-
trol strategies. Students at a school at the 95th percentile have a stronger preference for the use
of control strategies than students in 95% of the other schools.

2. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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Preference for competitive learning situations

The report classifies a second set of questions into two indices representing preference for competi-
tive and for co-operative learning situations. These are not mutually exclusive, as a student may
want to perform well, but still enjoy working together with his or her peers. Indeed, the results
for several countries suggest that these learning preferences may be complementary rather than
conflicting (OECD average latent correlation is 0.35; see Table B.1).

The items comprising the index of competitive learning are:

STQ37a I would like to be the best in my class in mathematics (best).

STQ37c I try very hard in mathematics because I want to do better in the exams than others

(exams).

STQ37e I make areal effort in mathematics because I want to be one of the best (effort).

STQ37g In mathematics I always try to do better than the other students in my class (do better).

STQ37j  Ido my best work in mathematics when I try to do better than others (best work).
Figure 2.7 shows the percentage of students agreeing or strongly agreeing to each of these items and
gives the distributions across schools on the index. Here there is a wide range across countries in
levels of agreement to the individual items, although, as discussed above, this could reflect cultural
bias in response. As for earlier items, students in Mexico, Turkey and the partner country Tunisia
show high percentages of agreement. The United States is relatively high on this index, as are the
partner countries Brazil and Indonesia. Among the countries whose students performed the best

in mathematics in PISA 2003, students in Hungary, the Netherlands, Japan, Switzerland, Austria,
Belgium and Finland tend to report being less competitive on average compared to other countries.

Within countries, students who compete with their peers tend to do better in PISA, as is shown
in Chapter 3. However, in some countries, there is considerably less of an ethos of competition in
some schools than in others. Students’ reports of preference for competitive learning situations vary
most among schools in Austria, Korea and Italy and the partner country Liechtenstein. In fact, all
students in the middle 50% of schools in Austria report a preference below the OECD average for
competitive learning situations (Figure 2.7).

Preference for co-operative learning situations

The items comprising the PISA index of co-operative learning are:

STQ37b  In mathematics I enjoy working with other students in groups (group).

STQ37d  When we work on a project in mathematics, I think that it is a good idea to combine
the ideas of all the students in a group (project).

STQ37t I do my best work in mathematics when I work with other students (other students).
STQ37h  In mathematics I enjoy helping others to work well in a group (helping).

STQ37i  In mathematics I learn most when I work with other students in my class (learn most).
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Figure 2.7 m Students’ preference for competitive learning situations

I would like to be the best in my class in mathematics.

[ try very hard in mathematics because I want to do better in the exams than others.

I make a real effort in mathematics because I want to be one of the best.

In mathematics I always try to do better than the other students in my class.

I do my best work in mathematics when I try to do better than others.

Austria 59 36 46 32 32

Korea 78 44 29 48 39
Liechtenstein 68 34 46 33 32
Italy 65 54 54 48 47

Germany 64 51 53 35 35
Japan 31 41 21 32 51

Serbia 53 40 38 35 38
Switzerland 55 32 40 32 33
United States 78 71 68 58 53
Uruguay 56 54 47 35 29
France m m m m m

Spain 65 47 49 42 50

Brazil 83 60 70 46 47

Canada 71 61 58 46 45

Ireland 74 52 56 38 38
Norway 53 38 37 32 33
Denmark 45 60 49 32 50
Tunisia 90 87 79 79 74

New Zealand 67 62 54 46 47
Turkey 88 69 75 69 69
Netherlands 45 29 20 25 29
Mexico 87 71 81 72 76
Sweden 70 45 43 33 34
Belgium 48 36 36 31 36
Indonesia m m m m m
Hungary 36 28 23 26 36
Czech Republic 51 55 41 40 33
Russian Fed. 57 60 43 35 38
Luxembourg 61 53 52 40 39
Slovak Republic 57 71 48 49 42
Hong Kong-China 71 73 53 33 45
Poland 72 60 53 40 40
Australia 74 83 59 52 47
Portugal 66 38 47 31 47
Iceland 82 61 60 52 37
Thailand 69 75 72 59 62
Finland 45 33 49 31 29

Latvia 66 42 36 33 42

Greece 74 62 60 43 61
Macao-China 67 65 44 26 42
United Kingdom2 70 64 58 45 47
OECD average 63 52 49 41 43

Variation in students’ preference for competitive learning
situations among schools within each country1

0.5 0.0 0.5
Index points

Median

Sth 25th 5th 95th

Note: Countries are ranked in descending order of variation among the middle 50% of schools in stu-
dents’ preference for competitive learning situations.

1. At the 5th percentile students at only 5% of schools have less of a preference for the use of competitive
learning situations. Students at a school at the 95th percentile have a stronger preference for the use
of competitive learning situations than students in 95% of the other schools.

2. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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Results for these items and for the index of co-operative learning appear in Figure 2.8. Again, there is
a wide response range across countries and across schools within countries and, in this case, the
previous analysis of PISA 2000 shows that these questions are interpreted similarly across different

cultures.

In terms of percentage agreement, support for co-operative learning is generally higher than that for
competitive learning. Students in some countries — such as the United States, as well as in the part-
ner countries Brazil and Tunisia — score relatively highly on both indices, while students in Japan,
for example, report comparatively low preference for both learning situations. In other countries,
there are clear indications of differences in preference for these two learning situations. For exam-
ple, students in Korea, Iceland, Mexico and Turkey report stronger preference for competitive than
co-operative learning situations, while students in Switzerland and Portugal report stronger prefer-
ence for co-operative learning situations. However, only in Switzerland do there seem to be two
distinct groups of students reporting preference for either one or the other of the learning situations
(there is very weak correlation between the two indices, 0.09). In general, the results indicate that
some students report preferences for both learning situations with positive latent correlations of at
least 0.20 between the two indices in 21 of the OECD countries (Table B.1).

These results, combined with those for memorisation, elaboration and control, suggest that learn-
ing strategies may be relatively undifferentiated. This issue requires further investigation to deter-
mine if the results obtained are a function of response bias or whether these various strategies are,
indeed, complementary. For the purpose of further analysis, both because of the theoretical and
policy interest of these indices and because the models used allow the effects of each index to be

examined while accounting for other factors, the report retains the indices as defined.

TEACHING STRATEGIES AND CLIMATE

Central to the effectiveness of teaching and learning is the actual manner in which teaching takes
place: both the teaching methods employed and the atmosphere in the classroom. Since these two
aspects interact, the report considers teaching strategies and climate together.

As noted earlier, there are limits to the amount of detail on teaching strategies that can be gathered
in a broad survey, especially in the absence of a teacher questionnaire. Nevertheless, a number of
items connected with teaching strategies appear on the PISA 2003 school and student question-
naires. The school questionnaire contains items on staff consensus about mathematics teaching,
staff preference for traditional versus new teaching methods, consensus on goals, teacher morale,
pride and enthusiasm, teacher expectations of students, assessment practices, student grouping and
enrichment, and remedial mathematics activities. The student questionnaire contains a set of items
on the frequency of occurrence of specific behaviours and events in their mathematics lessons.
Students’ answers form the basis of two indices: the index of teacher support and the index of disciplinary
climate. A further set of items gathers students’ views on how well students and teachers get along in
their school in general. The answers combine to form the index of student-teacher relations.

Note that although strategies and climate are closely related, they have a different significance in the
analysis in this report. The teaching strategies described here do not appear in the model presented
in Chapter 3. They were omitted because these strategies have either low correlations with achieve-
ment or only small effects, which may be a result of the indirect way they are reported, that is, via
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Figure 2.8 m Students’ preference for co-operative learning situations

In mathematics I enjoy working with other students in groups.

When we work on a project in mathematics, I think that it is a good idea to combine the ideas
of all the students in a group.

I do my best work in mathematics when I work with other students.
In mathematics I enjoy helping others to work well in a group.

In mathematics I learn most when I work with other students in my class.

Variation in students’ preference for co-operative learning

Features of Teaching and Learning
&

situations among schools within each country1
Austria 63 73 46 69 53 ——
Mexico 68 78 66 61 74 — T
Serbia 77 82 59 83 64 — T —
Korea 29 50 17 44 31 T i i
United States 77 80 66 73 64 T w—
Ita]y 72 79 69 67 58 _;:—
Turkey 73 73 66 76 70 — =
Canada 77 79 57 67 59 — T —
Brazil 82 90 86 83 75 D ———T——
Germany 69 64 46 69 55 _::_
Switzerland 76 76 49 73 60 —::—
Denmark 79 80 81 76 55 —::—
Spain 72 72 58 71 66 ——
Tunisia 79 81 65 82 75 | ——T——
Macao-China 71 72 65 61 73 [ =)
Uruguay 83 85 63 81 69 _:E_
Norway 70 77 57 64 60 — T —
France m m m m m i _;IZ_
Iceland 57 72 37 66 37 -.::—
Hong Kong-China 71 67 65 55 71 |_:I;-
Japan 32 39 39 46 38 — T — !

Sweden 64 84 36 56 46 —
Netherlands 73 74 50 63 54 -:I:_
Ireland 68 72 51 65 52 _:I:-
Portugal 76 86 78 83 62 — T —
Indonesia m m m m m -:*:—
Czech Republic 69 86 48 72 53 _—
RussianFed. 73 63 53 60 69 [ —— ]
Slovak Republic 79 89 68 80 69 —
Latvia 71 73 50 60 57 —
Poland 78 88 64 63 6l — T —
New Zealand 82 78 61 71 63 —:E-
Belgium 73 78 50 68 53 — —
Luxembourg 66 68 44 56 49 _::P
Liechtenstein 76 78 46 78 61 I
Greece 67 78 67 76 71 —
Thailand 84 88 77 81 68 ——

Finland 71 67 51 68 52 _:I::_
Australia 64 78 61 72 63 -;:-
Hungary 65 82 48 64 52 _:EF
United Kingdom” 83 79 64 70 63 — T —
OECD average 69 75 55 67 57 15 L0 05 00 03 10 15
Index points
Median
I |
Sth 25th T5th 95th

Note: Countries are ranked in descending order of variation in students’ preference for co-operative
learning situations between schools at the 25th and 75th percentiles.

1. At the 5th percentile students at only 5% of schools have less of a preference for the use of co-
operative learning situations. Students at a school at the 95th percentile have a stronger prefer-
ence for the use of co-operative learning situations than students in 95% of the other schools.

2. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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school principals rather than by individual teachers. Thus, the responses do not provide data about
individual students’ experience of instruction, but only about the perceptions of school principals.
However, student descriptions of classroom climate and of student-teacher relations give informa-
tion about individual students’ experiences of the context in which teaching takes place. This infor-
mation can be compared to each student’s performance in mathematics; thus, these climate factors

do appear in the model presented in Chapter 3.

Teacher consensus on key school policies

Traditional versus new ways of mathematics teaching

PISA 2003 asks school principals a set of questions to gauge the extent to which there are consistent
and shared (academic) goals in the teaching of mathematics within their schools. One possible factor
associated with effective departments or schools is a high degree of consensus about key school poli-
cies. In the first of three item sets, school principals report on teacher support for innovative versus
traditional teaching practices in their school. On average in the OECD countries:

School principals report: Percentage of students in such schools

Mathematics teachers are interested in trying new methods and 83%

teaching practices.

There is a preference among mathematics teachers to stay with 60%

well-known methods and practices.

There are frequent disagreements between “innovative” and 22%

“traditional” mathematics teachers.

The percentages of students in each country whose school principals agree with these statements
appear in Table A.7.° There is strong agreement in most countries that teachers are interested in
trying new methods and practices: 80% or more students in 19 of the OECD countries and in all
of the partner countries are in schools where the principal agrees with this proposition. School
principals in the Netherlands and Japan are least likely to report this: only 59% (the Netherlands)
and 63% (Japan) of students are in schools whose principal reports teachers’ interest in new meth-
ods and practices. There is considerably more variation across countries on the question of teacher
preference for traditional methods and practices. For example, among OECD countries, only in
Hungary, the Slovak Republic, Turkey, Luxembourg and Italy are 80% or more of students in
schools where the principal agrees this is the case. Fewer than 50% of students are in such schools
in nine OECD countries and two partner countries. While school principals in several countries —
notably Hungary and the Slovak Republic, as well as the partner economies Hong Kong-China, the
Russian Federation, Thailand and Tunisia — report high agreement on both propositions, the coun-
try-level correlation between the two statements is close to zero. Nevertheless, the within-country
correlations are generally negative, indicating that school principals tend to attribute only one of
these methods to their teachers. In general, principals report that within their schools, mathematics
teachers with different approaches work well together. In 19 OECD countries and in six partner
countries, fewer than 25% of students are in schools where principals report frequent disagree-
ments between innovative and traditional mathematics teachers. However, around 50% of students
in Mexico and the partner country Indonesia are in schools where the principal reports frequent
disagreements between innovative and traditional teachers, and this is also the case for at least one-
third of students in Turkey, Portugal and Belgium and the partner countries Uruguay and Brazil.
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Teacher expectations

In the second item set that collects information on consistent and shared (academic) goals, PISA
2003 also asks school principals their opinions on teacher expectations within their school. On
average in the OECD countries:

School principals report: Percentage of students in such schools

There is consensus among mathematics teachers that academic 89%

achievement must be kept as high as possible.

There is consensus among mathematics teachers that it is best to adapt 71%

academic standards to the students’ level and needs.

There are frequent disagreements between mathematics teachers who 19%

consider each other to be “too demanding” or “too lax”.

The percentages of students in each country in schools where the principal agrees with these state-
ments appear in Table A.8. Again, the majority of students in almost all countries are in schools whose
principals report that there is consensus among mathematics teachers that academic standards should
be kept as high as possible. This finding concerns at least 90% of students in 16 OECD countries and
five partner countries, and it falls to fewer than 80% of students only in Sweden, Portugal, Japan,
Turkey and the partner country Brazil. The range of agreement to the statement on adapting academic
standards to the students’ level and needs is extremely wide. While in 11 of the OECD countries and
nine of the partner countries, more than 80% of students are in schools whose principals agree that
academic standards should be adapted to meet students’ levels and needs, this is the case for only 16%
of students in Luxembourg and 23% in Germany. Again, the country-level correlation between these
variables is close to zero. However, within most countries there is a small positive correlation, suggest-
ing that school principals do not perceive these two kinds of expectations as conflicting. Regarding the
statement about disagreements among mathematics teachers concerning whether or not they perceive
their counterparts to be too demanding or too lax, school principals in most countries believe the level
of disagreement to be low — such disagreement affects fewer than 15% of students in 14 OECD coun-
tries. Again, more than 50% of students in Mexico and in the partner country Tunisia are in schools
whose principals report that there are frequent disagreements among mathematics teachers concern-
ing their expectations of students, and this also concerns at least one-third of students in Turkey,
Luxembourg, Portugal and Italy and in Uruguay, Serbia, Brazil and Thailand.

Goals of mathematics teaching

The third item set asks principals to report specifically on the mathematics teaching goals in their
schools. On average in the OECD countries:

School principals report: Percentage of students in such schools

There is consensus among mathematics teachers that the social and 72%
emotional development of the student is as important as their acquisition

of mathematical skills and knowledge in mathematics classes.

There is consensus among mathematics teachers that the development 81%
of students’ mathematical skills and knowledge is the most important

objective in mathematics classes.

There are frequent disagreements between mathematics teachers who 13%
consider each other as “too focused on skill acquisition” or “too focused

on the affective development” of the student.
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The results for each country are presented in Table A.9. Here, the first statement gives equal
preference to both kinds of goals but the second gives preference to the mathematical skills and
knowledge goal. The degree of agreement among school principals is relatively strong for both
statements, although the mathematical skills and knowledge goal generally receives stronger support
than the idea of equal value for both kinds of goals. In the Netherlands, Luxembourg, the United
Kingdom and New Zealand there is stronger support for the development of mathematical skills and
knowledge as the most important teaching objective (a difference of at least 25 percentage points
of students) while the reverse is true in Poland. Again, most school principals in most countries do
not encounter frequent disagreements over these priorities among teachers, although Mexico is a
notable exception. In particular, such disagreements only affect a small minority of students (5%
or fewer) in Japan, New Zealand and the United Kingdom and the partner country Liechtenstein.

Streaming and grouping

Streaming refers to the assighment of students to classes based on ability. Grouping refers to
within-class arrangements that differentiate students by ability. Streaming may thus be thought of
as a matter of school policy or perhaps of policy at higher levels of authority. Grouping, however,
is something that can be introduced by individual teachers, within or outside any broader policy
framework. School principals answer questions about both these practices. In the case of stream-
ing, the questions attempt to differentiate between streaming by difficulty with the same content

or with different content. On average in the OECD countries:

School principals report for some or all classes: Percentage of students in such schools
Mathematics classes study similar content, but at different levels of 30% all classes; 37% some classes
difficulty.

Different classes study different content or sets of mathematics topics 15% all classes; 37% some classes

that have different levels of difficulty.

The percentages of principals in each country who report that their schools practice streaming by
difficulty, and by content and difficulty, in some or all classes appear in Table A.10. While a major-
ity of schools in most countries practice streaming by difficulty, the actual proportions differ widely
by country. In the United Kingdom, New Zealand, Ireland, Norway, Spain, the United States and
Sweden, at least 90% of students encounter streaming into different classes by difficulty for some
or all classes, although they study similar content. School principals in Australia, Canada, Poland
and the partner economies Hong Kong-China, Latvia and the Russian Federation also report a high
degree of streaming by difficulty in at least some classes. Conversely, 30% or fewer students in
Greece, the Czech Republic and Austria are in schools whose principals report that there is stream-
ing by difficulty in at least some classes. The pattern for streaming by content and difficulty is
different to that for streaming by difficulty only. While there is a relatively high correlation across
countries between streaming for content and difficulty and streaming by content only for stream-
ing in some classes, the correlation between these two variables is low for streaming in all classes.
There are a few clear examples: school principals in Norway, Poland and Portugal report high levels
of streaming by difficulty only (for more than 70% of students) and low levels by content combined
with difficulty (for fewer than 25% of students).
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With regard to within-class grouping, on average in the OECD countries:

School principals report for some or all classes: Percentage of students in such schools
Students are grouped by ability within their mathematics classes. 14% all classes; 30% some classes
In mathematics classes, teachers use a pedagogy suitable for students 40% all classes; 34% some classes

with heterogeneous abilities (i.e. students are not grouped by ability).

The results for all countries appear in Table A.11. Because there is considerable overlap in the results
when the analysis includes the “some classes” category, the report presents results both with “some
classes” and “all classes” combined and for “all classes” only. For the combined categories, the extent
of ability grouping in at least some classes varies across countries from 70% or more of schools in
New Zealand, Australia, the United Kingdom, Ireland and Korea, and the partner countries, the
Russian Federation and Latvia, to fewer than 10% in Greece and Luxembourg. There is much less
variation in the use of homogeneous grouping under this measure. With the exception of Germany,
Japan, Turkey and the United Kingdom and the partner country Brazil, at least 60% of students are
not grouped by ability within mathematics classes.

At first glance, one might expect responses to these questions to show negative correlations to one
another. However, the wording of the second question makes it possible to respond positively or
negatively to both. Although the countries reporting the lowest levels of ability grouping report
high levels of teaching to heterogeneous groups, the opposite is not usually the case. The between-
country correlation of these two variables is close to zero, as are most of the within-country cor-
relations, a finding explained by the results in the second two columns of Table A.11. Although
many countries practice ability grouping in at least some classes, relatively few do so in all classes.
The United Kingdom, Australia and Ireland are exceptions, where close to 50% of schools report
ability grouping for all classes. However, the majority of students in many more countries are in
classes suitable for students with heterogeneous abilities. In Norway, Denmark and Poland, as well
as the partner country Indonesia, at least 70% of students are in mathematics classes with pedagogy
suitable for students of all abilities. This figure is at least 60% for students in Portugal, Greece and
the partner economies Macao-China and Tunisia.

Assessment

For this item, principals estimate the frequency of the use of various types of assessment in their
schools, on a scale ranging from “never” to “more than once a month”. Table A.12 shows the per-
centages of schools reporting the use of the different assessment types more than three times a year.
The table also includes data on use of assessment only once or twice a year. This enables information
to be included on the use of standardised tests, because it is rare to employ this form of assessment

often, even where the application of standardised tests is a prominent feature of education systems.

It is clear from Table A.12 that teacher tests and student assignments comprise the most frequent
types of assessments, with each of these occurring three to five times a year or more in over 80% of
schools in almost all countries. Teacher ratings also show a high level of use in most countries (75%
of students on average in the OECD countries attend schools where the principal reports teacher
ratings are used at least three times a year). Use of student portfolios occurs less often than the

other internal forms of assessment, but with wide variation across countries.
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Standardised tests are the least frequently used on average and show the most variation in use across
countries. However, frequency of use is not the best indicator of the influence of standardised tests,
which may be used to make high-stakes decisions involving students” future education or careers.
Table A.12 shows that far more countries use standardised tests one to two times a year than three
to five times or more. Although the issue of high-stakes use is a source of considerable controversy,
there is no measure in PISA of high-stakes use of standardised tests. In some countries, such as
Austria and Belgium, and the partner country Uruguay, standardised tests seem relatively rare. It
is not possible to determine from these data if standardised tests are centrally mandated. However,
in a few countries, notably Finland, Iceland, the United States, Sweden, Korea and Norway, as well
as partner country Latvia, there is almost universal use of standardised tests at least once a year
(95% of students or more).

A few countries stand out as using most forms of assessment relatively more frequently or infre-
quently than others. For example, Turkey emerges as a country where none of the forms is fre-
quently in use in a majority of schools. Teacher ratings, teacher tests and student assignments are
frequently used for the majority of students in many countries, but notably in Austria, Belgium,
Germany, Iceland, Portugal, Spain, Sweden, the United States and the partner countries Brazil and
Latvia, with frequent use by around 90% or more of students. Further, in Spain and the partner
country Brazil there is above-average use of both student portfolios and standardised tests. Use of
student assignments is extensive as a form of assessment in all countries: the OECD average is 86%
of students being subject to this form of assessment more than three times a year, but in Greece,

only 15% of students are similarly assessed.

The second aspect of assessment measured by the school questionnaire is the use of assessment
results. The various purposes of assessment, and the percentages of schools using it for those pur-
poses, appear in Table A.13.

By far the most common use of student assessment is for reporting to parents. More than 90% of
schools in almost all countries use assessment for this purpose. Its use for student retention and
promotion is also common, except in Denmark, Iceland and Korea. In countries where social pro-
motion is a matter of national policy, no schools should report using assessment for this purpose.
Nevertheless, there is no way to determine, in cases where a few schools report use for this pur-
pose, if the data are unreliable or if a few schools are not following national policies. While the issue
of social promotion deserves further attention from a policy perspective, the PISA questionnaires
do not address it in more detail.

The remaining uses of assessment are highly variable across countries. For example, use for compar-
ison with national standards occurs in more than 80% of schools in the United States, the United
Kingdom, New Zealand, Hungary and Iceland, but in fewer than 10% of schools in Denmark and
Belgium, and in the partner economy Macao-China. A similar pattern exists for comparison with
other schools. Denmark stands out in this overall picture, with only a very small number of schools
using assessment for any purposes other than reporting to parents and curriculum improvement.
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STUDENT PERCEPTIONS OF THE LEARNING ENVIRONMENT: OVERVIEW

The remaining factors to consider in this section concern the degree to which students report that
their classroom climate and their relations with teachers have characteristics likely to be conducive
to learning. A summary of the distribution of these factors and the extent to which they appear to

be related to performance appears in Table 2.3.

As will be shown further in Chapter 3, these factors are particularly important because students who
learn in a positive climate where they interact well with their teachers tend to perform better in math-
ematics. This relationship is clearest for disciplinary climate. Factors related to teacher support and
relations have an association with performance that is perhaps complicated by extra support being given
to weaker students. Nevertheless, the importance of these factors for teaching and learning is obvious.

It is notable here that (as shown in Table 2.3) the magnitude of the variability between schools is greater
than for the learning strategies and preference factors considered earlier. The middle half of schools
within each country vary on average by at least 0.40 of a standard deviation for climate-related factors,
compared to around 0.30 of a standard deviation for learning strategies. This result indicates that for
climate factors, more of the variation in the experiences of individuals can be attributed to variations
among schools. Even in a country like Finland, where there are below-average levels of variation in
climate factors among schools, there is actually about the average variation level for learning strategies.

Classroom climate

The measurement of classroom climate uses a series of items on the student questionnaire related

to degree of teacher interest and support for students, and elements of time use and disruption.

Table 2.3
Distribution of students’ experience of classroom climate and teacher-student relations,
and the relationship of these factors with performance

Variability within countries:

Variability within middle half of schools (interquartile range) Relationship with performance
Measured on index scale standardised relative to international (Bivariate effect on mathemetics
Variable standard deviation of individual learner characteristics score, significant effects only)
Classroom climate ~ OECD average range: 0.42 standard deviations Small positive association in 13
(a) Teacher support Highest variability: 0.61 in Austria, 0.55 in the Slovak Republic,  countries, negative in 7. (When
0.54 in Italy and 0.60 in the partner country Serbia accounting for other factors, mainly
Lowest variability: 0.22 in Korea, 0.25 in the Netherlands and negative: see Chapter 3.)

0.19 in Macao-China and Liechtenstein

Classroom climate ~ OECD average range: 0.50 standard deviations Significant positive association in
(b) Disciplinary Highest variability: 0.79 in Japan, 0.76 in Austria, 0.68 in the almost all countries. (Remains when
climate Czech Republic and Hungary and 0.79 in Liechtenstein accounting for other factors: see
Lowest variability: 0.29 in Luxembourg, 0.36 to 0.38 in New Chapter 3.)

Zealand, Greece, the Netherlands, Korea and in the partner

countries Indonesia, Brazil, Thailand and Macao-China

Teacher-student OECD average range: 0.41 standard deviations Positive association in 12 countries,
relations Highest variability: 0.61 in Tunisia, 0.60 in Liechtenstein, 0.55-  in some cases relatively strong;
0.58 in Austria, Switzerland and in the partner countries Serbia negative association in 11 countries,
and Brazil in all cases weak. (Positive
Lowest variability: 0.32 in New Zealand, 0.33 in Portugal and associations weaker when accounting
0.31 in the partner country Thailand for other factors: see Chapter 3.)

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



These questions require response on a frequency-of-occurrence scale ranging from “every lesson” to
“never or hardly ever”. The 11 items on this scale combine to form two indices: the index of teacher
support and the index of disciplinary climate. As with some other aspects of teaching strategies, these
indices may be considered as characteristic of a classroom rather than of a student. In the absence of
a classroom identifier, the most appropriate level at which to examine these variables is the school
level. The extent to which these indices vary across schools within a country is an indicator of
school-system differentiation. However, it must be recognised that assessment of variations among
teachers within a school is lost when the aggregation is to the school level.

Teacher support

The five items making up the index of teacher support are:

Features of Teaching and Learning

STQ38a  The teacher shows an interest in every student’s learning (interested).
STQ38c  The teacher gives extra help when students need it (extra help).
STQ38e  The teacher helps students with their learning (helps learning).
STQ38g The teacher continues teaching until students understand (understand).

STQ38j  The teacher gives students an opportunity to express opinions (opinions).

Figure 2.9 shows the percentages of students reporting that these factors occur in every lesson or

most lessons. The box plots give the range of variation across schools in each country.

A majority of students in almost all countries report that teacher support activities occur in all
or most lessons. This result indicates, in absolute terms, perception of a high level of teacher sup-
port. There is a particularly strong perception of teacher support in Mexico and Turkey, and in the
partner countries Brazil and Thailand; there is a comparatively weak perception of teacher support
in Austria, Germany, Japan and Luxembourg. Students in Australia, Canada, Denmark, Finland,
Iceland, New Zealand, Portugal, Sweden and the United States all perceive a higher level of teacher
support than the average in OECD countries.

Within countries, differences in support across the middle 90% of schools range from just over
half a standard deviation in Korea and the partner economy Macao-China to about one-and-a-half
standard deviations in the Slovak Republic and the partner country Serbia.
Disciplinary climate
The index of disciplinary climate in mathematics lessons consists of the following five items:
STQ38b  Students don’t listen to what the teacher says (don’t listen).
STQ38f There is noise and disorder (noise).
STQ38h  The teacher has to wait a long time for students to “quieten down” (quiet down).
STQ38i  Students cannot work well (can’t work well).

STQ38k  Students don’t start working for a long time after the lesson begins (late start).
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Figure 2.9 m Students’ views on teacher support in their mathematics lessons

The teacher shows an interest in every student's learning.

The teacher gives extra help when students need it.

The teacher helps students with their learning.

The teacher continues teaching until the students understand.

The teacher gives students an opportunity to express opinions,

Variation in students’ views on teacher support in their

mathematics lessons among schools within each country1
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Finland 54 77 86 61 62 — T —
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Licchtenstein 55 72 63 60 66 I —
1 i
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Index point
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||
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Note: Countries are ranked in descending order of variation of students’ views of teacher support in mathematics
between schools at the 25th and 75th percentiles.

1. At the 5th percentile students at only 5% of schools have a more negative view of teacher support in their math-
ematics lessons. Students at a school at the 95th percentile have a more positive view of teacher support in their
mathematics lessons than students in 95% of the other schools.

2. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.
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Percentage responses to the “all lessons” and “most lessons” categories on the index variable appear
in Figure 2.10. Please note that this scale is “reverse scored” so that low levels of agreement with the

five statements can be interpreted as representing a positive disciplinary climate.

The frequency data show that students in most countries perceive their mathematics classes as
having mainly positive disciplinary climates. The majority view of students that the behaviours
presented in the statements occur relatively infrequently, compared to the frequencies reported
for teacher support, indicates that students are making distinctions between positive and negative
statements about classroom climate. That is, there is less indication of response bias here than for

the statements based on the agree/disagree scales.

In absolute terms, the differences between countries are not particularly large on this scale. Even
for countries at the negative end of the index, the frequencies of occurrence of the negative behav-
iours tend to be in the 30% to 40% range while those for countries at the positive end, the frequen-
cies are in the range of 20%.

The variation among schools within countries is higher here than for the teacher support vari-
able. The narrowest distributions among schools occur in Luxembourg, New Zealand, Greece,
the Netherlands and Korea, as well as in the partner economies Indonesia, Brazil, Thailand and
Macao-China, while the widest occur in Japan, Austria, the Czech Republic and Hungary and in
the partner country Liechtenstein.

Student-teacher relations
A third index, the index of student-teacher relations, is an indicator of students’ views on their school
climate. The items included in this index are the following, with responses on a four-point agree-
disagree scale:

STQ26a  Students get along well with most teachers.

STQ26b  Most teachers are interested in students’ well-being.

STQ26c  Most of my teachers really listen to what I have to say.

STQ26d If Ineed extra help, I will receive it from my teachers.

STQ26e  Most of my teachers treat me fairly.

Figure 2.11 shows the patterns of agreement with these items and the range of variation across
schools. The level of agreement with these statements is moderate to high, with percentages in the
50 to 80% range in most cases. The pattern across countries is quite similar to that for teacher sup-
port, and shows a comparable range, with more than one-and-a-quarter standard deviations between
the 5" and 95" percentiles in Austria, Norway, Mexico and Germany and the partner countries
Tunisia, Serbia and Brazil, and more than one-and-a-half standard deviations in Switzerland.
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Figure 210 m Students’ views on the disciplinary climate in their mathematics lessons

Students don’t listen to what the teacher says.

m There is noise and disorder.

The teacher has to wait for a long time for students to “quieten down”.
Students cannot work well.

Students don’t start working for a long time after the lesson begins.

Variation in students’ views on the disciplinary climate

in their mathematics lessons among schools within each country1
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Serbia 33 32 28 27 28 — T —
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Macao-China 18 15 17 21 20 | -
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Note: Countries are ranked in descending order of variation of student views on the disciplinary
climate in their mathematics lessons between schools at the 25th and 75th percentiles.

1. At the 5th percentile students at only 5% of schools have a more negative view of disciplinary
climate in their mathematics lessons. Students at a school at the 95th percentile have a more
positive view of disciplinary climate in their mathematics lessons than students in 95% of the
other schools.

2. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.
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Figure 2.11 m Students’ views on student-teacher relations

Students get along well with most teachers.

m Most teachers are interested in students' well-being.
Most of my teachers really listen to what I have to say.
If I need extra help, I will receive it from my teachers.
Most of my teachers treat me fairly.

Variation in students’ views on student-teacher relations

E among schools within each country1
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Note: Countries are ranked in descending order of variation of student views on student-teacher
relations between schools at the 25th and 75th percentiles.

1. At the 5th percentile students at only 5% of schools have a more negative view of student-teacher
relations. Students at a school at the 95th percentile have a more positive view of student-teacher
relations than students in 95% of the other schools.

2. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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SUMMARY: A PROFILE OF MATHEMATICS TEACHING AND LEARNING

Opverall, the results of this analysis show a complex and widely varying picture of mathematics
instruction both within and across participating countries. While it is almost impossible to present
a simple summary, a qualitative profile can be developed by looking at mid-ranked countries and at

those at the extremes of the various distributions.

Students in participating countries spend an average of 37 weeks per year in school. Most coun-
tries show only small differences between schools in the number of weeks in the school year. This
evidence undoubtedly reflects either national consensus or national regulation of the school year.
However, in several countries the between-school differences are striking. On average, the school
week is 24.4 hours long, again with only small differences between schools in most countries.
Multiplying number of weeks in the school year by hours per week gives a measure of total instruc-
tional time per year. This measure averages close to 1 000 hours in most countries, but ranges from
a high of over 1300 hours in the partner country Thailand to fewer than 800 hours in Mexico.
According to this measure, the school year is more variable within countries than the number of

school weeks would suggest.

On average in the OECD countries, 15-year-olds report that they spend approximately 200 minutes
per week, or 14% of total instructional time, on mathematics. This figure compares to averages
of 17% of total compulsory instructional time spent on mathematics by 9-to-11-year-olds and 13%
spent by 12-to-14-year-olds, as reported in the 2004 OECD-INES Survey on Teachers and the

Curriculum.

In most countries, the profile shows that fewer than 20% of students have a tutor or participate
in school-related classes outside school hours, and the amount of time spent on such activities is
relatively small even for those who do participate. However, a few countries show very high propor-
tions of students taking part in such activities. This finding is essentially unrelated to the amount
of time spent in school. It is difficult to identify the factors that contribute to students’ and parents’
decisions to pursue such activities, and in particular whether such decisions relate to competi-
tive environments, attempts to mitigate poor school performance or concern with the quality of
schooling. It is also unclear if having a tutor or participating in out-of-class lessons relates to socio-
economic status. However, the highest participation rates in these activities occur in a few countries
with relatively low socio-economic levels. This evidence suggests several possibilities, including a
strong emphasis on education as a way to improve individual economic prospects or, conceivably,
the availability of inexpensive education services outside regular schools. Alternatively, of course, it
is possible that the results represent anomalies due to misunderstanding of the question or another

form of response bias.

According to the profile, almost all students do some homework outside school, both in mathemat-
ics and in other subjects. On average, students spend close to six hours per week on homework, of
which about 2.5 hours is on mathematics. Proportionally, mathematics occupies more of students’
homework time than of their school time, suggesting that there is greater emphasis on homework
in mathematics than in other subject areas. There is substantial homework variation across schools
in most countries. In some cases, the Within—country variation is as great as the average variation
across countries. This evidence suggests that the amount of homework completed is largely a func-
tion of school policies.
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Of the three meta-cognitive learning strategies, it is clear that students use elaboration and control
strategies more than memorisation/rehearsal strategies. However, the results indicate that, among
the memorisation/rehearsal strategies, students favour using examples and trying to learn proce-
dures over simple “learn by heart” memorisation. Within the elaboration cluster, learning to relate
concepts to what is already known is more common and less variable than other strategies. Most of
the specific strategies within the control cluster receive high support from students, with relatively
little variation across countries. There is also relatively little variation across schools for these strat-
egies, especially elaboration and control, suggesting that these are stable student attributes rather
than highly influenced by the school. Memorisation and elaboration show higher than usual varia-
tion across schools in only a small number of countries.

In general, the profile shows students reporting stronger preferences for co-operative than for
competitive learning situations in mathematics. In a few countries, students express strong prefer-
ences for both learning situations, while in others there is a clear division. While these constructs
may intuitively appear mutually exclusive, or at least negatively related, the data do not support this

argument.

Most school principals agree that their teachers are open to innovative teaching practices. There is
more variation across countries in teacher support for traditional ways of teaching. The correlations
between these two factors within countries are negative, indicating that school staff tend to support
either traditional or innovative methods. In most countries, there is relatively little indication of

disagreement among staff about these approaches.

A large majority of school principals in all countries believe that their teachers expect high academic
standards of their students and that the development of mathematical skills and knowledge is the
most important objective of mathematics teaching. However, there is wide variation across coun-
tries in the degree of support for adapting standards to student abilities. Most school principals also
report that their teachers support the proposition that social and emotional goals are as important
as acquiring mathematics skills and knowledge.

The profile shows that there are wide variations among countries in the degree of streaming of
students into different mathematics classes based on ability. Streaming is particularly prevalent in
the United Kingdom, New Zealand, Ireland, the United States, Australia and Canada. Variations
occur among countries that otherwise have regional or cultural similarities. For example, streaming
is prevalent in Norway and Sweden, but not in Denmark or Finland. Similarly, there is a high level
of streaming in the partner economy Hong Kong-China but a relatively low level in Japan and in
the partner economy Macao-China. The use of within-class grouping is much more widely variable
than streaming. Surprisingly, many countries that practice high degrees of streaming also have high
levels of within-class grouping. This combination is frequent in New Zealand, Australia, the United
Kingdom, Ireland, the United States, Sweden, the Netherlands, Canada and the partner countries,
the Russian Federation and Latvia.

The most frequently used methods of assessment in almost all countries are teacher tests and
student assignments. Teacher ratings are also often used in most countries. However, there is con-
siderable variation among countries in the use of standardised tests and student portfolios. School
principals in most countries report that 20 to 39 student assessments take place each year. Since

the assessment questions were not specific to mathematics, it is not clear if this is within subjects
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or over all subjects. The most common use of assessments is for reporting to parents. Use of assess-
ment for student retention is also common. However, in a few countries, notably Denmark, Iceland
and Korea, this is only rarely the case. Use of assessments for comparison with national standards
varies widely: this is the case in more than 80% of schools in some countries and in fewer than
10% of schools in others. Denmark stands out as rarely using assessment for any purpose other than

reporting to parents.

The profile indicates a majority of students in most countries agreeing that activities associated with
teacher support are frequently used in their classrooms and that student-teacher relations are gener-
ally positive. Most students feel that teachers take an interest in their learning, that teachers give
them help when needed, that they have an opportunity to express opinions and that teachers treat
them fairly. There are few extremes here, suggesting that most students in most countries have a pos-
itive view of their teachers. The smaller-than-average proportions of students who report noise and
disruption and other disciplinary problems reinforce this finding. However, there appears to be more
variation across schools in the index of disciplinary climate in mathematics lessons than in the index of teacher

support, and more between-school differences on this set of variables than for learning strategies.

Differences that matter

The above description seems to show, in particular, that students’ relations with their teachers and
the disciplinary climate are two factors associated with better performance in which variation across
schools can be considerable. The implication of this is that a more consistently positive teaching envi-
ronment can contribute to reductions in between-school differences in performance, and this is more
obviously so than might be the case for other factors examined here. The problem, as noted earlier,
is that there is a likely interaction between disciplinary climate and student-teacher relations on the
one hand and socio-economic and other student background factors on the other, possibly leading to
a mutually reinforcing or mutually detrimental effect on achievement. This issue needs to be inves-

tigated more thoroughly than is possible in this overview study and can be revisited in PISA 2012.

However, the limited association with performance and degree of difference across schools for any
one element studied suggests that a combination of teaching and learning factors may give students
in one school an advantage over those in another. One noticeable trend in the summary tables in this
chapter is that some countries show high levels of between-school differences across many factors,
while others show consistently low levels of difference. In particular, Austria, Hungary, Italy and
Mexico are among those countries with the widest variations in a range of factors, while Finland
has relatively low variations on many factors. The combined impact of differences is likely to have a
cumulative effect on student performance.

In interpreting the patterns presented in this profile, a central issue is the extent to which variations
in teaching and learning practices affect students’ chances of success, and where such differences
are most significant. In some cases variations across countries are considerable, but they need to
be interpreted with caution. Of greater interest is the large variation in teaching and learning fac-
tors between schools in some countries, giving unequal chances to different students. Also, the
relationships noted in this chapter between teaching and learning strategies and student perform-
ance in mathematics represent simple correlations. The analysis of these relationships is refined in
Chapter 3, using models in which the effect of a particular teaching or learning strategy is examined
while adjusting for other variables.
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Notes

1 There are a few exceptions to this among OECD countries. In particular, in Mexico, Portugal and Turkey, fewer

than 90% of students aged 15 are enrolled in school (OECD, 2005).

2 Strictly speaking, teaching strategies should be thought of as characteristic of a teacher. However, in the absence
of a teacher questionnaire, student perceptions of teaching strategies have been aggregated to the school level
and considered representative of the school. In addition, some of the time variables, such as instructional weeks
per year and instructional hours per week, are better conceptualised as school-level than as student-level factors.
Nevertheless, in some countries, the existence of streaming and the fact that PISA students may be found in more
than one grade implies that within-school differences in time allocation and use may also be important. Such dif-
ferences are neither characteristic of schools nor of individual students but of sub-units within schools, and hence

are not examined here.

3 The graphs in this chapter have been arranged in descending order of the range from the 25th to the 75th percen-

tile. This order is designed to allow easy inspection of differences between schools within countries.

4 Education at a Glance: OECD Indicators 2005 (OECD, 2005) shows Mexico’s average total instructional hours as
slightly longer than the OECD average.

5 Caution is required here as it is possible that students in some countries are giving what they perceive to be

socially desirable responses.

6 Results based on the school questionnaire are presented as tables rather than graphs because multiple series bar
graphs for a large number of countries are difficult to read and interpret. In this situation the tables are more

compact than comparable graphs.
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Are Students’ Perceptions of
their Mathematics Teaching
and Learning Related to
Mathematics Performance?

This chapter first outlines the approach taken to develop an analytical framework of
teaching and learning strategies, and then considers the actual effects of background
factors and teaching and learning factors in PISA 2003, with separate findings for each
country. Teaching and learning strategies do not take place in a vacuum. Rather, various
background characteristics of students and schools create a context that can profoundly
influence teaching and learning processes and outcomes. These background factors require
examination alongside the teaching and learning factors, whose predictive power is the

main subject gfinvestigatjon in this chapter.
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INTRODUCTION

The extent to which teaching and learning enable students to acquire knowledge and skills is central
to the success of school systems. But can measurable features of teaching and learning activity be
linked with testable student outcomes? In principle, PISA provides the tools to make such connec-
tions, both by measuring a range of characteristics of teaching and learning as reported by students
and school principals and by testing student performance. However, drawing out links between
the two is an imprecise science, not least because the knowledge and skills a student may have at
age 15 are the product of learning over many years, both inside and outside school, whereas PISA
is only able to look at conditions that 15-year-olds are experiencing in their schools at the time of

the survey.

Recognising these limitations, this report uses a model designed to consider the extent to which
certain features of teaching and learning can help predict performance in mathematics in the PISA
assessment. This model acknowledges that teaching and learning do not take place in a vacuum.
Various background characteristics of students and schools create a context that can profoundly
influence the teaching and learning process and its outcomes. These characteristics include socio-
economic background, student attitudes to school and mathematics, student levels of motivation,
their perceptions of their own capability, and structural characteristics of schools such as school
size. Such factors can be regarded as the antecedents of teaching and learning because they are not,
for the most part, under the control of those who manage schools. These background factors bear
examination alongside the teaching and learning factors whose predictive power is the main subject
of investigation in this chapter.

The chapter outlines the approach taken in developing an analytical model of teaching and learning,
and then considers the actual effects of background factors and of teaching and learning factors in
PISA 2003.

An analytical model of the effect of teaching and learning strategies on mathematics
achievement

The discussion that follows uses an analytical model designed to determine to what extent learn-
ing strategies and teaching strategies are associated with stronger mathematics performance, after
accounting for other characteristics of students and schools. Thus, mathematics achievement is the
educational outcome, student learning strategies and teaching strategies are its main predictors and
a wide variety of other characteristics are treated as antecedents to learning. These last character-
istics are controlled for in the analytical models, so that the teaching and learning effects can be

more clearly seen.

The measures of teaching and learning that are considered here can be thought of as those that
contribute to the efficiency or effectiveness with which learning takes place. The measures of ante-
cedents to learning mainly cover factors that appear in other PISA reports, and in the literature, as
being significantly related to achievement. Although it is impossible to establish the causal direction
of effects in analytical models built on correlational data, measures other than teaching and learn-
ing strategies are modelled here as having influences on achievement that are independent of the

antecedent variables.
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The analytical model is a multi-level one which looks at the performance and characteristics both
of individual students and of groups of students within schools. The grouping of students within
schools in the survey makes it possible to examine variations across schools as well as among students.
The analytical model first provides an estimate of the proportions of variability in achievement as
accounted for by school differences on the one hand and by student differences within schools on the
other. Once these proportions have been established, each measure of teaching and learning can be
added in turn to the analytical model and its contribution to achievement estimated when account
is made for all the other variables. The report expresses this contribution as an effect (regression
coefficient), which may be interpreted as the change in mathematics achievement attributable to a
one-unit change in the chosen measure or predictor in the analytical model. The theoretical approach
outlined in Chapter 1 and the general logic of education production functions, which treats context
measures essentially as antecedents to teaching and learning and hence as factors to be accounted
for in studies of teaching and learning strategies, determine the overall structure of the analytical
model. Measures of context in this analysis include students’ socio-economic background, students’
self-beliefs as mathematics learners and students’ general attitudes towards school.

In this type of analytical model, a third level of analysis could potentially be added: that at coun-
try level, in addition to student and school levels. However, the analysis of three-level models
is complex, and the relatively small number of countries surveyed precludes the use of many
country-level variables. In addition, there are indications that students in different countries
may interpret questionnaire items differently, making it difficult to treat some of the measures
as a single scale across countries. For these reasons, the report presents results for each country
separately. While the report does not build cross-country comparisons into the modelling, it is
useful nevertheless to examine whether the effects of particular teaching and learning strategies
are universal or country-specific. This question is analysed by examining differences in the size
of the model coefficients across countries.

The PISA database contains many measures that can be analysed to investigate the effects of teach-
ing and learning strategies (see Chapter 2) The choice of variables included in the model and the
choice of results presented in this chapter was guided by an in-depth exploratory analysis of a wide
range of variables in the PISA 2003 database.” The final set of measures included in the analytical
model are those judged to give the best overall predictive power of student achievement with mini-
mal redundancy among the predictors. This exercise has led to the exclusion of several measures
related to time and to school principals’ perceptions of teaching strategies, as these have shown
essentially no separate effects when modelled as predictors of achievement.

REPORTING THE RESULTS

To avoid undue complexity the reported results concentrate on two types of effects relating the
measures of teaching and learning strategies to PISA mathematics performance. The first type is a
bivariate regression coefficient representing the direct or absolute association of a particular teach-
ing or learning strategy variable with performance, as already presented in Chapter 2. This coefti-
cient shows how strongly each measure is associated with performance, before accounting for other
factors. The second type is a multi-level, multivariate regression coefficient and shows the unique
effect of a single variable, after accounting for other factors in the teaching and learning analytical

model (see Box 3.1). This chapter reports on the unique effects for each factor and reminds readers
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of the observed associations with performance already found for each factor. Comparing the two
sets of coefficients for all countries presents a picture of the extent to which other factors included
in the analytical model have mediated the effect of the factor under examination.’

A complete breakdown of the effects for each measure included in the analytical model for each
country appears in Annex C, Multilevel Model, Table C.1, Multivariate regression coefficients and
standard errors. Table C.2 presents the bivariate regression coefficients and standard errors. For
those interested in a complete profile for a specific country or group of countries, the tables can be
used to construct within-country figures across all of the factors analysed, similar to the across-

country figures presented in this chapter.

Box 3.1 m Interpreting the effects of regression coefficients

The figures and tables in this chapter are based on regression coefficients designed to show
the effect on mathematics achievement of a one-unit change in each of the independent

measures or predictors included in the analytical model.

A one-unit change indicates a difference of one standard deviation in each measure. In some
cases, the measure of interest is an index and a difference of one standard deviation equals
an increase of one unit on the index. For each index, values are standardised so that the
mean value is zero and one unit is equal to one standard deviation. For example, on an index
showing the strength of the disciplinary climate as reported by students in answering a range
of questions, an average-strength disciplinary climate is represented as zero. The index is
constructed so that about two-thirds of students internationally report a disciplinary climate in
the range +1 to -1, i.e. within one standard deviation of the mean. A regression coefficient of,
say, 10 indicates that a one-point difference on this scale is associated with a difference of 10
score points on the PISA mathematics scale. Looked at in another way this would mean that,
taking the middle two-thirds of students ranked by how strongly they rate the disciplinary
climate of their schools, those with the strongest disciplinary climate would have predicted
mathematics scores 20 points ahead of those with the weakest disciplinary climate (because

they would be separated by two standard deviations on the disciplinary climate scale).

In most figures and tables, both a bivariate coefficient (absolute or observed effect) and a full-model
coefficient (relative or unique effect) are shown for each country. The bivariate effect represents
the effect on mathematics achievement of one unit change in the variable of interest when this
variable is considered alone. This effect is often referred to as the observed association with
performance. The full-model effect is the coefficient obtained when all measures are included in
the model. Therefore, it represents the effect on mathematics achievement of a one-unit change
in the measure of interest, accounting for all of the other measures included in the model. This
relative or unique effect is shown for each country in graphical format, with countries ordered
by the size of the effect. Statistically significant effects are shown as blue bars and non-significant
effects as white outline bars. In each case, the accompanying table gives some further information
to aid in interpreting the effects. A comparison of the bivariate coefficient with the full model
coefficient gives a sense of the degree to which other measures included in the model exert
mediating effects on the measure of interest’s association with performance. In almost all cases,
the full-model effect is smaller than the bivariate effect because of these mediating influences.
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Box 3.1 m Interpreting the effects of regression coefficients (continued)

It is important to note that, although the figures have been ordered by size of effects, these
figures should not be interpreted as a comparative ranking of countries, as is the case for the
achievement results. Statistical significance of the effects shown refers to whether the coefficient
is significantly different from zero, not whether effects in different countries are statistically
significant when compared with each other. Where the strength of an effect is shown as greater
in one country than another, this difference is not always statistically significant. In some cases,
comments are made in the text about comparative effects: these apply mainly to countries at
the extremes of the distribution or to patterns across countries with similar characteristics. All
differences large enough to warrant comment are statistically significant.

Including a large number of measures in regression models makes calculations technically
difficult. One problem is that the effects of occasional missing data are more significant
overall than when fewer factors are considered. In the analysis conducted in this report,
multiple imputation techniques were used to deal with missing data.

HOW MUCH PERFORMANCE VARIATION IS DUE TO SCHOOL DIFFERENCES AND
HOW DO A RANGE OF FACTORS CONTRIBUTE TO THIS VARIATION?

From the results presented in Chapter 2, it is clear that the amount of variation among schools in
some of the factors analysed here differs widely from one country to another. Some countries seem to
have relatively homogeneous school systems, while in others schools have wide variations in a number
of factors. PISA results have shown strong differences with regard to the socio-economic composi-
tion of schools: some countries have schools that are highly differentiated in terms of students’ back-
grounds and other countries have relatively small differences in socio-economic composition between
different schools (OECD, 2004). To what extent do schools differ in teaching and learning strategies?

The analysis in this report partitions the total variation in students’ performance in mathematics
into between-student and between-school components. It is instructive to examine these compo-
nents in terms of the impact on overall performance of differences between schools and as a precur-
sor to the more detailed analysis of the effects of selected student and school factors on achievement.

Figure 3.1 shows the total variance in mathematics performance accounted for by the teaching and
learning analytical model for each country, and the amount of this variance attributable to differences
between students and schools. In this graph, the total length of the bars gives the total variance, with
the two segments showing how much of this variance is attributable to differences between schools
(left segment) and variation within schools (right segment). Generally speaking, countries that have
high total variation in achievement also tend to have high between-school variation, and vice versa.
That is, highly differentiated school systems tend to be associated with high variations in achievement
while relatively homogeneous school systems tend to be associated with smaller overall variations in
achievement. There are notable exceptions to this, however. For example, Sweden has moderate total
variation in performance but low variation between schools, while the Netherlands has similar total

variation in performance to Sweden but much greater variation between schools.
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Figure 3.1 m Total student and school variance accounted for by the model

Belgium
Turkey
Germany
Uruguay

Japan

Hong Kong-China
Hungary

New Zealand
Czech Republic
Austria

Italy

Brazil
Switzerland
Greece

United States
Australia
Sweden
Netherlands
Slovak Republic
Korea
Luxembourg
Russian Fed.
Norway
Denmark
United Kingdom'
Poland

Iceland
Macao-China
Latvia

Portugal

Spain

Canada

Ireland

Serbia

Finland
Thailand
Tunisia

Mexico

1. Response rate too low to ensure comparability.
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Source: OECD PISA 2003 Database.
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Finland, Ireland, Canada and Spain have among the smallest total variation in performance and the
smallest variation between schools. In the cases of Canada and Finland, this finding also combines
with high average performance in mathematics, showing that uniformity does not necessarily come
at the expense of overall performance. Conversely, some high-achieving countries, notably Japan
and the partner economy Hong Kong-China, have both high variation overall and between schools.

The results from the analytical model are not dependent on the order of entry of the different factors
analysed; nevertheless, an important indicator of the predictive power of the model is the proportion
of school and student variance accounted for as one adds additional measures or factors. When built in
stages, the analytical model unfolds with one or more factors added at each stage and with the order
of addition chosen on a priori grounds. Stable student factors or measures considered as precursors of
learning strategies enter before the measures of more specific learning strategies. For example, the
three measures of students’ socio-economic background enter at the first stage in order to account
for the effects of socio-economic background when examining learning strategies. Student attitudes
towards school, students’ motivation to learn mathematics and their levels of anxiety in learning math-
ematics, as well as students’ self-beliefs as mathematics learners enter next, in that order, because these
factors were judged to be predictors of students’ use of learning strategies. Student learning strategies
enter next, on the assumption that student factors are more stable and hence require treatment as
antecedent to teaching strategies. Finally, teaching strategies enter, along with two school-level factors,
school size and school level socioeconomic status, considered as related to teaching strategies.

The analytical model examines many different student and school factors. As such, the predictive
power of an individual measure is likely to be reduced due to the impact of mediating effects, as
already described. While this might suggest that the effects of teaching and learning strategies are
underestimated or are artefacts of the analytical model chosen, it is important to recognise that this
model was established on a priori grounds, based on a hypothesised causal sequence. The effects of
teaching and learning strategies thus appear as unique effects, accounting for all factors considered
to be antecedents.” In any event, comparison of the bivariate and analytical model coefficients pro-
vides a sense of the impact of other factors in the model on the variables of interest.

Figure 3.2 shows the average proportions of school and student variance accounted for by the model.
(A complete breakdown of these proportions by country appears in Table C.3, Variance explained by
the multivariate multilevel model on teaching and learning.) As can be seen, the model is more effec-
tive in accounting for school variance than for student variance. The greatest incremental contribu-
tions to the variance accounted for occur when the measures of motivation to learn mathematics and
self-belief as mathematics learners are included, and also with the inclusion of the socio-economic
composition of the school. Nevertheless, there are significant contributions, especially to school vari-
ance, on entering some of the measures of student learning strategies and teaching strategies.

While the report presents this partitioning of variance in terms of gradually adding more factors
to the model, in reporting the final model results each factor is considered in relation to all other
factors in the model, demonstrating both the observed (bivariate) association with performance
and the unique effects after taking account of other factors. The analysis looks in turn at the ante-
cedents to learning and at the predictors. The methodology for calculating the effect of these two
groups of factors is the same, but the second set are of greatest interest in this report; the first set

are reported for context.
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Figure 3.2 m Average proportions of student and school variance
accounted for by the model
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Between schools Within schools

Model Stage
Parents’ highest occupational status, parents” highest level of education, number of books in the home
2 Students’ attitudes towards school and students’ sense of belonging at school

3 Students’ interest in and enjoyment of mathematics and students” instrumental motivation in learning
mathematics

4 Students’ anxiety in mathematics
5 Students’ self-efficacy in mathematics and students’ self-concept in mathematics

6 Hours per week of total homework, hours per week of mathematics homework, tutoring in mathematics,
out-of-school classes

7 Memorisation/rehearsal strategies, elaboration strategies, control strategies

8 Preference for competitive learning situtations, preference for co-operative learning situtations

9 Teacher support, student-teacher relations
10 School average of the highest international socio-economic index of occupational status (HISEI) of both parents
11 School size

12 School average disciplinary climate

Source: OECD PISA 2003 Database.

THE MEASURED EFFECTS OF ANTECEDENTS TO LEARNING INCLUDED IN THE
ANALYTICAL MODEL

Students’ socio-economic background

The report uses three measures of students’ socio-economic background. These measures are the high-
est occupational status of parents (HISEI), the highest educational level of parents (HISCED) and the
number of books in the home. The report uses these measures in preference to the composite index
of socio-economic background (a variable called ESCS) found in the PISA data file because they are
straightforward and easily understandable variables, and because exploratory analysis reveals them
to be better predictors of achievement than most other variables that make up the composite index.

Figure 3.3 shows the effects of the highest occupational status of parents. This socio-economic meas-
ure is positively associated with mathematics performance in all countries. In Japan and in the partner
economy Macao-China the relationship is non-significant. Even after accounting for other teaching and
learning factors, there remains a positive association in 31 countries, although the other factors greatly
reduce the effect. For example, the effect decreases by at least two-thirds in the Slovak Republic,
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Spain, the Russian Federation, Norway, Poland and Sweden. In most countries, this index and the
other two measures of students’ socio-economic background account for substantially more of the
variation between schools than between students. This finding indicates that there is a considerable
school-level effect independent of variations in students’ socio-economic backgrounds within schools.

The second measure of students’ socio-economic background is the level of education of the parents
(Figure 3.4). PISA asked students to indicate the educational level of both parents; the index used
here is the highest level of either parent. This measure, like the highest occupational status of parents,

shows a positive association with mathematics performance for almost all countries. The exceptions

Figure 3.3 m Parents’ highest occupational status (HISEI) and mathematics performance

Bivariate Multivariate Score point difference

Mean Effect S.E. |Effect S.E. per unit change in total homework

Belgium 50.59 17.9 (1.13)| 10.5 (1.26)
Poland 44.96 32.2 (1.74)| 10.3  (1.77)
Australia 52.59 19.8 (1.30)| 9.2 (1.19)
Norway 54.63 28.4 (1.75)| 9.1 (1.51)
Denmark 49.26 254 (1.75)| 8.9 (1.60)
Sweden 50.64 27.3 (1.79)| 8.8 (1.47)
United States 54.55 22.2 (1.26)| 8.5 (1.15)
Portugal 43.10 22.6 (1.40)| 8.5 (1.57)
Switzerland 49.30 18.6 (1.54)| 8.3 (1.38)
Brazil 40.12 13.1 (2.26)| 8.3 (2.07)
Ireland 48.34 222 (1.73)| 8.2 (1.42)
Finland 50.23 21.7 (1.28)| 8.1 (1.07)
Canada 52.58 18.1 (1.06)| 8.1 (0.96)
New Zealand 51.46 23.1 (1.44)| 7.7 (1.27)
Latvia 50.28 15.6 (1.82)| 7.6 (1.45)
Macao-China 3942 6.1 (4.10)| 6.7 (3.91)
Luxembourg 48.17 153 (1.42)| 6.6 (1.69)
Tunisia 37.50 10.5 (1.39)| 6.6 (1.52)
Uruguay 46.15 13.0 (1.36)| 6.3 (1.59)
Thailand 36.01 9.7 (1.39)| 5.7 (1.67)
Netherlands 51.26 9.5 (1.35)| 5.3 (1.24)
Czech Republic 50.05 15.3  (1.59)| 5.2 (1.63)
Italy 46.83 7.3 (1.11)| 4.6 (1.02)
Germany 49.33 13.0 (1.52)| 4.3 (1.39)
Hong Kong-China 41.13 5.7 (1.76)| 4.2 (1.69)
Hungary 48.58 10.1 (1.62)| 4.0 (1.57)
Russian Fed. 49.86 12.8 (1.51)| 3.8 (1.49)
Serbia 48.07 11.1 (1.43)| 3.7 (1.14)

Spain 44.29 15.8 (1.25)| 3.4 (1.14)

Slovak Republic 48.79 14.5 (1.25)| 3.2 (1.24)
Greece 46.94 12.2 (1.66)| 2.3 (1.73)
Mexico 40.12 4.8 (0.96)| 2.2 (0.88)
Turkey 41.57 6.4 (1.60)| 2.1 (1.52)
Austria 47.06 7.0 (1.21)| 2.0 (1.35)
leeland 53.72 129 (1.50)| 2.0 (1.46)
Korea 46.32 7.5 (1.52)| 14 (1.25)

Japan 4998 2.0 (1.47)| 0.0 (1.28)

United Kingdom' 49.65 21.8 (1.38)| 9.5 (1.27)

-10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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are Austria and the partner economies Brazil, Hong Kong-China, Indonesia and Macao-China. (In
these countries, the relationship is non-significant). However, when included in the analytical model
with all other factors, this positive association with performance remains in only Denmark, Iceland
and Ireland and becomes negative in Austria, Italy and the partner countries Tunisia and Brazil.

The third measure of students’ home background is the students’ estimate of the number of books in the

home.” Figure 3.5 gives the results for books in the home and — unlike for parents’ education — there is

Figure 3.4 m Parents’ highest educational level (HISCED) and mathematics performance

Bivariate Multivariate Score point difference per unit change
Mean  Effect S.E. Effect S.E. in total homework

Denmark  4.47 25.8  (2.02) 6.4 (1.76)
Iceland  4.28 20.1 (1.79) 6.2 (1.86)
Poland 4.09 35.9  (2.36) 3.5 (1.96)
Ireland  4.23 18.9 (1.59) 3.4 (1.43)

Czech Republic  4.36 17.8  (2.09) 2.6 (2.16)
Slovak Republic  4.32 18.2  (2.16) 2.5 (1.50)
New Zealand  4.25 20.9 (1.93) 2.5 (1.71)

Germany 4.05 11.4 (1.34) 2.1 (1.36)

Finland 4.80 194 (1.52) 1.8 (1.30)

Russian Fed.  4.86 15.8 (1.92) 1.5 (2.20)
Switzerland ~ 3.88 13.6 (1.34) 1.2 (1.10)
Canada 4.84 18.5 (1.49) 1.0 (1.48)
Hungary 4.22 13.1 (1.66) 0.7 (1.35)
Spain  3.87 10.2  (0.86) 0.7 (0.98)

Turkey 2.84 6.1 (1.39) 0.6 (1.23)
Greece 4.12 10.8 (1.45) 0.4 (1.34)
Latvia 4.90 18.9  (3.95) 0.1 (2.25)
Mexico 3.15 2.0  (0.99) 0.0 (0.97)
United States  4.67 20.0  (1.90) 0.0 (1.60)
Korea 4.04 6.3 (1.20) | -0.2 (1.06)
Thailand 2.55 54  (1.21) | -0.3  (1.36)
Luxembourg  4.09 8.5 (1.08) | -0.5 (1.34)
Uruguay 3.83 7.3 (1.47) -0.5 (1.54)
Japan 477 3.5 (1.64) | -0.6 (1.38)
Macao-China 2.63 2.4 (3.23) -0.6 (2.85)
Belgium 4.64  11.0  (1.25) | -0.7  (1.15)

Australia  4.62 124 (149 | -0.8 (1.25)

Sweden 4.67 15.9 (1.75) -1.0 (1.54)

Netherlands  4.56 4.3 (1.21) -1.4 (1.13)
Portugal  2.70 104 (1.10) -1.4 (0.95)
Serbia  4.21 74 (1.50) | -2.0 (1.47)
Norway 4.75 23.8 (2.30) 2.4 (2.36)
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Brazil 3.72 0.1 (1.20) | -2.8 (1.11)
Italy 3.95 3.1 (1.11) 2.9 (1.10)
Tunisia 2.46 4.2 (1.06) | -3.3 (1.26)
Hong Kong-China  2.58 -0.7 (2.01) -3.9 (2.01)
Austria  4.09 1.9 (1.68) | -5.0 (1.50)
Unitc(‘]Kingdom1 4.22 18.5 (1.77) 1.0 (1.57) .
10 0

”““”””UUUUHHW"

- 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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a positive association with mathematics performance, even when considered in the wider context ?8
of teaching and learning, in all countries except Mexico and the partner economies Macao-China c
and Thailand where there is no significant relationship. In 19 of the OECD countries the effect of £
the number of books in the home is of 10 score points or more. Clearly, this factor plays a signifi- ug
cant role in achievement independently of the other measures of socio-economic background and o
of other school and student effects. S
b
5
Figure 3.5 m Number of books in the home and mathematics performance =<
[av)
=
Bivariate Multivariate Score point difference 0
Mean  Effect SE. Effect SE. per unit change in total homework _':_
Sweden 3.92 344  (1.51) | 175  (1.18) =
Spain 376  28.8  (1.36) | 16.0  (1.26) _ <
Slovak Republic  3.53 26.4 (1.89) | 14.8 (1.54) o
Switzerland 337 253 (1.21) | 143 (1.08)  |— z
Korea 3.57  24.0  (1.55) | 142 (1.65) _— <
Norway 4.00 297  (1.66) | 141  (1.45) = <
United States 3.30 284 (1.18) | 14.0  (1.16) —
Finland 3.59  28.6  (147) | 12,9  (1.22) |s— =
New Zealand  3.70 29.0 (1.59) | 12.7 (1.32) ~
Austria 343 170 (1.28) | 120 (1.20) (— @
Poland 3.39 312  (149) | 118  (118) |— =
Czech Republic 4.1 198 (1.63) | 11.7  (1.63) = 2
lecland 405 249 (173) | 115 (147)  |— Y
Ireland 3.3 241 (1.48) | 113 (1.14) "
Denmark 3.54 276 (1.77) | 11.3 (1.46) =
Canada 372 20.6  (0.98) | 111 (0.70) (e— g
Portugal 3.04 249  (153) | 9.9  (1.80) e— 9
Australia  3.87 214 (0.95) | 9.8  (0.86) =
Luxembourg  3.53 16.5 (1.30) 9.8 (1.21) =
Turkey 2.55 15.3 (1.70) 9.3 (1.48) =
Germany 3.67  17.8  (1.17) 9.2 (1.15) =
Latvia 3.94  21.3  (2.16) 9.2 (1.51) N
Netherlands  3.39 12.9 (1.34) 8.9 (1.28) o
Belgium 336 168  (1.12) | 8.8  (1.04) 2
Hungary 3.92 152  (1.24) | 87  (1.18) 9
HongKong-China 2.54  12.9  (142) | 83  (1.36) o
Greece 3.20 170 (131) | 7.5  (1.47) ]
Russian Fed. 3.81  18.6  (1.40) | 6.9  (1.35) o
Japan 3.50  10.8  (1.26) | 64  (1.33) .
Brazil 2.01 120  (2.27) | 6.1  (2.20) £
Serbia  2.65 15.3 (1.76) 6.0 (1.51) 3]
Tunisia 2.31 117 (1.44) | 58  (1.21) E
Uruguay 271 129  (1.86) | 5.7  (1.46) X
Italy 3.51 10.7  (1.18) 4.0  (1.07) v
Thailand  2.45 8.3 (1.66) 1.8 (1.43) |[== <
Macao-China 2.27 7.0 (3.70) 1.7 (3.16) ]
Mexico 2.12 52  (1.57) | 14 (149 |m
United Kingdom' 341 26.0  (137) | 1.0 (1.19)
(] 10 20

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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In summary, two of the three measures of students’ socio-economic background, the highest
occupational status of parents and students’ estimates of the number of books in the home, remain
almost universally significant contributors to achievement, even after accounting for a large number
of other student and school characteristics. The size of these effects is generally diminished in the
full analytical model relative to their observed association with performance, indicating that other
factors can help overcome disadvantages in students’ socio-economic background. While universally
positively correlated with achievement, parents’ educational levels do not generally exert independ-
ent effects after other factors are accounted for.

Figure 3.6 m Students’ attitudes towards school and mathematics performance

Bivariate Multivariate Score point difference
Mean  Effect  S.E. | Effect  S.E. per unit change in total homework

Mexico 0.42 10.5 (1.11) 7.7 (1.02)
Iceland  0.00 15.0 (1.46) 7.2 (1.51)
Latvia 0.22 8.7 (1.94) 6.4 (1.31)
Finland 0.11 12.1 (1.46) 6.0 (1.27)

New Zealand  0.10 134 (1.53) 6.0 (1.48)
Norway -0.21 15.8 (1.86) 4.4 (1.76)
Sweden 0.02  13.0  (1.46) | 43  (1.44)
Tunisia 0.72 4.8  (0.87) 3.5 (0.85)
Thailand 0.28 76 (1.31) 3.1 (1.26)
Australia  0.25 10.2 (1.10) 2.8 (0.96)
Brazil 0.53 1.7 (1.40) 2.0 (1.41)
Switzerland  0.03 1.4 (1.90) 1.6 (1.29)
Denmark -0.03 5.2 (1.64) 1.5 (1.66)
Portugal 0.27 6.6 (1.31) 1.4 (1.13)
Ireland 0.13 6.1 (1.46) 0.9 (1.26)
Uruguay 0.11 2.1 (1.61) 0.8 (1.61)
Serbia  0.17 -0.8 (1.32) 0.7 (1.16)

Italy -0.06 0.6  (1.08) 0.3 (1.36)
Macao-China -0.37 1.2 (5.68) | -0.3  (4.13)
Russian Fed.  0.19 3.6 (1.38) | -0.3 (1.60)
Spain  0.14 5.1 (1.28) | -0.3 (1.22)
Canada 0.06 6.6 (0.87) | -0.3 (0.70)
Czech Republic -0.01 1.3 (1.33) | -04 (1.18)
Austria  0.12 2.2 (1.00) | -0.6 (1.02)
United States  0.09 6.6 (1.23) | -0.7 (1.26)
Luxembourg -0.23 -2.5 (1.33) -1.1 (1.23)
Poland -0.12 -0.8 (1.72) -1.1 (1.42)

Hong Kong-China -0.52 6.3 (1.90) | -1.5 (1.74)
Korea -0.37 1.2 (1.16) -1.5 (1.10)
Germany -0.08 -3.8 (1.25) | -2.2 (1.08)
Turkey 0.13 -1.0 (1.32) -2.3 (1.13)

Japan -0.50 -0.8 (1.43) 2.4 (1.38)
Netherlands -0.19 -1.1 (1.43) | -2.8 (1.34)
Slovak Republic  0.03 -6.4  (1.35) | -3.8 (1.20)
Greece 0.08 5.6 (1.53) | -4.0 (1.62)
Belgium -0.19 3.4 (1.10) | -5.1 (1.10)
Hungary -0.22 -7.3 (1.36) | -5.7 (1.35)

United Kingdom1 0.12 9.8 (1.23) 2.6 (1.24)

-10 0 10

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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Students’ general perceptions of school

Two indices in PISA 2003 represent student perceptions of school in general. These are: attitudes
towards school and sense of belonging at school. Although it can be argued that attitudes should
relate to achievement, an interesting question of causality arises here because it is not obvious if
success in learning engenders better attitudes or if a positive attitude to school is effectively a factor

in motivating students to learn.

The effects on achievement of students’ attitudes towards school and sense of belonging at school
appear in Figures 3.6 and 3.7. Students’ attitudes towards school are only weakly correlated with
achievement. The report finds statistically significant effects for about half the countries studied,
but these are not in a consistent direction. Countries where positive student attitudes towards
school are positively associated with mathematics performance include Norway, Iceland, New
Zealand, Sweden, Finland, Mexico, as well as Australia and the partner countries Latvia, Tunisia
and Thailand. Countries where a more positive attitude towards school shows a negative associa-
tion with mathematics performance include Hungary, the Slovak Republic, Greece, Germany and
Belgium. Therefore, there appears to be a tendency for the effect to be positive in countries with
relatively homogeneous school systems and negative in a few highly differentiated school systems.
For students’ sense of belonging at school, other teaching and learning factors offset any positive
(albeit weak) associations with student performance. In fact, in 20 of the OECD countries, a sense
of belonging at school is negatively associated with performance once other teaching and learning
factors are accounted for — Turkey is the only OECD country where this effect is positive.

Student motivation to learn mathematics

The literature on students’ motivation to learn often makes a distinction between intrinsic and
extrinsic motivation, commonly holding that intrinsic motivators are more effective than extrinsic

ones in engendering engagement and performance.

PISA views interest in the subject matter as an intrinsic motivational preference which affects intensity
of engagement with the subject. The report uses the index variable interest in and enjoyment of mathemat-
ics to represent this construct. This variable derives from a series of questionnaire items on how much
students enjoy and look forward to doing mathematics. The report considers subject-matter interest to
be an aspect of student learning strategies, especially if interest in the subject flows in some way out of or
from the teaching. This type of positive motivation might be expected to result in increased achievement.

In contrast to the intrinsic nature of interest and enjoyment, students may be motivated to study
mathematics by its perceived importance to future education or to careers. To analyse this pos-
sibility, the report uses the PISA index of instrumental motivation in mathematics, measured by a series

of questionnaire items on the perceived value of studying mathematics for these external reasons.

Figures 3.8 and 3.9 give the effects of each of these measures of motivation on mathematics per-
formance. Together, on average, the two measures of motivation to learn mathematics account for
an additional 5% of performance variation among students but no additional performance variation
among schools (see Table C.4, Variance explained by model changes). Students” motivation accounts
for 11% of the variation in student performance in Norway, 9% in Denmark and Finland and 8% in
Korea. Students’ reported levels of interest in and enjoyment of mathematics show relatively strong
positive association with mathematics performance. However, this changes mainly to moderate

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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negative effects in the full analytical model. In contrast, students’ instrumental motivation to learn
mathematics, which also has a strong positive observed association with performance, continues to
show significant positive effects in 13 of the OECD countries in the full model. Poland displays the
strongest positive effects (11 score points), followed by Norway and Spain (6 score points) and the
United States, Canada and the Russian Federation (5 score points). It is interesting to note that in
Poland, the United States, Canada and the Russian Federation, the effect of students’ interest in
and enjoyment of mathematics is negative while the effect of students’ instrumental motivation to

learn mathematics is positive.

Figure 3.7 m Students’ sense of belonging at school and mathematics performance

Bivariate Multivariate

Mean  Effect S.E. Effect S.E.
Turkey -0.44 9.6 (1.69) 4.2 (1.46)
Tunisia -0.09 3.6 (0.93) 1.9 (0.96)
Portugal  0.09 10.1 (1.50) 1.2 (1.50)
Mexico 0.08 3.7 (0.94) 0.4 (0.97)

Brazil 0.13 3.1 (1.12) 0.4 (1.31)
Czech Republic -0.27 7.8 (1.72) 0.2 (1.46)
Uruguay 0.24 2.3 (1.26) 0.2 (1.32)
Russian Fed. -0.29 7.7 (1.00) 0.1 (0.96)
Thailand -0.29 6.9 (1.42) 0.0 (1.56)
Luxembourg 0.23 4.4 (1.33) -0.2 (1.15)
Macao-China -0.61 4.3 (5.21) -1.1 4.27)
Hungary 0.08 2.0 (1.19) -1.4 (1.21)
Greece 0.04 2.2 (1.44) | -1.6 (1.41)
Serbia  0.03 0.2 (1.02) -1.8 (0.90)

Poland -0.17 7.5 (1.35) | -2.0 (1.11)
Switzerland  0.19 3.0 (1.29) -2.6 (0.92)
Slovak Republic -0.16 0.2 (1.30) | -2.8 (1.15)
Austria  0.44 0.1 0.95) | -3.0 (0.89)
Latvia -0.21 94  (2.10) -3.1 (1.75)
Belgium -0.28 -0.8 (1.31) -3.5 (1.31)
Italy 0.05 -0.5 (1.15) -3.9 (1.15)
Spain  0.20 0.4 (1.37) | -4.6 (1.13)
Japan -0.53 -1.0 (1.50) | -4.8 (1.50)
Netherlands -0.06 -2.8 (1.47) | -51 (1.53)
Germany 0.24 -3.4 (1.36) | -5.9 (1.39)
Korea -0.39 1.0 (1.31) | -6.1 (1.25)
Hong Kong-China -0.61 5.5 (1.62) -6.3 (1.71)
Denmark 0.01 1.7 (1.69) | -6.5 (1.50)
Canada 0.02 -1.4  (0.89) 7.2 (0.81)
Iceland  0.16 0.1 (1.45) -1.7 (1.20)
Ireland  0.08 -4.7 (1.42) | -8.0 (1.13)
Norway 0.24 -0.2 (1.53) | -8.1 (1.21)
New Zealand -0.01 2.5 (1.38) | -8.4 (1.32)
Australia  0.04 0.9 (1.19) | -8.6 0.97)
Sweden 0.25 -0.4 (1.53) 9.1 (1.26)
Finland -0.02 -1.9 (1.23) 9.1 (1.09)
United Kingdom'  0.08 0.2 (1.21) | -6.8 (1.30)

1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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Positive attitudes towards school and motivation to learn may be, independently of their impact on
achievement, important outcomes in their own right. The four measures of students’ perceptions
of school in general and their motivation to learn mathematics show positive correlations among
themselves. This lack of independence among these measures no doubt accounts for the change in
patterns of relationship when all of the measures enter into the same analytical model.

Figure 3.8 m Students’ interest in and enjoyment of mathematics
and mathematics performance

Bivariate Multivariate Score point difference
Mean  Effect SE. Effect SE. per unit change in total homework
Hong Kong-China  0.22 22.0 (1.25) 5.1 (1.83) :
Japan -0.39 15.9 (1.11) 4.7 (1.70)
Korea -0.12 233 (1.03) 2.5 (1.71) —1
Luxembourg -0.26 9.8 (1.18) 1.9 (1.77) [
Norway -0.17 34.0 (1.36) 1.3 (2.01) |
Macao-China 0.13 19.2 (4.18) 1.2 (4.53) u]

Switzerland  0.12 14.5 (1.36) 0.0 (1.87)
Netherlands -0.20 15.1 (1.47) | -0.2 (1.71)
Belgium -0.17 15.1 (1.18) | -0.5 (1.46) [
Uruguay 0.36 15.9 (1.62) | -0.7 (2.42) i
Hungary -0.21 10.8 (1.52) -1.5 (1.80) (=
Greece 0.10 19.8  (1.30) | -1.7 (2.14) (o
Germany 0.04 14.3 (1.09) -2.6 (1.31) -
Turkey 0.55 129  (l.e4) | -3.2 (2.10) —

Spain -0.07  20.6  (1.24) | -3.3 (1.93) —
Ireland -0.05 171 (1.52) -3.8 (1.72)
Czech Republic -0.19 184  (1.52) | -3.8 (1.81)
Italy 0.07 14.1 (1.15) | -3.8 (1.74)

Iceland -0.11 24.7 (1.45) | -4.2 (1.68)
Finland -0.24 30.2 (1.61) | -4.6 (1.79)
Sweden  0.09 27.2 (1.63) | -47 (1.76)
Austria -0.28 0.2 (1.22) | -5.3 (1.48)
Slovak Republic  0.03 154  (1.67) | -54 (1.90)
Tunisia 0.94 84  (1.17) | -5.5 (1.76)
Russian Fed. 0.25 11.5 (1.70) | -6.8 (2.36)
Canada -0.01 199  (0.94) | -7.1 (1.29)
Denmark 0.41 28.1 (1.56) -7.1 (2.23)
Thailand 0.71 6.4  (1.79) 7.2 (2.52)
United States  0.04 129  (1.18) 7.5 (1.33)
Australia  0.01 17.2 (1.07) | -7.8 (1.57)
Mexico 0.58 79  (1.52) | -8.2 (2.03)
Portugal 0.16 156 (1.75) | -84 (2.35)
Brazil 0.54 53  (2.07) | 91  (2.54)

New Zealand  0.12 15.9 (1.62) 9.1 (2.07)
Serbia -0.06 1.7 (1.57) | -9.5 (1.86)
Poland 0.11 17.7 (1.37) | -11.2 (1.85)
Latvia 0.05 16.5  (2.43) | -14.7 (2.52)

Are Students’ Perceptions of their Mathematics Teaching and Learning Related to Mathematics Performance?

United Kingdom'  0.00  13.8  (1.30) | 9.4  (1.73)

-20 -10 0 10

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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Student perceptions of their mathematics capability

PISA assesses student perceptions of their capabilities in mathematics using three indices. One of

these, the index of anxiety in mathematics, effectively represents an emotional reaction to mathemat-

ics. High anxiety is measured by agreement with items having to do with worrying about obtaining

good marks or feeling helpless or nervous when doing mathematics problems. A second measure,

the index of self-efficacy in mathematics, is more cognitive than affective in nature and derives from

Figure 3.9 m Students’ instrumental motivation in mathematics

and mathematics performance

Bivariate Multivariate

Mean  Effect  S.E. Effect  S.E.

Poland 0.04 18.8 (1.63) | 10.8 (1.65)
Latvia 0.07 192 (1.61) | 10.0  (1.58)
Norway 0.15 27.9 (1.55) 6.2 (1.55)
Spain -0.05 19.2 (1.04) 6.1 (1.60)
United States  0.17 16.8 (1.23) 5.5 (1.28)
Canada 0.23 19.0  (0.86) 5.2 (0.94)
Russian Fed.  0.00 10.1 (1.54) 5.1 (1.54)
Portugal  0.27 15.0 (1.59) 4.8 (1.74)
Belgium -0.32 11.6 (1.20) 4.6 (1.26)
Slovak Republic -0.05 11.8 (1.36) 4.5 (1.66)
Sweden 0.02 22.9 (1.83) 43 (1.51)
Serbia -0.20 2.1 (1.32) 4.1 (1.58)

New Zealand  0.29 16.3 (1.72) 4.0 (1.44)
Italy -0.15 9.9 (1.29) 3.9 (1.67)
Thailand  0.49 9.0 (1.69) 3.9 (2.19)
Finland 0.06 26.6 (1.71) 3.6 (1.46)
Tunisia 0.52 9.9 (1.18) 3.5 (1.48)
Greece -0.05 13.2 (1.33) 3.3 (1.86)
Czech Republic  0.01 14.1 (1.38) 3.0 (1.20)
Korea -0.44 19.0 (1.15) 2.8 (1.43)
Iceland 0.31 18.0 (1.68) 2.4 (1.68)
Hungary -0.11 8.1 (1.34) 2.3 (1.30)
Uruguay 0.27 10.0 (1.31) 2.2 (1.41)
Germany -0.04 9.7 (1.29) 1.8 (1.23)
Australia  0.23 15.6  (0.94) 1.7 (1.41)
Hong Kong-China -0.12 15.7 (1.50) 1.3 (1.67)
Turkey 0.23 9.3 (1.47) 1.1 (1.75)
Mexico 0.58 5.7 (1.32) 0.9 (1.82)
Ireland  0.10 8.3 (1.40) 0.9 (1.32)
Netherlands -0.26 10.5 (1.29) 0.8 (1.20)
Japan -0.66 11.5 (1.15) 0.8 (1.57)

Brazil 040 0.5 (172 | 0.5  (1.95)
Luxembourg -0.41 47 (1.19) 0.2 (1.56)
Denmark 0.37 21.0 (1.48) | -0.2 (1.87)
Switzerland -0.04 8.4 (1.54) | -0.2 (1.28)
Austria -0.49 3.1 (1.15) -1.7 (1.37)
Macao-China -0.03 4.5 (3.79) -8.4 (4.25)

1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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responses to questions about student confidence in their ability to solve specific kinds of mathemat-
ics problems. The third measure, the index of self-concept in mathematics, represents responses to items
on student perceptions of how good they are at mathematics in general. These three measures are
not mutually independent. There is a strong positive correlation between self-concept in mathemat-
ics and self-efficacy in mathematics and strong negative correlations between both of these and
anxiety in mathematics; the correlation between anxiety in mathematics and self-concept in math-
ematics is particularly pronounced (-0.80 on average in OECD countries; see Table B.1.).

As Figure 3.10 shows, anxiety in mathematics has a significant negative association with perform-
ance for most countries and, furthermore, the pattern remains the same even when taking other
contextual and teaching and learning factors into consideration, with only Korea showing a signifi-
cant positive effect. Among the OECD countries where anxiety in mathematics shows the largest
negative effects Mexico (-13 score points) has above-average reported levels of anxiety, Denmark
(-12 score points) and New Zealand (-11 score points) have below-average reported levels of anxiety
and Poland (-15 score points) has average reported levels of anxiety. As noted earlier, these pat-
terns may relate to country or cultural differences in the interpretation by students of the questions
making up the anxiety scale. This potential source of bias needs to be investigated further.

The association between students’ self-efficacy in mathematics and mathematics performance is
positive and strong in all countries (Figure 3.11). Indeed, self-efficacy in mathematics shows the
strongest overall effects of any factor in the teaching and learning analytical model in 12 OECD
countries and 3 partner countries. The strength of this relationship is perhaps not surprising, as the
items used to measure self-efficacy in mathematics to some extent resemble the actual test items,
although the assessment items are more generic. The important difference between them is that the
self-efficacy items indicate students’ perceptions of their ability to perform the task rather than their
actual performance. Nevertheless, it can be argued that self-efficacy in mathematics, if not a proxy
for achievement, is closer to achievement as a construct than any other factor analysed in the model.

Figure 3.12 demonstrates that self-concept in mathematics has a similar relationship with perform-
ance both before and after other contextual and teaching and learning factors are considered: there
is a strong and positive association with mathematics performance, although the strength of the
association varies more among countries. These results are consistent with the high observed corre-
lations of self-concept in mathematics with achievement. Self-concept in mathematics shows a posi-
tive effect of 30 score points in Finland, and between 20 and 25 score points in Denmark, Iceland,
Australia, the Slovak Republic, New Zealand, Norway, Poland and the partner country Latvia. In
Denmark, Finland and Iceland self-concept in mathematics shows the strongest overall positive
effects of any of the factors analysed in the teaching and learning model. Students in Denmark
report above-average levels of self-concept in mathematics.

It is interesting to note that, although these three measures of student perceptions of capability
are intercorrelated, all three exert independent effects on achievement when included together in
the model.® This indicates that the analysis has measured relatively independent constructs. It also
indicates that all of these factors are powerful predictors of achievement. However, PISA data do
not show the direction of causation. The argument that students have a positive self-concept or self-
efficacy in mathematics because they are good at mathematics is just as plausible as the argument

that being more confident in learning mathematics will lead to better performance. In fact, these

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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results indicate that high levels of confidence and high performance are mutually reinforcing. The

same is true for high levels of anxiety in learning mathematics and low performance. The report

addresses the policy implications of this finding in Chapter 4.

School size

Two school-level measures, school size and socio-economic composition of the school, are used

in the teaching and learning analytical model. School size was chosen because of its observed high

Figure 310 m Anxiety in mathematics and mathematics performance

Hong Kong-China  0.23 -20.3

Netherlands -0.38  -20.4
Macao-China 0.24  -26.4

United States -0.10  -30.1
Switzerland -0.29  -26.1
Czech Republic -0.05 -32.0

Luxembourg -0.01 -20.8

Slovak Republic  0.04  -37.0
New Zealand -0.10  -44.4

Russian Fed. 0.14 -37.3

Bivariate Multivariate

Mean  Effect  S.E. Effect  S.E.

Korea 041  -18.3 (1.38) 3.9 (1.87)
Iceland -0.20  -33.1 (1.34) 1.0 (1.54)
(1.72) | -0.1 (2.24)

Japan 0.44  -14.4 (1.18) -1.4 (1.83)
Tunisia 0.62  -10.0 (1.33) -1.9 (1.34)
(1.43) -1.9 (1.65)

(3.71) 2.9 (4.23)

Spain  0.28  -22.6 (1.74) -3.4 (1.73)
Thailand 049  -14.9 (1.58) | -4.1 (1.75)
Portugal 0.15  -27.7 (1.40) | -4.2 (1.82)
Australia -0.05  -34.2 (1.25) | -4.3 (1.40)
Austria -0.27  -20.9 (1.03) | -4.5 (1.49)
Belgium 0.09  -23.0 (1.09) | -5.1 (1.34)
(1.17) | -5.1 (1.46)

Germany -0.25 -22.2  (0.87) | -5.1 (1.37)
(1.04) | -5.5 (1.36)

Canada -0.04 -30.6  (0.79) | -5.7 (1.11)
(135) | 5.9  (1.65)

Finland -0.31  -41.7 (1.51) | -6.3 (1.88)
(1.17) | -6.4 (1.65)

Uruguay 0.30  -28.2 (1.71) -6.7 (1.99)
Ireland 0.07 -30.0 (1.53) -7.0 (2.24)
Turkey 0.34  -19.3 (1.52) 7.1 (1.63)
Norway -0.05  -41.3 (1.33) -7.8 (1.65)
Sweden -0.49  -41.2 (1.56) | -7.9 (1.61)
Italy 0.29  -25.5 (1.29) | -8.2 (1.45)
Hungary -0.01  -23.6 (1.23) | -84 (1.72)
Serbia 0.28 23.6  (1.23) | 9.1  (1.74)
Greece 0.16  -28.6 (1.42) 9.3 (1.60)
(1.03) 9.8 (1.37)

(1.35) | -11.1 (1.92)

Denmark -0.45  -42.8 (1.40) | -12.4 (1.81)
Latvia 0.12  -42.1  (1.99) |-12.5  (1.95)
Mexico 047  -26.0 (1.19) | -12.7 (1.15)
Brazil 0.57 274  (2.24) | -13.2 (2.72)
(1.68) | -14.3 (2.25)

Poland 0.04 -44.8 (1.34) | -15.1 (1.65)
(1.20) | -3.7 (1.84)

United Kingdom1 -0.08  -299

1. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.

Mathematics Teaching and Learning Strategies in PISA © OECD 2010

Score point difference

per unit change in total homework

j—
m

H”DDD

-20

-10

0

10

Note: Statistically significant score point differences
are marked in a darker tone.



correlation with achievement in many countries, and because teaching strategies are treated here
as characteristics of schools and hence might be expected to be related to school size. School size is
most notable for its variability both within and between countries (see Figure 3.13). A mean school
size of more than 1 000 students is found in Luxembourg and the partner economy Macao-China.
Both of these countries also show large variations in school size. However, Korea and the United
Kingdom, and the partner economy Hong Kong-China, have mean school sizes in the range of 900
to 1 000 students, but with a much more homogeneous distribution. Countries with the smallest
average school sizes also tend to show the smallest variation in school sizes. With some exceptions,

Figure 311 m Self-efficacy in mathematics and mathematics performance

Bivariate Multivariate Score point difference
Mean  Effect SE Effect SE per unit change in total homework

Ircland -0.03  44.0  (1.35) | 32.4 (1.82)

New Zealand  0.01 48.8 (1.36) | 31.1 (1.71)
Sweden 0.03 51.8 (l.e1) | 30.6 (1.66)
Australia  0.10 434  (0.88) | 30.5 (1.35)
Switzerland 0.32  40.0  (1.47) | 30.4 (2.41)
United States  0.27 414 (1.17) | 29.6 (1.37)
Latvia -0.11  47.0  (2.61) | 293  (2.21)
Poland 0.05 50.7 (1.93) | 28.6 (2.03)
Macao-China 0.08 38.2  (3.90) | 277 (4.04)
Hong Kong-China  0.11 34.8 (1.61) 27.5 (1.82)
Canada 0.25 39.7  (0.83) | 274  (0.93)
Russian Fed. -0.08 38.0 (1.97) | 274 (2.25)
Portugal -0.06  43.2 (1.88) | 27.2 (1.97)
Luxembourg 0.10 31.8 (1.18) | 26.6 (1.31)
Japan -0.53 304 (1.34) | 25.8 (1.76)

Italy -0.11 344 (1.38) | 25.7 (1.33)

Slovak Republic  0.39 394 (1.49) | 247 (1.71)
Belgium -0.04  33.0  (1.50) | 24.7 (1.29)
Czech Republic  0.16 38.3 (1.19) | 23.8 (1.27)
Iceland 0.04  40.1 (1.27) | 23.8 (1.63)
Denmark -0.07  48.7 (1.78) | 23.4 (1.93)
Germany 0.15 32,6 (1.23) | 23.0 (1.62)
Norway -0.04 464  (1.52) | 22.9 (1.74)
Hungary 0.36 29.9 (1.21) | 22.8 (1.25)
Korea -0.42 356 (1.36) | 22.7 (1.56)

Spain -0.04  36.5 (1.38) | 221 (1.26)
Finland -0.15 45.5 (1.40) | 21.3 (1.69)
Austria  0.16 27.8 (1.18) | 20.4 (1.22)
Greece -0.26 33.1 (1.93) | 19.9 (2.07)
Thailand -0.52 23,6 (1.73) | 19.5 (1.69)
Uruguay 0.02 28,5  (1.60) | 19.2  (1.51)
Netherlands -0.09 27.3 (1.25) | 19.1 (1.56)
Turkey -0.18 248  (1.59) | 19.0 (1.45)
Serbia -0.02 220  (1.83) | 17.8 (1.75)
Mexico -0.22 20.1 (1.27) | 16.6 (1.46)
Brazil -0.38 19.8 (1.84) | l6.4 (2.00)
Tunisia -0.29  18.2  (1.32) | 13.3  (1.36)

Are Students’ Perceptions of their Mathematics Teaching and Learning Related to Mathematics Performance?

United Kingdom1 -0.11 444 (1.29) | 323 (1.49)
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1. Response rate too low to ensure comparability. Note: Statistically significant score point differences

Source: OECD PISA 2003 Database. are marked in a darker tone.
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such as Greece, New Zealand and Poland, most countries with small mean school sizes are more
sparsely populated. Whether the school is located in an urban of rural setting may therefore be an
important variable. This issue could not be examined here but may be of interest for secondary

analysis within some countries.

In general, Figure 3.14 shows that the simple observed relationship between school size and math-
ematics performance is: the bigger the school, the better the performance. However, the strength of
this association varies considerably and it is not significant in Greece, Iceland, Norway, Poland, the

Figure 312 m Self-concept in mathematics and mathematics performance

Bivariate Multivariate Score point difference
Mean  Effect S.E. Effect S.E. per unit change in total homework

Finland 0.01 449  (1.19) | 29.8 (1.94)
Denmark 0.24 454 (1.28) | 24.5 (2.56)
Iceland  0.03 39.6  (1.14) | 244 (1.88)
Australia  0.13 394 (1.10) | 244 (1.31)
Slovak Republic -0.05 39.9 (1.44) | 22.5 (2.22)
New Zealand  0.15 44.2 (1.32) | 22.1 (2.41)
Norway -0.18 457 (1.23) | 21.9 (2.13)
Latvia -0.11  41.8  (1.93) | 21.5  (2.12)
Poland 0.03  44.8 (1.39) | 20.3 (2.17)
Greece 0.11 34.1 (1.56) | 19.2 (2.41)
Serbia  0.02 233 (1.48) | 191 (1.90)
Sweden 0.13 46.2 (1.56) | 19.0 (1.81)
Canada 0.19 34.1 (0.66) | 18.4 (1.56)
Portugal -0.18 30.9 (1.18) | 18.4 (1.72)
Korea -0.35 32.1 (1.26) | 17.7 (2.55)
Czech Republic -0.09 32.8 (1.27) | 17.0 (1.75)
Spain -0.19 30.5 (1.13) | 16.6 (1.95)
Mexico 0.17 229  (0.99) | 16.3 (1.21)
Macao-China -0.20  30.6  (3.69) | 15.2 (4.07)
United States  0.25 32.2 (1.19) | 15.1 (1.92)
Austria  0.07  23.5 (1.12) | 15.0 (1.68)
Uruguay 0.02 27.5 (1.40) | 14.7 (2.35)
Russian Fed. 0.13 34.1 (1.63) 14.2 (2.40)
Brazil 0.04  22.3 (1.57) | 13.8 (2.22)

Italy 0.00  23.6  (1.06) | 13.5 (1.77)
Belgium -0.03 247 (1.19) | 13.0 (1.35)
Hong Kong-China -0.26 271 (1.56) | 12.8 (2.58)
Thailand -0.09 16.9  (1.71) 11.9 (2.09)
Ireland -0.03 324 (1.55) | 11.2 (2.64)
Turkey 0.02 22.2 (1.56) | 11.1 (1.83)
Tunisia 0.15 13.9  (0.96) | 10.8 (1.41)
Netherlands  0.00 22.4 (1.44) | 10.6 (1.72)
Switzerland  0.13 25.3 (1.15) 9.9 (1.77)
Hungary -0.15 237 (1.25) 9.7 (1.66)
Germany 0.15 23.1 (0.97) 8.8 (1.50)
Japan -0.53 18.2  (1.10) 5.3 (2.17)
Luxembourg 0.07 19.1 (1.14) 4.6 (1.66)
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United States, the Slovak Republic, Germany, Luxembourg, the Czech Republic, Turkey, Spain, Italy, B3]
v
Switzerland, and the partner economies Brazil, Macao-China and the Russian Federation. This effect =
remains significant for most countries when considering other contextual and teaching and learning g
factors in the analytical model, but is much reduced (only 10 score points or more in 11 countries). ug
These results do not indicate that the high correlations commonly observed between school size and &
achievement are likely to be products of what takes place in schools, or of student ability or other 5
characteristics of schools or their students. Although it is interesting that the partner economy Hong =
Kong-China has the largest school effects in Figure 3.14, caution is required in interpreting the results %
-~
as the number of schools in the sample is relatively small compared to other countries. =
. . =
Figure 3.13 m School size 5
-+
Standard ’8
Mean  deviation E
Macao-China 1591 1151 B—— ; v
[ o/
Luxembourg 1210 703 — 5
Hong Kong- China 986 228 = £
Korca 993 397 <
United Kingdern 901 411 i_ §
Tunisia 877 424 [ [—
| ] -
Portugal 732 397 -_— c
Japan 670 396 —— “
] o
Netherlands 800 524 I — <
Australia 653 385 _a —S
Serbia 684 411 [E——] <«
Spain 600 355 = =
New Zealand 671 510 [ —] 5
Belgium 520 310 --_. et
Brazil 704 593 —— €
Canada 591 446 ——_ _EU
Germany 559 461 [ [—] S
Ireland 484 241 -—= =
Sweden 534 355 -—_ 5
Turkey 670 631 i — =
. I +
United States 610 614 -—__ [
Thailand 702 742 — °
Denmark 374 228 --: g
Italy 448 323 j(— =
Czech Republic 380 215 [ 3‘
Slovak Republic 385 221 i v
Finland 313 167 i &
Austria 385 340 [ o
Hungary 343 231 T b=
Uruguay 361 391 = -
Russian Fed. 427 377 i — =
Poland 335 256 D ‘3
Greece 254 125 i} :i
Switzerland 384 455 ]
Latvia 369 338 i —)
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Iceland 261 214
Mexico 279 409 o —
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School size
Median
— I E——
Source: OECD PISA 2003 Database. 5th 25th 75th  95th
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,

Socio-economic composition of the school

Because of the way many schools cluster within communities, parent choice of school, the existence
of public and private schools, and other factors, schools within a country may differ substantially in
the socio-economic background of their student bodies. Figure 3.15 shows that in most countries
there is considerable variation among schools in the average socioeconomic backgrounds of their
students. It is therefore appropriate to include in the model a measure of the socio-economic com-
position of the school. The index chosen for this purpose was the average of the highest parental
occupation for students in the school, entered as a school-level predictor in the analytical model.

There is a strong positive association between the school average of students’ socio-economic back-
ground and mathematics performance. Figure 3.16 shows this in a standardised form that allows

Figure 314 m School size and mathematics performance

Bivariate Multivariate Score point difference per unit change in total homework

Mean  Effect S.E. Effect S.E.
Hong Kong-China 986 116.4 (7.65) | 62.3 (4.50)
Uruguay 361 40.0  (1.61) | 16.2  (1.26)
Latvia 369  30.3  (2.65)| 15.5  (2.12)
Belgium 520 293 (6.08) | 12.7  (2.39)
Denmark 374 33.0 6.47) | 12.0 (4.09)
Finland 313 224 (2.84)| 11.9  (3.22)
Netherlands 800 18.5  (2.84) | 11.3  (3.08)
Austria 385 15.7 (5.19) 11.2 (2.88)
Korea 993 28.0 (4.64) | 10.3 (1.40)
Portugal 732 282  (3.85)| 10.2  (0.81)
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Hungary 343 224 (1144)| 75  (4.66)

Sweden 534 16.6 (3.30) 7.0 (2.89)

Canada 591 114  (143) | 7.0  (0.94)

Tunisia 877 12,6  (4.48)| 6.8 (2.06)

Ireland 484 173 (5.15) | 6.6 (3.15)

Switzerland 384 10.1 (5.15) 6.1 (4.51)
Japan 670 25.3 (1.03) 5.8 (1.06)
Australia 653  24.9  (1.34)| 4.9  (1.17)
Russian Fed. 427 148 (#.91) | 48 (3.25)
Italy 448 1.5 (5.59)| 4.2 (3.52)

Serbia 684 8.8 (1.52) 4.1 (0.97)
Thailand 702 13.9  (0.29) | 4.1 (0.43)
Spain 600 9.6 4.11) 4.0 (2.29)

Mexico 279 5.3 (1.87) 3.7 (1.33)

Turkey 670 3.1 (3.16) 3.6 (2.93) =
Macao-China 1591 45  (2.82)| 3.6 (1.87) =
New Zealand 671 152 (0.94) | 3.5  (1.01) -

Czech Republic 380 8.6 (9.01) 3.3 (3.97) =}
Brazil 704 27 (2.19)| 1.6  (0.98) m
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Germany 559 8.2  (4.25)| 0.6 (2.46)
Slovak Republic 385 14.1 (7.64) 0.4 (2.67)
United States 610 1.1 (2.27) | -0.2 (1.26)
Poland 335 183 (2.70) | 1.5 (2.65) o
Norway 218 8.8  (7.99)| -48  (7.55) ==
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comparison with the school-level effects of other measures included in the analytical model. Even U
v
when considering other factors, one standard deviation increase in the school average of parents’ c
occupational status is associated with a positive effect of at least 20 score points in 20 countries. It is £
associated with a positive effect of at least 30 score points in Japan, the Netherlands, Italy, Hungary, ug
Germany and the Czech Republic. Conversely, in Finland, Norway, Sweden, Denmark and Iceland o
this association is relatively weak or even negative (8 score points or less). 5
"
It is interesting to note that although associations at the school level are comparatively weak in g
Denmark, Finland, Norway and Sweden, there are comparatively strong associations at the stu- 12
dent level (8 or 9 score points; the maximum effect among countries is 10 score points). In other =
0
2
Figure 3.15 m School average highest parents’ occupational status =
)
=
Standard School average &J
Mean  deviation highest parents’ occupational index -
United States  51.72 8.14 I— — =
Norway —54.53 8.26 - — <
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. . ] =
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countries, the school average effects of parents’ occupational status are independent of and sub-
stantially larger than student-level effects, indicating that in most countries students attending a
school in which most students are from relatively advantaged socio-economic backgrounds are at
an academic advantage. This result is most striking in Japan and Korea, where at the student level
there is no association, but one standard deviation improvement in the school average of parents’
occupational status shows a positive effect of 37 score points (Japan) and 26 score points (Korea).
Finland and Japan demonstrate two different situations where both countries achieve high mean
performance, but Finland has a relatively homogenous distribution of school-level parents” occupa-
tional status, while this is not the case in Japan.

Figure 3.16 m School average of the highest international socio-economic index of
occupational status (HISEI) of both parents and mathematics performance

Bivariate Multivariate Score point difference
Mean  Effect S.E. Effect S.E. per unit change in total homework

Japan 47.65 77.8  (0.83) 37.1 (1.63)
Netherlands  51.13 52.1 (3.46) | 36.6 (2.53)
Italy 42.20 49.1 (0.68) 33.9 (1.11)
Hungary 41.96 56.2 (1.28) 32.9 (1.69)
Germany 47.33 50.6  (3.37) 31.3 (2.05)
Czech Republic  49.55 53.9 (4.60) | 30.9 (3.07)
Luxembourg 48.12 53.5 (1.16) 28.1 (1.82)
Turkey 38.54 50.0 (0.94) 27.6 (1.63)
Belgium 47.86 53.0 (2.46) | 27.3 (1.83)
Austria  45.79 47.1 (1.28) 26.6 (1.79)
Korea 45.84 58.3 (1.08) | 25.6 (1.35)
Slovak Republic  45.86 46.7 (0.63) 25.2 (0.93)
Greece 41.99  40.2 (1.07) | 24.8 (1.56)
Brazil 36.61  40.2  (1.74) | 23.6  (1.34)
Uruguay 43.25 44 .4 (0.76) 23.0 (1.14)
Serbia  49.15 41.2 (0.66) 21.2 (1.02)
Tunisia 37.12 31.9 (0.32) 20.3 (0.91)
Hong Kong-China  41.13 48.7 (1.24) 20.2 (1.79)
Thailand 31.65  36.4  (0.82) | 20.1  (1.25)
Switzerland  47.67 39.5  (0.90) 18.6 (1.49)
Mexico 37.17 25.9  (0.32) 17.1 (0.76)
Australia  51.23 39.8  (3.37) 16.3 (2.24)
Macao-China 40.10 23.8 (3.52) 15.4 (3.95)
United States  51.72 41.1 (0.91) 15.0 (1.37)
New Zealand 49.47 36.0 (1.76) 13.3 (1.64)
Ireland 46.66 34.6 (1.69) 12.2 (1.90)
Russian Fed. 47.46 304  (1.18) | 11.4  (1.63)
Latvia 48.06 26.6 (1.37) | 11.3  (1.57)
Portugal 40.53 35.5 (0.98) 10.7 (1.27)
Canada 50.24 25.8  (0.78) 10.5 (0.73)
Spain  44.11 26.4  (0.59) 10.4 (1.09)
Poland 45.63 29.7 (1.36) 9.7 (1.63)
Denmark  49.60 29.5 (1.85) 8.1 (1.93)
Sweden  51.35 25.0 (1.62) 5.4 (1.66)
Norway 54.53 19.2 (1.71) 3.5 (1.55)
Iceland  49.28 8.0 (1.87) 0.8 (1.66)
Finland 48.81 97  (0.99) | 2.8  (1.10)
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United Kingdom1 50.65 37.3 (2.87) 13.0 (1.22)
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THE MEASURED EFFECTS OF TEACHING AND LEARNING IN THE ANALYTICAL
MODEL

Homework time

The time students spend on homework is widely considered an important element of both teaching
and learning strategies. Teachers vary in the amount and type of homework they assign and students
obviously differ in the amount of time spent on homework. This last point is of direct interest here as
time spent on homework may be an important element of student learning strategies. It is also possible
that school policy, or policies developed by local or state authorities, influences homework assignment.
From the perspective of the Carroll model discussed in Chapter 2, homework is one of the few ways
of increasing the time spent learning in school systems where the total learning time in school is fixed.

A full analysis of homework should examine both the amount of homework assigned and the amount
of time actually spent on homework, as well as the nature of the homework, its supervision and moni-
toring. Unfortunately, PISA does not provide measures of all of these elements. However, PISA 2003
does collect two measures of students’ reports on how much time they spend on homework: hours per
week of total homework and hours per week of mathematics homework. Figures 3.17 and 3.18 give
the effects for these two measures of homework. Note that, again, the effect is shown in standardised
form, as the performance change associated with a rise of one standard deviation in homework time,
which averages more than 300 minutes per week for total homework and 160 minutes for mathematics
homework across the OECD countries. There is a high degree of variability in the amount of home-
work reported by students, suggesting that this measure may not reflect very accurately the prescribed
amount of homework, but that different students report spending more or less time doing homework.

For most countries, the number of hours students spend each week on homework in total is posi-
tively associated with mathematics performance, while the number of hours spent each week solely
on mathematics homework is negatively associated with mathematics performance. Of course these
two measures are not independent: mathematics homework forms a significant component of the
total amount of homework reported by students in OECD countries, averaging 53% across all
OECD countries and ranging from 33% in Hungary, Italy, the Netherlands and Sweden to 55% in
Mexico. When looking at both these measures in the context of other factors, one might therefore
expect that the effects of total homework would suppress the effects of mathematics homework.
However, this is not the case, as shown by the observed negative association between mathematics
homework and mathematics performance in 19 of the countries studied (Figure 3.18).

While a negative relationship between homework and achievement may seem counter-intuitive,
it is conceivable that assigning extra homework to weaker students along with the likelihood that
stronger students finish standard homework in less time could produce this relationship. However,
such a relationship is also inconsistent with the literature on homework. As in earlier work, a new
synthesis of homework research across studies employing a variety of correlational and quasi-
experimental methods (Cooper et al., 2006) reports positive homework effects in languages, arts
and mathematics. Unfortunately, this synthesis covers only studies conducted in the United States,
but the observed association between mathematics homework and mathematics performance in the

United States is consistent with Cooper’s work, although the relationship is weak (5 score points).

To what extent are homework effects characteristic of particular countries? In particular, to what
extent are they characteristic of the way in which various countries treat homework? It is notable
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’?8 that the strongest negative effects for mathematics homework in the teaching and learning analytical
= model are seen in Finland, Sweden, Norway, Switzerland and Iceland, which is also the case for the
£ observed associations with performance.
2
L Another noteworthy finding concerns the performance within each country of students report-
v ing no mathematics homework compared to that for students reporting some homework. In most
=
g Figure 3.17 m Hours per week of total homework and mathematics performance
=
g Change in mathematics
o Mean score VVhCn accounting
-+ number of for other background,
3 hours Change in teaching and learning Score point difference
- per week  mathematics score characteristics per unit change in total homework
g New Zealand 4.5 18.5 (2.65) 12.1 (2.19)
2 Korea 3.5 15.4 (2.38) 11.8 (2.74)
< Thailand 6.9 16.9 (1.31) 11.0 (1.61)
£ Spain 7.4 15.0 (1.87) 10.7 (1.92)
© Poland 8.1 8.4 (1.18) 10.4 (1.32)
— Iceland 4.6 8.5 (2.81) 10.0 (2.98)
= Hong Kong-China 6.8 11.7 1.17) 9.8 (1.92)
~ Ireland 7.7 14.9 (1.38) 9.5 (1.32)
2 Norway 4.8 8.0 (2.26) 9.5 (2.43)
= United States 5.7 18.1 (1.89) 9.2 (2.04)
< Brazil 4.9 7.8 (1.58) 9.0 (2.08)
= Japan 3.8 10.0 (2.06) 8.7 (2.70)
3 Mexico 5.8 13.0 (1.07) 7.8 (1.57)
+ Belgium 6.2 5.5 (1.48) 7.5 (1.61)
[av)
£ Netherlands 5.7 2.4 (1.43) 7.1 (1.49)
v Luxembourg 6.1 1.0 (2.03) 6.8 (2.19)
+ Canada 5.6 9.4 (1.20) 6.6 (1.06)
= Australia 5.7 14.7 (1.38) 6.5 (1.53)
= Macao-China 7.8 13.0 (3.27) 6.5 (4.26)
o Switzerland 4.6 6.3 (2.49) 6.1 (2.97)
N Portugal 4.9 7.7 (2.02) 6.0 (2.15)
© Finland 3.7 -4.2 (2.44) 5.9 (2.91)
2 Greece 8.3 9.0 (1.29) 5.9 (1.04)
g Turkey 5.9 5.1 (1.46) 5.5 (2.07)
5 Sweden 3.9 4.6 2.71) 4.9 (2.44)
v Hungary  10.0 0.4 (0.94) 4.5 (1.12)
Y Czech Republic 3.8 -2.3 (1.80) 3.9 (1.84)
. Latvia 9.4 1.4 (1.30) 3.5 (1.35)
p Uruguay 6.8 47 (1.50) 2.8 (1.87)
el Russian Fed.  12.7 3.5 (1.00) 2.6 (0.88)
3 Germany 6.3 -4.5 (1.76) 2.0 (2.02) ]
A Austria 4.0 6.9 (2.23) 1.8 (3.02) =
v Tunisia 4.9 6.8 (1.68) 1.1 (2.05) |
< Serbia 5.3 3.1 (1.49) 1.1 (1.64) m
Italy 105 0.5 (0.77) 0.5 (0.92) 0
Slovak Republic 8.4 -1.9 (1.52) 0.5 (1.35) i
Denmark 54 -2.9 (2.83) 0.0 (2.91)
United Kingdom' 6.0 19.6 (1.72) 13.9 (1.70) e ——
-10 0 10 20

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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cases, the proportions of students reporting no mathematics homework were small. In virtually E
all countries, however, those reporting no homework performed at significantly higher levels than c
those reporting some homework. This result indicates that a small number of students can maintain £
high achievement in mathematics with no homework in that subject. Whether this is a matter of \g
underlying ability or the influence of favourable school characteristics or instructional organisation &
is not clear. S
"
Figure 318 m Hours per week of mathematics homework and mathematics performance g
=
Change in mathematics g
Mcan score VVhCn accounting o
number of for other background, - - - -+
hours Change in teaching and learning Score Pomt dlffere.nce per unit change "8
per week mathematics score characteristics in mathematics homework +
Macao-China  4.34 5.3 (2.07) 2.8 (3.27) = K
Tunisia ~ 2.76 5.2 (1.33) 1.5 (1.59) = o
Serbia  2.43 0.5 (1.23) 0.6 (1.55) n <
Thailand ~ 4.02 10.0 (0.93) 0.4 (1.17) ) c
Mexico 3.20 7.3 (0.74) -0.2 (1.26) 8
Greece  3.31 5.3 (1.24) -0.4 (1.19) i —
Uruguay ~ 2.83 0.7 (1.42) 1.2 (1.57) = 2
Russian Fed. 5.03 -1.8 (0.86) -1.4 (0.73) (= “
Slovak Republic ~ 3.16 5.5 (1.15) 1.6 (1.06) o 2
Australia  2.34 8.3 (1.42) 1.8 (1.26) = =
Japan  1.98 49 (1.45) 2.4 (1.80) == <
Hong Kong-China 3.08 7.2 (1.19) -2.8 (1.70) —] —
Italy  3.49 27 (1.22) 31 (1.13) 3
United States ~ 2.77 46 (119 3.2 (1.20) ©
Korea  1.76 8.0  (2.05) 3.6 (2.81) £
Turkey ~ 2.85 2.1 (1.35) 3.8 (1.85) v
Canada  2.81 1.2 (1.00) 3.8 (0.92) +
Latvia  3.68 6.0 (1.58) 4.1 (1.67) =
Belgium  2.23 -2.3 (1.42) -4.5 (1.52) .5
Hungary  3.29 -6.1 (1.15) -4.6 (1.21) =
Austria 1.75 -15.8 (2.35) -5.3 (2.60) .
Ireland  2.84 3.0 (1.64) 5.3 (1.61) o
Brazil  2.37 0.2 (1.52) 5.7 (1.87) 2
Portugal ~ 2.03 1.3 (1.77) 5.9 (2.09) 2
Spain  2.94 30 (1.65) 5.9  (1.84) 5
Denmark  2.59  -10.3 1.89) 63 (2.10) O
Gcrmany 2.59 -12.1 (1.49) -6.3 (1.78) &_J
Netherlands 1.87 -8.4 (1.62) -6.6 (1.78) -
Czech Republic  1.67  -11.9 (1.72) 73 (1.76) <
Poland  4.10 64  (0.92) 83  (0.97) o
New Zealand 1.73 1.2 (2.32) -8.7 (1.97) 3
Luxembourg  2.34 -12.5 (1.71) 9.2 (1.74) N
leeland 227 84 (228 -11.0 (231 v
Switzerland  1.85  -19.9 (2.38)  -14.6 (2.49) <
Norway — 1.83 93 1.91) 177 (2.69)
Finland 146  -18.5  (2.37)  -18.5 (2.42)
Sweden  1.28 258  (2.94)  -18.5 (2.46)
United KingdomT 2.04 3.1 (1.54) -10.3 (1.55)
220 -10 0 10

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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This finding, of course, does not account for the generally positive effects for total homework. Very
few students reported doing no weekly homework and for those that did the achievement results
were the opposite of those of students doing no mathematics homework. To the extent that these
results replicate across virtually all countries, it indicates a fundamental but complex pattern in
which higher-performing students do more homework generally but do less mathematics home-
work. This result may relate to the earlier point about mathematics being fundamentally a school
subject. It is possible that the most able students learn their mathematics mainly in school and hence

Figure 319 m Students being tutored in mathematics and mathematics performance

Change in mathematics

Percentage score when accounting
of students for other background, —
being Change in teaching and learning ) Score ot dvlfference
tutored mathematics score characteristics if student is being tutored

Slovak Republic 7 -2.0 (1.26) -1.3 (1.09) —_

Mexico 90 42 Q47 29 (239 —
Serbia 21 63 (1.0 33 (0.9
Luxembourg 16 -9.4 (1.15) -3.5 (1.15)
Korea 21 28 (088 35  (0.87)
Thailand 14 49 (101 3.9 (0.94)
Australia 13 -6.5 (1.03) -3.9 (0.92)
Portugal 26 -3.6 (0.85) -4.1 (0.81)
Poland 11 100 (1.22) 41 (0.92)
Latvia 12 99 (119 44 (0.94)
Hong Kong-China 16 -6.4 (1.04) -4.4 (0.88)
Hungary 14 92 (097) 4.8 (1.08)
Germany 15 -12.2 (0.85) -5.0 (0.86)
Spain 23 72 (0.88) 5.1 (0.81)
Canada 9 415 (0.87) 53 (0.76)
Netherlands 5 -10.0 (1.55) -5.4 (1.23)
Czech Republic 6 9.3 (1.22) -5.5 (1.21)
Austria 7 438 (1.28) .57 (LD
Belgium 4 410 (1.63) 57 (1.51)
Ialy 13 105 (1.02) -60  (0.87)
Switzerland 8 129 (171 61 (1.40)
Russian Fed. 15 -9.2 (1.23) -6.1 (1.04)
Greece 29 -6.0 (1.04) -6.5 (0.92)
Turkey 43 64 (1.68) 7.1 (1.60)
United States 9 -14.6 (1.16) 7.3 (1.10)
Iceland 11 -16.4 (1.55) 1.4 (1.31)
Ireland 16 104 (142 80 (117
Uruguay 20 -14.2 (1.57) -8.3 (1.43)
New Zealand 10 145 (1.76) 8.5 (1.65)
Denmark 2 187 (3.62) 92 (3.26)
Japan 4 9.4 (1.53) 9.7 (1.40)
Macao-China 10 -15.3 (2.83) -11.6 (2.59)
Finland 1 220 (384 119 (3.9
Brazil 21 157 1.25)  -12.3 (1.35)
Sweden 4 222 (2.56) -13.0 (173
Norway 3 258  (249) 144 (2.38)

United Kingdorn1 8 -8.3 (143) -6.6 (115) . .

-20 -10 0

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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have no need for homework, while less-well-performing students struggle more with mathematics,
generating a need for mathematics homework. This and other aspects of the cumulative nature of
mathematics learning would best be investigated using longitudinal studies, which follow student

learning behaviours and performance over several years.

It is interesting to note that in the majority of OECD countries there is very little correlation

between mathematics homework and self-efficacy in mathematics, although there are moderate

Figure 3.20 m Out-of-school classes and mathematics performance

Percentage Change in mathematics
of students score when accounting
taking out- for other background, - -
of-school Change in teaching and learnin Score p01r.1t difference
classes mathematics score characteristics per unit change in total homework
Turkey 59 3.0 (0.98) 0.6  (0.90)
Korea 37 37 (0.66) 03 (0.61)
Thailand 20 0.6 (0.96)  -03  (0.82) i
Tunisia 35 07  (0.58) 04  (0.47) g
Russian Fed. 15 -0.6 (1.07) -0.6 (0.99) (=
Spain 20 3.9 (095  -09  (0.85) =
Greece 42 -0.3 (0.71) -1.0 (0.57) O
Hong Kong-China 13 -0.6 (0.88) -1.0 (0.84) O
Brazil 26 39 (0.98) 11 (0.95) =
Czech Republic 4 -5.5 (1.97) -1.2 (1.59) —
Ireland 8 1.0 (1.92) 16 (143) —
Mexico 89 51 (0.97) 17 (0.95) =
Latvia 9 29 (1.84) 1.7 (1.35) =
Portugal 9 -3.4 (1.27) -2.0 (1.01) —
Canada 3 73 (1.68) 2.1 (1.24) —
Macao-China 9 -7.8 (2.23) 2.2 (1.99) —
Uruguay 12 74 (1.50) 22 (1.33) ==
Japan 13 -2.2 (1.17) -2.2 (1.02)
Hungary 16 -6.7 (0.73) 2.4 (0.87)
Slovak Republic 6 -3.7 (1.58) -2.7 (1.10)
Belgium 3 106 (1.63) 3.6 (1.59)
Denmark 4 -12.7 (2.45) -3.9 (2.16)
lceland 6 10.1 (2.26)  -43 (1.62)
Poland 9 59 (1.32) 4.3 (1.09)
Norway 2 -10.4 (2.81) -4.4 (2.29) —
Sweden 1 124 (422) 44 (3.08) —
Luxembourg 6 -9.0 (1.88) -4.7 (1.78)
Serbia 4 93 (2.02) 4.9 (1.77)
Switzerland 3 -8.3 (3.37) -5.1 (2.19)
Italy 2 93 (1.90) 5.6 (1.61)
Australia 3 -9.2 (1.89) -5.8 (1.49)
United States 4 -13.3 (2.49) -6.4 (2.07)
Germany 2 135 (2.67) 69  (1.99)
New Zealand 5 -17.3 (1.66) -8.6 (1.56)
Austria 1 134 (3.24) 91 (3.09)
Finland | 138 (5.35)  -12.9 (4.05)
United Kingdom' 9 0.7 (144 03  (1.23)

-20 -10 0

1. Response rate too low to ensure comparability. Note: Statistically significant score point

Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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positive correlations in Japan (0.25), Korea (0.20) and Australia (0.18). Similarly, there is no cor-
relation between mathematics homework and the number of books students have at home (which is
used as a proxy for students’ socio-economic background): on average across OECD countries the
correlation is 0.02. The presence or absence of these control variables in the model does not change
the overall pattern of mathematics homework effects.

Tutoring and out-of-school lessons

Students reported the number of hours they spend per week taking mathematics lessons outside school
and having tutoring in mathematics. In most countries, only a relatively small proportion of students
spend any time at all at either of these activities, so these variables are dichotomised to distinguish
between those exposed to these activities and those not exposed. The dichotomised variables are sum-
marised as the percentage of students in each country taking part in these activities. Results for the
two variables appear in Figures 3.19 and 3.20. In almost all cases, the effects are negative. In some
countries, the effects of having tutoring or taking part in out-of-class lessons are strongly negative.

Tutoring and other forms of out-of-school learning are similar to homework in that they are ways
to increase time spent in learning. All things being equal, the Carroll model would predict that
these activities should contribute to increased learning. While the results presented here seem to
run counter to the theoretical prediction, there are nevertheless two competing interpretations of

these results.

First, it is possible that those taking part in tutoring or out-of-school lessons tend to be low-achiev-
ing students and that this characteristic outweighs the extent to which extra learning converts low
achievement into high achievement for participating individuals. However, this is not to say that the
activities do not convey individual benefit — PISA simply did not measure this. Another possibility is
that the students taking part in these activities tend to be students whose parents have the means to
pay for extra tuition. More specifically, it might be argued that participants in tutoring and out-of-
school lessons are more likely to be low-achieving students of such parents. This finding raises the
issue of the mediating effects of students’ socio-economic background. However, on average across
the OECD countries there is no correlation between the measures of students’ socio-economic
background and students’ participation in tutoring and out-of-school lessons.” Having said this,
in Greece, Korea and Portugal there are weak positive correlations between the student socio-
economic background measures and students’ participation in tutoring (between 0.11 and 0.21)
and this is also the case for out-of-school lessons in Japan, Korea, Mexico and Turkey (between 0.11
and 0.21). These findings indicate that in these countries students coming from more advantaged
socio-economic backgrounds are more likely to take part in these activities.

In general, the OECD countries with lower average achievement tend to have greater proportions of
students participating in tutoring or out-of-school lessons: there is a strong negative cross-country
correlation between these measures and overall performance. (The one clear exception to this
finding is Korea, where performance is well above the OECD average and where 21% of students
participate in tutoring and 37% of students participate in out-of-school lessons). Combined with the
negative within-country correlations between these two measures and student performance, this
suggests that additional learning beyond regular school instruction is a way to compensate for the
limited quantity of schooling in some countries. The strong negative correlation across countries
between number of instructional hours per year and use of extra tuition supports this suggestion.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



There is no way to tell from these results if these activities have a marginal effect, which cannot
be detected from the overall picture presented here, or if the effects of tutoring and out-of-school
lessons are more positive for outcomes directly related to the curriculum than for more general
outcomes such as those measured by PISA. Indeed, it can plausibly be argued that these activities
are likely to specifically target narrower outcomes, such as school grades, than broader ones, such as
building students” competencies and self-confidence. More comprehensive studies of these phenom-
ena are clearly needed. However, some caution is required in interpreting these results, as it is not
possible to dismiss the possibility of students in some countries giving socially desirable responses
or interpreting the questions differently from the intended meaning.

Learning strategies

Learning strategies (sometimes referred to as meta-cognitive strategies) are generic approaches
that students use to address a learning task. In the Carroll model, such strategies are at least loosely
identified with ability to learn in the sense that it might be expected that students with effective
learning strategies would learn more quickly than other students. The Wang ez al. (1993) synthesis
identifies learning strategies as among the proximate factors that contribute to higher achievement.
However, this research is silent on whether some of these strategies are more effective than other
types of strategies. The three indices used in PISA to measure students’ use of learning strategies
are memorisation/rehearsal strategies, elaboration strategies and control strategies (see Chapter 2).

The effects for students’ use of memorisation/rehearsal strategies appear in Figure 3.21. These effects
are almost universally negative, suggesting that memorisation is an ineffective strategy for learning
mathematics and/or that weaker students have a greater tendency to use this strategy. It is interest-
ing to note, however, that the observed effects are only slightly more negative across countries and
have a wider overall range than the teaching and learning model effects. In general across the OECD,
countries with the largest positive observed effects have close to zero effects in the analytical model
and those with the largest negative observed effects tend to have the most negative effects in the ana-
lytical model.? Nevertheless, some countries, notably Norway, Sweden, Denmark, Australia, Japan,
Korea, Spain, Finland, Canada and the partner economy Tunisia show a substantial shift in the size
of the effect. This result implies that other measures analysed in the model mediate the effects that
the use of memorisation/rehearsal strategies has on performance in these countries. Interestingly,

however, there is no relationship between the size of the effect and achievement at the country level.

One might argue that the negative effects for the use of memorisation/rehearsal strategies are intui-
tively plausible and consistent with other research. However, much of the available research speaks
not to the negative effects of memorisation/rehearsal strategies but to the greater positive effects of
such techniques as developing and using problem-solving skills. Elaboration relates to problem solv-
ing and to the more general idea of attempting to establish meaning in the material one is attempt-
ing to learn. While it is common to interpret these strategies as more effective than memorisation
for learning mathematics (Grouws and Cebulla, 2000), the research covered in this review refers to
the teaching of meaning as a teaching strategy rather than as a student learning strategy.

The effects for students’ use of elaboration strategies appear in Figure 3.22. In the teaching and
learning analytical model the effects for elaboration strategies are mainly negative or near zero.
The strongest negative effects appear in New Zealand, Australia and Norway, where there are no
observed associations between the use of elaboration strategies and mathematics performance. The

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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positive observed association between students’ use of elaboration strategies and mathematics per-

formance in 26 countries, combined with the absence of countries where this strategy has a positive

effect in the teaching and learning analytical model, raises the question of whether other research,

particularly that based on less comprehensive models, is incorrect, or if other factors in the current

analytical model account for the shift.

Figure 3.21 m Memorisation/rehearsal strategies and mathematics performance

Change in
mathematics score
when accounting for

other background, — :
Mean Change in teaching and learning Score [promat difference per unit change
index mathematics score characteristics in total homework

Netherlands  -0.16 5.2 (1.61) 2.0 (1.25)
Sweden -0.08 14.4 (1.82) 0.7 (1.48)
Norway  -0.12 21.8 (1.55) 0.6 (1.75)
Tunisia  0.43 5.9 (0.92) 0.0 (1.21)
Uruguay  0.16 -1.6 (1.49) -0.8 (1.57)
Turkey  0.10 3.2 (1.47) -1.2 (1.76)
Japan  -0.56 7.2 (1.29) -1.9 (1.37)
Belgium  -0.09 -6.7 (1.35) -1.9 (1.17)
Luxembourg  -0.05 -7.6 (1.24) -2.5 (1.26)
Spain  0.07 6.8 (1.23) 2.6 (1.28)

Ireland  0.11 4.7 (1.65) -2.8 (1.75) |

Latvia -0.14 -1.3 (3.09) -3.5 (2.30) [

Brazil ~ 0.48 -7.3 (1.91) -4.0 (2.28) [m—
Canada  0.16 6.5 (0.97) -4.0 (1.07)
New Zealand  0.13 5.7 (1.48) -4.1 (1.56)
Russian Fed.  -0.04 -0.6 (1.27) -4.5 (1.62)
Denmark  -0.27 9.5 (1.80) -4.7 (1.63)
Mexico  0.56 1.4 (0.96) -4.8 (1.06)
Poland  0.15 -3.7 (1.87) -4.8 (1.58)
Finland -0.19 6.6 (1.48) -4.8 (1.27)
United States  0.31 3.1 (1.31) -5.0 (1.47)
Australia ~ 0.17 7.9 (1.17) -5.0 (1.32)
Iceland  -0.03 -0.5 (1.47) -5.1 (1.64)
Hungary  0.16 -6.2 (0.94) 5.4 (1.19)
Slovak Republic ~ 0.13 -6.7 (1.47) -5.8 (1.33)
Portugal  -0.11 -2.3 (1.71) -6.0 (1.72)
Italy  0.03 -5.5 (1.23) -6.1 (1.34)
Germany  -0.06 9.1 (1.16) -6.9 (1.12)
Czech Republic  -0.05 -5.7 (1.52) -6.9 (1.27)
Switzerland ~ -0.19 -11.1 (1.38) -7.1 (1.02)
Greece  0.20 -1.7 (1.91) -7.3 (1.91)
Austria  0.06 -11.3 (0.97) -8.2 (1.07)
Serbia  -0.05 -12.4 (1.53) -8.3 (1.62)
Hong Kong-China ~ -0.15 3.7 (1.51) -8.5 (1.58)
Korea -0.35 7.1 (1.24) 9.5 (1.64)
Thailand  0.47 -0.3 (1.66) -9.9 (2.57)
Macao-China  -0.03 -12.1 4.12) -10.1 (3.76)
United Kingdom' 0.1 10.3 (1.64) -1.0 (1.56)

1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010

-20 -10 0 10

Note: Statistically significant score point
differences are marked in a darker tone.



Before examining this point further, it is necessary to look at the results for students’ use of con- E
trol strategies to learn mathematics. While the use of elaboration strategies may be identified with =
effectiveness in learning, the use of control strategies may be thought of as indicators of efficiency, £
in the sense that the items used to measure this factor are linked to finding ways to focus on what \g
it is important to learn. &
kS
Figure 3.22 m Elaboration strategies and mathematics performance et
£
Change in =
mathematics score g
when accounting for
other background, - - S
Mean Change in teaching and learning $core p01r.1t difference -
index mathematics score characteristics per unit change in total homework 42
Tunisia  0.94 7.8 (0.91) 0.2 (1.48) <
Germany -0.31 4.6 (1.26) -0.3 (1.03) [ e
Austria  -0.27 3.1 (1.08) 0.7 (1.05) g 2
Czech Republic 0.13 12.6 (1.37) -0.8 (1.41) (= E
Thailand ~ 0.62 5.1 (1.55) 13 (2.00) = <
Latvia  0.13 6.3 (3.34) 1.6 (2.86) = 4
Mexico  0.85 2.4 (1.02) 17 (142 = =
Uruguay  0.36 3.7 (1.45) -1.7 (2.34) (= <
Serbia  0.41 2.5 (1.49) 2.1 (1.72) = >
Hungary -0.10 3.1 (1.16) -2.1 (1.14) [ =
Macao-China  0.04 14.6 (3.92) -2.2 (3.74) == =
Japan  -0.75 9.1 (1.07) 2.6 (1.35) = <
Netherlands ~ -0.25 5.9 (1.43) 2.8 (146 == o
Hong Kong-China ~ 0.00 14.8 (1.45) -2.8 (1.96) [ 43
Brazil  0.76 1.0 (1.38) 3.2 (1.95) == g
Slovak Republic ~ 0.38 4.5 (1.58) -3.4 (1.81) i =
Italy  0.04 5.7 (1.21) 37 (1.29) o -
Korea -0.39 17.7 (1.12) 3.9 (1.46) S >
Spain 0.09 11.4 (1.06) -4.3 (1.26) =
Greece  0.33 8.4 (1.32) 6.0 (1.65) v
Sweden -0.02 9.9 (2.03) -6.0 (1.67) N
Finland  -0.14 16.8 (1.34) 62 (1.39) o
Portugal ~ 0.16 10.6 (1.61) 63 (1.86) 2
Poland  0.25 7.4 (1.84) -6.5 (1.75) 9
Russian Fed.  0.14 4.1 (1.65) 6.7 (2.03) o
Switzerland  -0.06 0.1 (1.44) 6.9 (1.53) 3
Denmark ~ 0.07 10.7 (2.00) 7.2 (2.22) o
Belgium  -0.17 1.2 (1.36) 7.8 (1.36) .
Turkey — 0.44 43 (1.17) 8.0 (1.50) £
Canada  0.08 7.5 (1.01) 8.1 (1.00) 3
Luxembourg ~ -0.25 2.5 (1.14) 8.6 (1.35) i:’f
United States ~ 0.18 1.0 (1.25) 9.1 (1.57) s
Ireland  -0.14 -0.5 (1.73) 9.6 (1.47) v
Iceland  -0.06 0.4 (1.58) -10.2 (1.83) <
Norway -0.16 8.0 (147) 120 (1.70)
Australia  0.06 0.0 0.99) 161 (1.20)
New Zealand 0.13 2.9 (1.88) -16.6 (1.90)
United Kingdom' ~ 0.04 17 175 -15.1 (1.62) . .
220 -10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010 T 01



~.
v
V]
oy
[ao2
~
2
e
U
a.
%)
U
-+
[go2
V)
=
-+
[ava
0
-+
<
[V
+
[av2
[\V)
[a%
™m
oy
oy
~
o>
V)
—
vl
oy
a5
™m
joy
-
U
(g~
v
=
%)
U
-+
(a0
[\§)
-
-+
[av2
~
V)
=
-+
A
o]
n
oy
0o
-+
[aW
v
v
~
)
al
“n
-+
c
V)
el
>
+
w
v
~

102

The results for students’ use of control strategies appear in Figure 3.23. Here the picture is much more
mixed that for elaboration strategies. There is an observed positive association between students’ use
of control strategies and mathematics performance in 20 countries, but in the teaching and learning
analytical model, there are only small positive effects found in New Zealand, Portugal, Australia,
Canada, Korea, Turkey, Spain and in the partner economy Hong Kong-China. Further, there are
negative effects in Sweden, the Netherlands, Denmark, the Slovak Republic, the Czech Republic and
Belgium, as well as in the partner countries Latvia, the Russian Federation and Uruguay. The positive
and negative effects are quite consistent across countries (country level correlation 0.67).

These three indices strongly intercorrelate: correlations as high as 0.60 or more are common within
countries. In particular there are strong correlations between students’ use of control strategies and
students’ use of memorisation/rehearsal strategies, with correlations of at least 0.90 in 16 of the
OECD countries (Table B.1). Further factor analysis of the items making up these indices shows that,
while each of the three learning strategies can be clearly identified, students’ use of memorisation/
rehearsal strategies accounts for much more of the mathematics performance variance than the other
two learning strategies. However, the three measures of learning strategies are distinct and it is not
the case that all students respond to each of the items included in the measures in a similar way.9

One possible explanation for these results is that students’ use of learning strategies relates to their
sense of self-efficacy in mathematics. Both areas involve perceptions of mathematics learning. In
particular, if attempting to find meaning in mathematics is an effective learning strategy, students
who employ elaboration strategies “to a greater extent” might be expected to have a higher sense of
their self-efficacy in learning mathematics. In fact, all three learning strategies correlate positively
with self-efficacy in mathematics. The most consistent correlations are found between students’ use
of control strategies and student self-efficacy in mathematics, with correlations of at least 0.20 in 29
of the OECD countries, including correlations of 0.50 in Korea, 0.43 in Finland and Mexico and
0.40 in Turkey (see Annex B, Table B.1, Correlations among Selected Index Variables). There are
correlations of at least 0.20 in 22 of the OECD countries for students’ use of elaboration strategies
and in 18 of the OECD countries for students’ use of memorisation/rehearsal strategies. However,
in Austria, the Czech Republic, Germany and Switzerland there is no correlation between students’
use of memorisation/rehearsal strategies and students’ self-efficacy in mathematics. Accounting
for students’ self-efficacy in mathematics reduces the observed positive effects of using learning
strategies on mathematics performance, altering most of the positive values to negative ones (see
Annex C, Multilevel Model, Table C.5, Effect of Mathematics Achievement of Learning Strategies
Controlling for Self-Efficacy), a result which is consistent with the correlations in Table B.1.
Nevertheless, removing self-efficacy in mathematics from the teaching and learning analytical

model yielded almost no changes in the results.

Of course, this raises further questions concerning the links between the underlying constructs
of self-efficacy in mathematics and student learning strategies. Does greater use of learning strate-
gies contribute to the development of a sense of self-efficacy? To what extent do the joint effects of
learning strategies and self-efficacy in mathematics contribute to achievement? More importantly,
can teaching strategies influence students’ sense of self-efficacy in mathematics and use of learning
strategies in ways that can enhance achievement? Or are these attributes, especially self-efficacy in
mathematics, simply consequences of achievement or proxies for achievement? Models based on
survey data break down at this point because the direction of causality cannot clearly be delineated.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Co-operative and competitive learning situations “8
The indices measuring students’ reported preference for co-operative and competitive learning é
situations in mathematics were derived from student responses to items on whether they prefer 5
working with others or helping others, or whether they want to be the best or do better than \5
others. It is important to note that the co-operative learning construct used here as a student DU;
;é
Figure 3.23 m Control strategies and mathematics performance £
=
+
Change in mathematics g
score When accounting
for other background, - - - S
Mean Change in teaching and learning Score pon}t difference per unit change =
index mathematics score characteristics in total homework -E_
Hong Kong-China ~ -0.07 14.9 (1.45) 5.5 (1.31) <
New Zealand ~ -0.03 11.0 (1.46) 5.4 (1.61) o
Portugal ~ 0.14 12.3 (1.53) 4.8 (1.65) 2
Australia  0.01 12.4 (1.27) 44 (1.18) =
Canada  0.06 1.5 (1.05) 43 (1.13) ©
Korca -0.49 20.0 (1.16) 4.2 (1.85) -
Turkey ~ 0.26 8.9 (1.43) 3.8 (1.93) =
Spain  -0.02 1.5 (1.13) 3.8 (1.47) ~
Macao-China  0.07 4.5 (4.07) 3.8 (3.82) — =z
Thailand -0.03 6.1 (1.34) 3.6 (2.03) — =
Brazil  0.57 0.6 (1.59) 3.5 (1.94) — =
Tunisia  0.68 7.0 (1.02) 0.9 (1.34) =) o
Italy  0.21 2.0 (1.30) 0.9 (1.33) =) 7
Norway -0.26 14.5 (1.58) 0.3 (1.71) i} 43
Switzerland ~ 0.19 -3.0 (1.50) 0.1 (1.18) S
Greece  0.27 3.0 (1.41) 0.1 (1.71) g
Mexico  0.45 2.7 0.99) 0.2 (1.16) | +
Austria  0.52 3.6 1.06) 0.2 (1.17) | =
Serbia  0.50 4.1 (1.02) 03 (1.31) g =
Finland ~ -0.48 11.4 (1.36) 0.5 (1.50) q =
United States  0.01 5.5 (1.32) -0.6 (1.52) (= N
Germany  0.38 5.9 (1.23) 1.0 (1.39) = o
Luxembourg ~ 0.08 -4.6 (1.30) -1.3 (1.40) = &
leeland  0.00 44 (1.62) 1.4 (1.50) = 9
Poland -0.03 43 (1.88) 1.6 (1.58) == e
Ireland  -0.01 3.7 (1.48) 1.6 (1.49) S o
Belgium  -0.05 2.4 (1.19) 2.2 (1.05) — o
Japan  -0.54 7.4 (1.13) 23 (1.27) — .
Czech Republic  0.06 -0.9 (1.67) -2.8 (1.42) [ 42
Hungary ~ 0.06 47 (1.33) 3.1 (1.57) o
Slovak Republic ~ 0.07 -5.2 (1.49) -3.5 (1.40) 3
Uruguay  0.20 -0.7 (1.50) -4.2 (1.85) A
Denmark  -0.19 4.4 (2.17) 5.6 (1.84) v
Netherlands ~ -0.27 3.6 (1.95) -5.7 (1.29) <
Russian Fed.  -0.09 -2.0 (1.37) -6.5 (1.72)
Latvia  -0.26 6.1 (2.74) 77 (2.33)
Sweden  -0.40 0.2 (1.86) 8.4 (1.41)
United Kingdom' ~ -0.11 9.2 (1.74) 0.4 (1.97) !
10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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N

Ej preference is different from the construct of co-operative learning as a teaching strategy as used in
< the literature. In the literature it refers to specific ways of organising groups to facilitate learning
£ (Slavin, 1994). PISA does measure this construct as well, but it would be inappropriate to infer that
\g student preference for co-operative learning is a proxy for use of co-operative teaching strategies
& or a consequence of teaching through co-operative grouping. Nevertheless, this is not to imply that
¢
et Figure 3.24 m Preference for co-operative learning situations and mathematics performance
5
= Change in
g mathematics score
when accounting for
L2 other background,
o Mean Change in teaching and learning Score point difference
% index mathematics score characteristics per unit change in total homework
< Japan  -0.72 7.8 (1.19) 4.0 (1.11)
o Hungary -0.11 0.6 (1.43) 3.6 (1.53) E
2 Finland -0.15 3.0 (1.66) 3.1 (1.36)
E Switzerland  0.17 -4.0 (1.16) 2.3 (1.09)
o Netherlands  -0.13 1.1 (1.82) 1.9 (1.25) 1
— Norway  0.01 1.0 (1.56) 1.5 (1.20) 1
= Sweden  -0.22 43 (2.00) 1.5 (1.28) —
< Hong Kong-China  -0.04 12.9 (1.55) 1.4 (1.60) 1
2 Belgium  -0.05 4.3 (1.27) 1.1 (1.12) =
c Germany -0.01 0.7 (1.09) 1.1 (1.10) =]
& Brazil  0.65 33 (1.65) 0.6 (2.15) N
& Korea -0.77 213 (1.28) 0.3 (1.54) ]
o Portugal ~ 0.29 2.3 (1.87) 0.2 (1.60) )
;E, Spain  0.05 6.9 (1.18) 0.2 (1.33)
g Austria  -0.01 22 (1.09) 0.1 (0.84)
g Ireland  -0.10 2.9 (1.73) 0.0 (1.54)
et Russian Fed.  -0.07 4.7 (1.46) 0.0 (1.53)
>3 Serbia  0.27 5.1 1.28) 0.2 (1.28) i
= Czech Republic  -0.04 -5.6 (1.23) -0.4 (1.06) i
2 Italy  0.14 3.7 (1.01) -0.6 (1.01) O
> Turkey ~ 0.30 24 1.04) 07 (1.50) =
o Greece  0.20 0.5 (1.23) -0.7 (1.30) O
& Uruguay  0.39 -1.9 (1.34) -0.8 (1.32) O
9 Luxembourg  -0.17 5.2 (1.08) -1.0 (0.96) =
e Canada  0.14 5.0 1.01 1.0 (0.89) =
S Slovak Republic ~ 0.25  -11.3 149 13 (1.24) =
Y Thailand  0.31 4.8 (1.69) -1.7 (2.12) —_
. Poland 0.1 5.0 (1.65 1.7 (1.31) —
< Latvia -0.13 5.3 (2.44) 1.7 (2.03) ==
% United States ~ 0.27 3.8 A17) 24 (1.10)
> Mexico  0.21 -1.1 (1.03) -3.0 (1.04)
s Macao-China  0.11 5.3 (3.93) -3.0 (3.58)
v Denmark ~ 0.23 4.0 (172) 34 (1.54)
< New Zealand  0.16 5.4 (1.62) 37 (1.45)
Iceland  -0.30 -1.4 (1.43) -3.7 (1.34)
Australia  0.10 -2.5 (1.30) -3.9 (1.13)
Tunisia 0.6 3.6 1.00) 4.2 (1.14)
United Kingdom! ~ 0.16 14 1.50)  -1.4 (1.15) .
-10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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schools or teachers cannot encourage either a co-operative or a competitive learning environment “8‘
in their classrooms. =
£
The PISA results show that in several countries these two learning situations are not mutually exclusive, 0
that is, students preferring competitive learning situations often tend also to enjoy co-operating with g
S
Figure 3.25 m Preference for competitive learning situations and mathematics performance =
5
Change in 12
mathematics score s
when accounting for o
other background, o -+~
Mean Change in teaching and learning Score point difference o
index mathematics score characteristics per unit change in total homework +
Denmark  -0.04 223 (1.65) 47 (1.92) — E
Russian Fed.  -0.03 133 (1.45) 3.8 (1.97) ) =
Greece  0.28 1.8 (1.41) 2.5 (1.78) ] <
Korea -0.05 22.1 (1.10) 2.1 (1.55) = c
Mexico  0.68 6.0  (1.28) 2.0 (1.68) — ©
Slovak Republic ~ 0.08 9.1 (1.36) 2.0 (1.22) — —
Tunisia  0.99 8.9 (1.18) 2.0 (1.62) — 2
Turkey  0.65 10.9 (1.27) 1.7 (1.73) — ;
Czech Republic  -0.10 12.5 (1.34) 1.4 (1.24) 1 c
Austria  -0.31 0.5 (1.03) 1.3 (1.05) — %
Sweden  -0.06 165  (1.89) 1.2 (1.55) - <
Australia  0.31 12.5 (1.26) 1.1 (1.61) — ~
Poland 0.09 12.3 (1.91) 1.1 (1.50) 4 O
United States  0.41 8.4 (1.33) 0.8 (1.43) =) g
Macao-China  0.02 9.0 (4.32) 0.6 (4.43) 0 g
Spain  0.03 1.5 (1.08) 0.4 (1.21) h v
Latvia -0.10 13.2 (2.23) 0.2 (2.48) | o
Luxembourg ~ -0.01 1.0 (1.24) 0.0 (1.29) =
Germany  -0.03 5.9 (1.22) -0.1 (1.12) .5
Finland  -0.32 197 (1.34) 0.1 (1.32) <
Iceland  0.26 14.0 (1.69) 0.2 (1.59) [ N
Ireland  0.08 5.6 (1.79) -0.3 (1.40) f ©
Thailand ~ 0.31 2.7 (1.79) 0.3 (2.18) [ o
Japan  -0.47 97  (0.94) 0.7 (1.17) O 2
Serbia  -0.18 2.4 (1.38) 0.7 (1.65) = o
Hungary -0.45 6.7 (1.30) -0.8 (1.29) O Y
Italy  0.09 5.7 (1.39) 1.1 (1.26) O K
Brazil  0.38 3.5 (1.87) 1.6 (1.77) == .
Portugal ~ -0.08 54 (1.29) 1.9 (1.44) — +
Canada  0.19 12.1 (0.93) 2.1 (0.86) — 9
Norway ~ -0.31 18.5 (1.44) 2.5 (1.47) . E
Netherlands  -0.45 2.8 (1.75) 2.6 (1.62) [ N
Uruguay -0.10 -1.0 (1.73) 2.9 (1.61) [ g
Belgium  -0.29 03 (1.18) 3.0 (115) <
Switzerland  -0.35 3.1 (1.84) 4.0 (1.89)
New Zealand 0.15 6.9 (1.82) -5.1 (1.60)
Hong Kong-China  0.10 13.1 (1.47) -6.9 (1.59)
United Kingdom' 018 57 (1.90) 3.0 (1.58) .
-10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010 1 O 5



~.
v
V]
oy
[ao2
~
2
e
U
a.
%)
U
-+
[go2
V)
=
-+
[ava
0
-+
<
[V
+
[av2
[\V)
[a%
™m
oy
oy
~
o>
V)
—
vl
oy
a5
™m
joy
-
U
(g~
v
=
%)
U
-+
(a0
[\§)
-
-+
[av2
~
V)
=
-+
A
o]
n
oy
0o
-+
[aW
v
v
~
)
al
“n
-+
oy
V)
el
>
+
w
v
~

106

other students in their learning. Students reported agreement or disagreement with a set of 10 different
statements about situations in which to learn mathematics, so that students could report, for example,
that they like to work with others while also reporting that they want to be the best in the class. Indeed,
the almost universally positive correlations between these two indices show that students often report a
preference for both learning situations (Table B.1). There are strong positive latent correlations between
student preferences for competitive and co-operative learning situations in the OECD countries Korea
(0.84), Mexico (0.70) and Turkey (0.62). However, in several countries there is weak or no correlation
between the two learning situations: in Finland (-0.01) and in the partner countries the Slovak Republic
(-0.02) and the Czech Republic (0.08). It cannot be determined from the results if this is a function of
response bias or of some characteristics of students or schools in these countries.

Student preferences for learning situations are not strongly associated with mathematics performance
when considered in the wider context of teaching and learning (Figures 3.24 and 3.25). The effects are
non-significant in most countries and inconsistent in direction even in those countries where they are
significant. The observed effects for co-operative learning follow a similar pattern to the analytical model
effects. Even in the minority of countries where there are strong observed effects, these become insig-
nificant once other contextual and teaching and learning factors are accounted for (for example, there are
positive observed effects in Korea and the partner economy Hong Kong-China, and a negative observed
effect in the Slovak Republic). The situation for competitive learning is somewhat different: fairly large
positive observed effects are attenuated in the teaching and learning analytical model. Similarly as for
student learning strategies, removing the measure of self-efficacy in mathematics from the teaching and
learning analytical model does not change the results in any significant way. Again, note that these are
measured as student factors. It is plausible to argue that dispositions towards either competitive or co-
operative learning may themselves be learned or may be characteristics of schools; however, the inclusion

of these factors in the teaching and learning analytical model at the school level yields no effect.

TEACHING STRATEGIES

Although PISA did not directly survey teachers, a limited number of measures of teaching strategies
were collected via the student and school questionnaires. This report presents information provided by
school principals on innovation, teacher expectations, streaming and assessment in Chapter 2. However,
these measures are not included in the teaching and learning analytical model, since they either have
low correlations with achievement or only show small effects in early versions of the multi-level model.

The main teaching strategy measures from the student questionnaire are the indices of student-
teacher relations, disciplinary climate and teacher support. All of these derive from a series of items in
which students were asked to indicate how frequently specified behaviours occur in their mathemat-

ics classes (see Chapter 2).

Two additional school-level measures are included in the analytical model as controls. These are
school size (total students enrolled) and the socio-economic composition of the school (parents’
highest occupational level aggregated to the school). School size shows a moderate correlation with
achievement in many countries. The socio-economic composition of the school is highly correlated

with achievement in almost all countries.

It is important to point out that, although students may influence the climate of a classroom, teaching
strategies are fundamentally characteristic of teachers or classrooms and not of individual students.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Students’ perceptions of the classroom climate are the basis of the indices analysed. It would therefore
be appropriate to examine these indices at both the student and classroom levels. However, because
classrooms within a school are not identifiable in the PISA data, the classroom cannot function as a
level of analysis in the model. Therefore the analysis aggregated the indices to the school level for
modelling purposes. This procedure is defensible as long as differences between classrooms within
a school are small. Unfortunately, the PISA analysis has no measure of the extent of such differences
and no indication of the number of different teachers who are represented in the student responses.
This lack of refinement is likely to be one of the reasons why many of the reported effects are small.

Disciplinary climate

As indicated in Chapter 2, disciplinary climate is an index derived from student responses to items
about noise and disruption in the classroom, lost time and student behaviour towards the teacher.

Figure 3.26 shows the effects of disciplinary climate at the student level. There is substantial varia-
tion in average disciplinary climate across countries, amounting to close to one standard deviation
unit between the highest-rated countries, Japan and the partner country the Russian Federation, to
the lowest, the partner country Brazil. A stronger disciplinary climate is positively associated with
mathematics performance in all countries. The observed effects and the analytical model effects are
of similar magnitudes and are highly correlated, indicating that the impact that disciplinary climate
has on performance is largely independent of other contextual and teaching and learning factors

analysed in the model.

As already noted, disciplinary climate is more appropriately measured at the classroom level than at
the student level. In the absence of a classroom-level identifier, aggregation to the school level has
been carried out. Indeed, an argument can be made that classroom disciplinary climate is a compo-
nent of the broader school climate, although more directly under teacher control than other school
climate factors, hence its identification as a teaching strategy.1o

The effects of school average disciplinary climate appear in Figure 3.27. The pattern of school-
level means for each country is essentially the same as that at the student level. There is a positive
observed association between disciplinary climate and mathematics performance in all countries,
but this ranges from effects of 40 score points or more in Luxembourg, Turkey, Japan and the
partner economies Hong Kong-China and Macao-China to less than 10 score points in Poland,
Finland, Ireland, Iceland and the partner country Latvia. The effects from the teaching and learn-
ing analytical model follow a similar pattern, remaining significantly positive in all countries except
Finland, Ireland, Iceland, Poland and the partner country Thailand. Turkey, Belgium, Japan, Korea
and Portugal and the partner economy Hong Kong-China have the strongest positive association
between school average disciplinary climate and mathematics performance.

These results indicate that disciplinary climate is one of the most robust predictors of achievement
studied in the PISA 2003 survey. The existence of much larger school-level effects than student-level
effects in many countries shows the importance of examining the effects of disciplinary climate at
the school level, and that averaging student responses over schools yields a separate strong predictor
of achievement. In Korea, the Netherlands, Greece, Denmark and Norway the school average disci-
plinary climate has positive effects, but disciplinary climate at the student level shows no association

with performance in the analytical model. Overall, the effects of school average disciplinary climate

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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are twice as strong as those effects at the student level in 19 countries. The country-level correlation

of the mean value for school average disciplinary climate and the size of the effect in the teaching

and learning analytical model is close to zero. This finding suggests that the observed effect within

a country is a function of the relative values of disciplinary climate within the country rather than

of the average position of the country on the international scale.

Figure 3.26 m Disciplinary climate and mathematics performance

Change in

mathematics score
when accounting for
other background,

Mean Change in teaching and learning
index mathematics score characteristics

Thailand ~ 0.00 19.2 (1.50) 13.0 (1.52)
Macao-China  0.09 15.4 (4.12) 11.4 (3.38)
United States  0.12 20.6 (1.23) 9.6 (1.28)
Latvia  0.30 15.2 (2.48) 9.0 (1.75)
Portugal  0.01 15.2 (1.64) 8.9 (1.43)
Switzerland ~ 0.10 11.0 (2.13) 8.8 (2.10)
Russian Fed. 0.49 14.7 (1.56) 8.7 (1.48)
Ireland  0.27 15.8 (1.52) 8.6 (1.35)
Spain  -0.04 13.1 (1.34) 8.6 (1.08)
Turkey -0.12 13.5 (1.71) 8.5 (1.55)
Belgium  0.04 10.8 (0.90) 74 (0.91)
Canada  0.02 14.3 (0.93) 6.9 (0.83)
New Zealand  -0.17 14.7 (1.61) 6.6 (1.23)
Australia  -0.01 16.0 (0.89) 6.4 (0.85)
Poland  0.10 15.0 (1.38) 6.1 (1.23)
Tunisia -0.08 7.1 (1.23) 6.0 (1.29)
Serbia  -0.09 10.3 (1.52) 6.0 (1.62)
Luxembourg ~ -0.21 74 (1.23) 5.3 (1.07)
Mexico  0.00 10.5 (1.32) 5.1 (1.27)
Austria  0.21 6.9 (1.31) 5.1 (1.17)
Czech Republic  -0.01 6.2 (1.05) 4.6 (1.01)
Brazil -0.35 10.4 (1.90) 4.4 (1.78)
Iceland  -0.15 13.1 (1.76) 4.4 (1.75)
Japan  0.44 5.3 (1.84) 43 (1.45)
Germany  0.30 7.5 (1.16) 4.2 (1.04)
Hong Kong-China ~ 0.15 10.7 (1.33) 4.1 (1.34)
Finland -0.15 10.3 (1.42) 3.8 (1.30)
Uruguay -0.03 74 (1.82) 3.7 (1.59)
Sweden  -0.05 13.2 (1.81) 3.5 (1.18)
Slovak Republic  -0.10 5.1 (1.34) 3.3 (1.09)
Italy  -0.10 4.6 (1.12) 3.3 (1.06)
Norway  -0.24 11.4 (1.84) 3.1 (1.71)
Hungary  0.17 3.1 (1.11) 2.9 (1.16)
Netherlands  -0.13 4.3 (1.68) 2.6 (1.47)
Denmark -0.08 6.8 (1.97) 2.4 (1.49)
Greece -0.22 5.3 (1.56) 1.5 (1.32)
Korea  0.12 1.7 (1.38) 0.9 (1.11)
United KingdornT -0.01 20.0 (1.10) 9.2 (1.03)

1. Response rate too low to ensure comparability.
Source: OECD PISA 2003 Database.
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Student-teacher relations “8
The PISA index of student-teacher relations is derived from student responses to items on how well é
students get along with teachers, how interested teachers are in students’ work and whether teach- s
ers treat students fairly. The results for this index appear in Figure 3.28. Like disciplinary climate, the k'q:}
means for student-teacher relations vary by close to one standard deviation unit between countries, with DU;
U
Figure 3.27 m School average disciplinary climate and mathematics performance *3
£
v
Change in =<
mathematics score )
when accounting for =
other background, S
Mean Change in teaching and learning Score POiI}t difference -~
index mathematics score characteristics per unit change in total homework L
Hong Kong-China ~ 0.16 77.2 1.28) 350  (1.62) -
Turkey -0.10 453 (1.50) 249 (2.14) o
Belgium  0.02 38.9 (3.48) 22,0 (1.25) 4
Japan  0.43 42.1 0.89) 216 (0.98) =
Korea  0.11 37.1 (3.69) 19.4 (3.60) =
Portugal ~ -0.01 36.5 (1.03) 18.0 (1.41) 9
Serbia  -0.09 33.7 (0.68) 17.2 (1.06) o
Brazil -0.36 35.1 (3.97) 149 (2.65) =
Netherlands  -0.13 19.3 (7.38) 14.8 4.21) =4
Macao-China  0.07 45.0 (3.93) 14.6 (5.46) =
Uruguay -0.05 33.9 (1.07) 14.3 (1.23) Y
Luxembourg -0.20 60.3 (2.32) 13.9 (2.98) g
Tunisia -0.08 20.3 (0.66) 13.3 (0.81) 8
Germany  0.30 257 (2.40) 12.8 (1.55) =
Mexico  0.04 23.8 (0.98) 12.5 (0.78) g
Switzerland ~ 0.11 19.8 (1.00) 9.9 (1.17) v
Austria  0.21 24.2 (1.97) 9.5 (1.47) =
Russian Fed.  0.53 17.5 (1.12) 9.4 (1.57) s
Czech Republic  0.00 18.6 (2.26) 8.8 (1.74) =
Hungary  0.13 18.0 (1.60) 8.0 (1.25) o
Slovak Republic ~ -0.11 19.5 (0.75) 7.9 (0.85) N
Italy  -0.12 22.3 (0.49) 7.2 (0.63) o
United States ~ 0.12 27.9 (0.95) 6.7 (0.98) a
Greece -0.27 2.6 (2.60) 6.4 (2.46) o
Australia  -0.05 29.5 (0.59) 54 (0.97) s
Denmark -0.07 15.9 (1.60) 5.1 (1.41) et
Spain  -0.02 15.0 (0.80) 5.1 (0.84) o
Canada  0.03 14.8 (0.97) 4.8 (0.83) .
Norway —-0.22 13.1 (1.62) 4.7 (1.38) s
Sweden -0.04 15.3 (2.00) 4.3 (1.60) 5]
Latvia  0.32 7.0 (0.92) 4.1 (1.22) =
New Zealand  -0.15 20.7 (1.38) 3.1 (1.50) =
Poland  0.14 3.1 (1.55) 1.6 (136) v
Iceland  -0.06 6.7 (1.80) 1.2 (1.83)  § <
Thailand ~ 0.00 16.1 (1.06) 0.4 (1.20)
Ireland  0.26 5.7 (0.92) 0.2 (1.16)
Finland  -0.11 3.4 (1.29) 0.2 (1.02)
United Kingdom1 0.10 22.6 (1.76) 5.2 (1.15) -
0 10 20 30 40 50 60 70 80
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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students in Mexico and the partner countries Brazil, Thailand and Tunisia reporting the most posi-

tive perceptions of student-teacher relations and students in Japan and Luxembourg the most nega-
tive. Within each OECD country there are weak positive correlations between students’ reports on

disciplinary climate and student-teacher relations, thus indicating that many students who see their

teachers as helpful and fair also tend to report a more positive classroom disciplinary climate.

Figure 3.28 m Student-teacher relations and mathematics performance

Change in

mathematics score

when accounting for

other background,

Mean Change in teaching and learning
index mathematics score characteristics

New Zealand  0.11 15.4 (1.72) 6.5 (1.57)
Australia  0.21 13.4 (1.02) 6.2 (0.89)
Norway -0.09 16.1 (1.61) 6.0 (1.50)
Sweden  0.21 14.8 (1.37) 5.6 (1.37)
Denmark  0.27 8.0 (1.65) 4.5 (1.63)
Ireland  -0.01 4.5 (1.70) 2.7 (1.31)
Hong Kong-China ~ 0.06 6.7 (1.41) 2.6 (1.34)
Macao-China  -0.09 4.0 (3.81) 2.5 (3.51)
Canada  0.22 9.3 (1.05) 2.2 (0.86)
Iceland  0.02 11.7 (1.43) 2.0 (1.44)
Japan  -0.41 3.0 (1.52) 1.8 (1.61)
Luxembourg  -0.39 0.3 (1.33) 1.8 (1.33)
United States ~ 0.20 10.0 (1.41) 1.4 (1.27)
Korea -0.08 6.2 (1.22) 1.2 (1.36)
Netherlands  -0.07 3.0 (1.83) 1.1 (1.53)
Germany  -0.03 0.4 (1.06) 0.7 (1.10)
Finland -0.03 8.9 (1.37) 0.3 (1.37)
Belgium  -0.05 -1.1 (1.11) -0.3 (0.98)
Austria  0.04 0.3 (1.29) -0.5 (1.22)
Czech Republic  -0.18 -1.4 (1.27) -1.6 (1.24)
Switzerland ~ 0.32 0.0 (1.81) -1.6 (1.31)
Hungary -0.12 -3.8 (1.19) -1.9 (1.42)
Portugal ~ 0.24 -0.5 (1.42) -2.5 (1.43)
Spain  -0.13 1.1 (1.30) -2.6 (1.23)
Brazil  0.59 4.6 (134 26 (1.49)
Italy -0.29 -5.1 (1.06) 2.9 (1.28)
Greece -0.10 -2.7 (1.69) -4.3 (1.79)
Latvia  0.02 0.8 (2.05) -4.3 (1.75)
Russian Fed.  -0.01 -4.7 (1.35) -5.2 (1.41)
Poland -0.29 1.4 (1.80) -5.3 (1.70)
Mexico  0.54 -3.1 (1.29) -5.6 (1.33)
Slovak Republic ~ -0.25 -9.6 (1.42) -5.8 (1.31)
Uruguay  0.27 -6.7 (1.27) -6.1 (1.48)
Turkey  0.18 -2.3 (1.46) -6.4 (1.43)
Tunisia ~ 0.35 -4.3 (0.85) 7.2 (0.96)
Thailand ~ 0.55 -4.8 (1.34) 9.1 (1.35)
Serbia  -0.09  -11.8 (1.35) 93 (1.44)
United Kingdom' ~ 0.08 14.2 (1.46) 6.5 (1.42)

1. Response rate too low to ensure comparability.

Source: OECD PISA 2003 Database.
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Despite this, the effects of student-teacher relations on achievement are quite different from those
of disciplinary climate in the majority of countries, although they are similar in Australia, New
Zealand, Sweden, the United Kingdom and the partner economy Hong Kong-China. In 12 of the 25
countries where the observed association between student-teacher relations and mathematics per-
formance is positive, it becomes negative when other contextual and teaching and learning factors

Figure 3.29 m Teacher support and mathematics performance

Change in
mathematics score
when accounting for

other background, —
Mean Change in teaching and learning Score point difference
index mathematics score characteristics per unit change in total homework
Thailand ~ 0.67 5.3 (1.28) 4.4 (1.31) j—
Greece -0.06 0.5 (1.70) 1.0 (1.79) =
Turkey — 0.41 2.0 (1.40) 0.6 (1.17) g
Korea -0.22 3.8 (1.42) 0.2 (1.52) |
Hong Kong-China ~ 0.03 8.1 (1.63) -0.9 (1.40) O
Iceland  0.20 9.7 (1.87) -0.9 (1.83) O
Netherlands  -0.27 1.0 (1.33) -1.3 (1.35) —
Russian Fed.  0.26 3.5 (1.46) -1.9 (1.32) —_
Mexico  0.48 0.1 (1.02) 2.0 (1.11) —
Tunisia ~ 0.24 -0.1 (1.17) 2.1 (1.51) —
Hungary -0.08 0.0 (1.21) -2.2 (1.16) —_
Australia ~ 0.25 7.4 (1.24) 2.9 (1.02)
Austria  -0.39 -0.9 (1.46) -3.0 (1.25)
United States  0.34 6.7 (1.31) -3.2 (1.14)
Denmark  0.14 6.6 (2.00) -3.2 (1.54)
Japan  -0.34 1.7 (1.77) -3.3 (1.76)
Germany -0.29 0.5 (1.13) -3.7 (0.92)
Serbia  -0.17 -8.2 (1.22) -4.0 (1.46)
Switzerland  0.01 -1.6 (1.88) -4.4 (1.49)
Brazil  0.56 5.8 (142 47 (1.63)
Luxembourg -0.30 -2.8 (1.13) -4.8 (1.03)
Belgium  -0.11 -2.2 (0.92) -5.0 (1.07)
Portugal ~ 0.27 -0.9 (1.75) -5.0 (1.31)
Poland -0.18 -0.8 (1.58) -5.1 (1.32)
Canada  0.27 6.3 (1.02) -5.2 (0.86)
Czech Republic  -0.16 -1.6 (1.44) -5.2 (1.24)
Uruguay  0.32 -4.8 (1.55) -5.3 (1.40)
Spain  -0.07 -0.8 (1.46) -5.3 (1.32)
Italy -0.12 -2.6 (1.07) -5.5 (1.12)
New Zealand  0.16 4.4 (1.40) -5.8 (1.30)
Norway -0.11 13.7 (1.90) -6.1 (1.80)
Slovak Republic  -0.10 -6.8 (1.13) -6.3 (1.17)
Latvia  0.05 0.3 (2.11) -6.6 (1.80)
Finland ~ 0.08 4.9 (1.78) 7.4 (1.44)
Sweden  0.20 3.1 (1.84) -7.5 (1.67)
Ireland  0.00 -1.7 (1.67) =77 (1.47)
Macao-China  -0.05 -3.6 (4.41) -8.5 (4.03)
United Kingdom' ~ 0.18 7.4 (1.31) -4.3 (1.36)
-10 0 10
1. Response rate too low to ensure comparability. Note: Statistically significant score point
Source: OECD PISA 2003 Database. differences are marked in a darker tone.
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are taken into account. However, once other contextual and teaching and learning factors have been
accounted for there is a positive association between student-teacher relations and mathematics per-
formance in the United Kingdom, New Zealand, Australia, Norway, Sweden, Denmark, Ireland,
Canada and the partner economy Hong Kong-China (Figure 3.28).

It is worth noting that student-teacher relations were analysed at the school level in earlier models.
Student reports on student-teacher relations generally showed no effect when aggregated to the
school level, indicating that such perceptions are more student-specific than school-specific, unlike

student reports on disciplinary climate.

Teacher support

Teacher support covers areas similar to student-teacher relations. The basis of the teacher support
index are questions on: students’ perceptions of their teachers, including items on teacher interest in
students, whether the teacher helps students with learning and allows students to express opinions.
Indeed, this variable has a correlation of 0.78 with student-teacher relations across OECD countries
and there are correlations of at least 0.40 at the student level in 26 of the OECD countries. It would
therefore be expected that this measure would not yield significant effects in the teaching and learn-
ing analytical model, which controls for teacher-student relations among other factors. Nevertheless,
as Figure 3.29 indicates, there are negative effects for teacher support in 27 countries, including in
the OECD countries where there are positive effects for student-teacher relations in the teaching and
learning analytical model. This result is in stark contrast to the observed associations between teacher
support and mathematics performance: they are negative in only the Slovak Republic, Luxembourg,
Italy and Belgium as well as in the partner countries Serbia, Brazil and Uruguay. In fact, observed

positive associations between teacher support and mathematics performance occur in 13 countries.

Aggregating the measure of teacher support to the school level in earlier versions of the teaching

and learning analytical model yielded few significant effects.

The results for teacher support suggest the possibility that in some countries teachers give higher
levels of support to the lowest-achieving students, a finding that makes sense if teachers are concerned
to address the problems of such students. The shift from positive observed effects to negative effects
in the analytical model in Norway, Australia, the United States, Denmark, Canada, Finland and
New Zealand indicates that teacher support is mediated by some of the other factors included in the
analytical model. As in other cases, the key mediator seems to be self-efficacy in mathematics. The
correlations between self-efficacy in mathematics and teacher support are generally small but positive
(correlations are at least 0.20 only in Canada, Iceland, Mexico, Norway, the United Kingdom and the
United States). Adding a control for self-efficacy in mathematics to the student-level bivariate model
effectively changes most positive effects into negative ones. However, removing self-efficacy in math-
ematics from the teaching and learning analytical model results in almost no change in the effects. The
implication of this is that much of the positive value of teacher support is a function of its joint effects
with other factors, especially those that relate to self-efficacy in mathematics.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Other variables

A variety of other school-level factors and student factors aggregated to the school level enter into
the analytical model throughout its preliminary stages of development. In particular, the analysis
incorporated several time-related variables, including total instructional time and mathematics instruc-
tional time, and measures of teacher innovation, expectations, streaming and assessment. In no cases
did these contribute significantly to the predictive power of the analytical model." From an ana-
lytical standpoint, therefore, it seems clear that maximum predictive power has been drawn from
the teaching and learning analytical model. Nevertheless, even though the overall predictive power
of the model is strong, especially in accounting for school-level variance, only a few of the factors
analysed are major contributors to the prediction.

This chapter has examined the contributions of student learning strategies and teaching strategies to
mathematics achievement, especially those factors connected with the way in which students approach
the learning of mathematics. Rather than emphasising variations among countries, the focus has been
on factors that are of universal value. Many such factors appear in the literature. These include use of
time, attitudes and dispositions and student use of learning strategies or generic approaches to learning,

This report uses an analytical model which treats factors such as students’ socio-economic back-
ground and perceptions of school as antecedents to teaching and learning. The results reported for
the teaching and learning factors analysed are therefore their unique effects after removing any
joint effects of the other contextual and teaching and learning factors included in the analytical
model. This type of analytical model has the advantage of being more closely representative of the
real world of schools and classrooms, in which all of the antecedent factors may be considered as
preconditions on learning. The disadvantage of this analytical model is that, in some cases, there is
ambiguity as to what constitutes an antecedent, or indeed an outcome, and that some factors ana-
lysed in the model may mediate the effects of the main teaching and learning strategies.

In addition to looking at the observed association between various factors and performance, and at
the unique effects of each factor when other factors have been accounted for, it is important to con-
sider the interaction between the different factors discussed in this chapter. A good example here is
the relationship between self-efficacy in mathematics (students’ rating of their own effectiveness as
learners), learning strategies and mathematics performance. In the analytical model, adjusting for
self-efficacy in mathematics in many cases turned the positive observed effect of adopting a learning
strategy into a negative effect. What can be inferred from this change depends on the nature of the

causality in the interaction between these three factors.

HIGHLIGHTS OF THE ANALYTICAL RESULTS

There are links between a sense of self-efficacy and use of learning strategies. If students’ views of their math-
ematics abilities are simply based on how well they do in mathematics (high performance causes
self-efficacy), the main effect of adjusting for self-efficacy as a variable may be to mask some of the
benefits (in terms of improved performance) of adopting effective learning strategies. In this case,
an emphasis on the development of learning strategies such as elaborating and controlling one’s
learning should contribute to achievement more than is implied by their unique effects alone. If, on
the other hand, self-efficacy is a factor that helps contribute to performance and effective learning
strategies tend to follow from a belief in one’s efficacy in tackling mathematics problems, then the
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emphasis in schools should be on building students’ belief in their own effectiveness. While evi-
dence from PISA cannot distinguish between these two interpretations of the analytical results, the
strength of the relationship between self-efficacy and learning strategies suggests that both are valid,
and that building up student confidence needs to go hand in hand with enabling them to develop
strategies for effective learning.

A strong sense of one’s own ability to learn mathematics is of key importance. Students’ self-concept in
mathematics and self-efficacy in mathematics yield strong positive effects in all OECD countries
where these factors are not overridden by students’ socio-economic background, perceptions of
school, motivation to learn or other factors. A strong sense of confidence in one’s own abilities in
mathematics as well as a strong sense of efficacy in overcoming difficulties in learning tasks are
both strongly associated with mathematical competencies. Pronounced effects occur particularly
in Australia, New Zealand, Sweden and the United States. It is important to reiterate here that no
causal effect can be inferred from the relationship between self-concept and self-efficacy on the one
hand and mathematics performance on the other. It is just as plausible to infer that high performance

yields high self-concept or self-efficacy as to infer the reverse relationship.

The time students invest in study in addition to their lessons is important, but mathematics learning is mainly
school-based. In 25 of the OECD countries, the effect of hours per week of total homework on math-
ematics performance remains positive and these effects are relatively stable compared to the observed
associations with performance; conversely, hours per week of mathematics homework showed nega-
tive effects in 21 of the OECD countries. (There is, however, evidence that doing some mathematics
homework is better than doing none at all for the majority of OECD countries: the small proportion of
students who reported doing no mathematics homework at all had lower mathematics performance in
23 of the OECD countries compared to students who reported doing some mathematics homework.)
The finding that hours per week of mathematics homework showed negative effects in many countries
may be attributed to the inclusion of mathematics homework in total homework. Indeed, mathematics
homework makes up a substantial proportion of total homework for most students. However, when
these results are interpreted from the perspective of the Carroll model, too much homework may
have the effect of adding unnecessarily to time spent, so that it exceeds time needed. Taking this argu-
ment a step further, one might hypothesise that students with higher aptitudes do not need to spend so
much time on homework. Unfortunately, the data available do not allow the testing of this hypothesis.
Longitudinal studies, which follow student behaviours and performance over several years, would
be the optimal way to study this issue and the cumulative nature of mathematics learning in general.

Participating in tutoring and taking out-of-school classes in mathematics are negatively associated
with mathematics performance, both before and after accounting for other contextual and teaching
and learning factors. A common-sense interpretation of this finding is that students who engage
in these activities tend to be performing less well in school compared to other students and do
not improve sufficiently thanks to these activities to be among the better performers in the PISA
mathematics assessment. This interpretation does not imply that these students do not benefit from
participating in study organised outside school. The analysis supports this view by the generally
small negative correlations between these activities and PISA performance. A second interpretation
could be that these activities are narrow in scope, and although they may have positive effects on
the students’ school performance, these students are nevertheless more challenged by the general
mathematical literacy that PISA measures.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



Students’ use of learning strategies show different associations with mathematics performance across countries,
but when other contextual and teaching and learning factors are accounted for, the use of memorisation/
rehearsal and elaboration strategies are negatively associated with performance in the majority of countries. The
measures of learning strategies generally behave differently in the teaching and learning analytical
model compared with their observed effects. In all OECD countries with significant effects, the
use of elaboration strategies and memorisation/rehearsal strategies is negatively associated with
mathematics performance. However, the use of control strategies is not associated with mathematics
performance in the majority of countries, although there are weak positive effects in New Zealand,
Portugal, Australia, Canada, Korea, Turkey, Spain, and in the partner economy Hong Kong-China,

and weak negative effects in nine countries.

Preferences for either co-operative or competitive learning situations are not strongly associated with
mathematics performance once other contextual and teaching and learning factors are accounted
for. However, there is an observed positive association between a preference for competitive learn-
ing situations and mathematics performance in 29 countries, but in the teaching and learning model
the only country where the positive association remains is Denmark. In Japan, Hungary, Finland
and Switzerland, a preference for co-operative learning situations shows small positive effects in the
teaching and learning model; interestingly, among these countries, the observed association with
performance is only positive in Japan. Although it is possible to advance arguments about school or
societal influences on student dispositions in these areas, the effects are not clear enough to draw any

conclusions about whether either of these approaches should be encouraged by schools and teachers.

A strong disciplinary climate is strongly and positively associated with mathematics performance. The notable
exception to the pattern of small and inconsistent effects for teaching and learning strategies is the
result for disciplinary climate. Positive disciplinary climate shows positive effects on achievement
for all countries at either the student or school level, and at both levels for the majority of countries,
no matter how the analytical model is structured. Indeed, the average school-level disciplinary
climate exerts independent positive effects from those found for student-level disciplinary climate.
This finding has important implications because school-level disciplinary climate is something that
can potentially be addressed by school-level policies. While school-level disciplinary climate may
relate to such factors as the socio-economic composition of the school, PISA results indicate that
improving disciplinary climate seems to be a universally valid way to improve achievement. Looked
at another way, lost learning time in school mathematics classes is strongly associated with lower

mathematics performance.

The socio-economic composition of the school and students’ sense of self-efficacy in mathematics generally show
the strongest associations with mathematics performance. In 18 of the countries studied, the socio-eco-
nomic composition of the school has stronger associations with mathematics performance than any
of the teaching and learning factors analysed. In 15 of the countries, self-efficacy in mathematics
has the strongest association with mathematics performance. In Finland, Denmark, Iceland and
Australia, students’ self-concept in mathematics shows the strongest association with mathematics
performance. Among the teaching and learning factors analysed, disciplinary climate at the student
and school levels and hours per week of homework in total stand out as having the strongest unique
effects across the majority of countries, with student use of control strategies and student-teacher
relations having positive associations with mathematics performance in some countries but not in
others.
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Chapter 3 has presented the results of multi-level modelling that measures selected features of
teaching and learning effects on performance in mathematics after adjusting for other character-
istics of students and schools. The next chapter examines some of the policy implications of the
results and provides observations for the design of future PISA surveys.

Notes

Three of the PISA 2003 participating countries are excluded from parts of this analysis. School-level analysis for
France is not presented in this report; Indonesia has too much missing data on the measures included in the ana-
lytical model; and results for Liechtenstein are not reliable in two-level models, as there are too few participating

schools.

Initially, correlations among measures were examined and several versions of the analytical model drawn up and
examined, using different combinations of measures. Because some of the measures (predictors) were highly
intercorrelated or were found to have only small correlations with achievement, not all of the measures of poten-
tial analytical interest were included in the final model.

A significant concern in building multiple regression models such as those used here is that the measures or pre-
dictors are often correlated with each other, and in complex patterns. This means that the impact of a particular
variable on the outcome (in this case on mathematics achievement) depends not only on the correlation of that
variable with achievement but also on which other variables are included in the model and on how these are
correlated with the particular variable of interest. Under certain circumstances, the effects found in a multiple
regression model may be quite different from those found in a simple correlational model. The effects reported
here are the unique effects of each variable of interest, adjusting for all other variables in the model. Using dif-
ferent combinations of variables in different versions of the model can help determine if the effects of a particular
variable are being mediated, or even suppressed, by particular other variables. Mediation or suppression refers to
a situation in which two or more variables are associated with the outcome and also with each other. Taken one
at a time in a model, such variables may appear to be good predictors of the outcome. However, when taken in

combination in a more comprehensive model, the effects of one variable may override the effects of others.

For example, the two socio-economic background variables — parent occupation and parent education — tend to
be highly correlated with each other. Taken separately, each is also typically a good predictor of achievement.
However, when taken together, the first of these to be entered into the model is likely to account for most of the
variability in achievement, and hence mediates or suppresses the effect of the second variable. The effect of the
second variable is essentially subsumed by that of the first. One hypothesis tested in developing the model was
that students’ own confidence in their mathematical ability (self-efficacy in mathematics) was such a strong influ-
ence on achievement, and so closely correlated with teaching and learning variables, that it would suppress other
observed effects. In fact, very little difference was found in the magnitude of the effects according to whether
or not students’ self-efficacy in mathematics was included as a background variable. The effects of this variable
could therefore be treated as independent of the effects of other variables. While it would have been desirable to
examine many other model combinations as a way of probing these effects further, this complicates the presenta-

tion significantly when the model contains many variables.

An argument can be made that the unique effects of teaching and learning, rather than those mediated by factors
such as student background, are of most interest from the perspective of policy and practice, because teaching
and learning takes place in an overall context that cannot easily be controlled by teachers or students. However,
it can also be argued that broader policies could be influenced by knowledge of mediating effects, because these
may be a consequence of particular ways of organising schools or classrooms. It is also possible that one aspect of
teaching and learning can mediate another, and thus there is scope for looking at two or more aspects together as

part of an overall teaching and learning strategy.
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A simple example of possible mediating effects in this study arises from the composition of the variables “total
homework” and “mathematics homework”. Because the former includes the latter, these two variables are obvi-
ously correlated. The size of the correlation will depend partly on the proportion of total homework that is math-
ematics homework. On the one hand, the actual correlation between these variables is in the 0.60 range in most
countries, which is very high compared to most other correlations of interest here. Intuitively, one might expect
mathematics homework to be more highly correlated with mathematics achievement than total homework. On
the other hand, total homework may be an indicator of a more general propensity to attend to school work, and
thus might be independently correlated with mathematics achievement. Once the two variables are included in
the model, the effect of one may be mediated or suppressed by the other. As it happens, this is not what occurs
in this case. Nevertheless, this example illustrates in a straightforward way the difficulties in interpreting model
effects.

The order of entry of the measures analysed is more of an issue when a stepwise analysis is undertaken, that is,

when measures are entered in order of relative predictive power.

The estimate of the number of books in the home was used directly as it proved to be a better predictor of

achievement than the index of cultural possessions.

Across OECD countries on average the latent correlations among the three measures are: -0.80 for self-concept
in mathematics and anxiety in mathematics; -0.52 for self-efficacy in mathematics and anxiety in mathematics;
and 0.62 for self-concept in mathematics and self-efficacy in mathematics (Table A.2).

On average across the OECD countries, the correlation between participation in tutoring and both the highest
parental occupation and educational level is 0.04, and the correlation between participation in out-of-school les-

sons and both the highest parental occupation and educational level is 0.02.

The correlation between the observed effects and the analytical effects for students’ use of memorisation/

rehearsal strategies is 0.58.

This was tested by constructing one composite index that simply combines responses to all of the items making
up the three indices for student learning strategies. This composite yielded close to a normal distribution, indi-
cating that the problem is not that of a halo effect or the tendency of students to respond in a similar way to all
items in a set. The country-level correlations for the composite were mixed — positive and negative — indicating
that the effect of the composite is no more universal than that of the individual components.

The PISA school questionnaire contains a number of indices of school climate. However, examination of these
indices was considered beyond the scope of this study because they could not be clearly identified with teaching

strate gies.

Exploratory analysis was undertaken using observed variables within selected PISA indices instead of the PISA
indices themselves. Other than the variable number of books in the home, none of these variables contributed more
to the predictive power of the analytical model than the composite PISA indices.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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Summary and Implications
for Further Research

This chapter summarises the main results of the report, identifies relevant issues for further
research and development of PISA, and examines the extent to which the available results
speak to the relevant issues. For many of the variables explored, country differences stand
out so much that their effects may be best interpreted within countries or clusters of coun-

tries with similar cultural backgrounds or school systems.
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INTRODUCTION

This chapter offers a stand-alone overview of the report. It summarises the main results, identifies
relevant issues of policy and practice and examines the extent to which the results available address
these issues. It also considers the design of PISA in the light of interpretation issues encountered in

this study.
The analysis in this report contributes to understanding:

* The differences between teaching and learning practices in different countries, thus allowing countries to
benchmark practices. Some of the descriptive data are therefore of interest, for example in compar-
ing homework practices across education systems. Such comparisons need, however, to be made
with caution, especially when comparing statements made by principals and students that require
a degree of interpretation (e.g. how much certain learning strategies are employed) and where

response bias can arise because of different cultural contexts.

® The extent to which teaching and learning practices vary across schools within each country. This area is the
principal focus of Chapter 2 and is an important concern in education systems that aim to provide

equality of opportunity to all students.

® The extent to which individual aspects of teaching and learning are associated with better or worse perform-
ance. These associations are difficult to identify because of the complexity of interactions between
various factors, as well as the interaction of different factors with student characteristics such
as socio-economic background or students’ belief in their own efficacy. Nevertheless, taken
together, it is clear that teaching and learning factors have a significant association with student

performance in mathematics.

It is important to recognise that teaching is a complex activity and that an enormous number of
variables, many of which are outside the control of schools or teachers, influence learning. Even the
most carefully designed studies, such as PISA, cannot be expected to identify a few simple school or
classroom practices that, if implemented, would make a major difference to student learning. This
argument is especially true here since even the best cross-sectional survey cannot yield a camulative
picture of the school and classroom experience of students near the end of their compulsory school
careers. Estimates of school and teaching effects in a cross-sectional study are, at best, a one-year
snapshot, while the effects of home background and attitudes are likely to be more stable. Surveys
can indicate particular areas of interest and may in a few instances, such as for disciplinary climate
in this report, identify a factor which appears to have universal positive or negative effects on
performance. However, many teaching and learning factors are likely to interact with each other
and with the cultural climate in particular countries to yield different impacts in different countries.
It is clear that the teaching and learning factors measured in PISA show more than random effects
on mathematics achievement. However, it is equally clear that these effects are not universally in
the same direction or of similar magnitude across countries. Country differences stand out for
many of these variables, to the extent that analysis within countries or clusters of countries with
similar cultural backgrounds or school systems may provide the best interpretation of their effects.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010



BACKGROUND FACTORS THAT PROVIDE THE CONTEXT FOR TEACHING AND
LEARNING

The place of socio-economic status

This report does not directly focus on socio-economic background. Nevertheless, the PISA results
clearly show that socio-economic background plays a major role in determining the achievement
levels of students. Much of the analytical work using the PISA data has addressed the impact of
socio-economic background on achievement. While socio-economic background is a more-or-less
fixed background factor which education systems can do little to influence directly, the biggest
long-term social change that schools can accomplish is to help children overcome the disadvantages

of their backgrounds and hence facilitate social mobility.

The immediate implication of this finding for the analysis in this report is that the impact of teach-
ing and learning strategies needs examination independently of students’ backgrounds. Thus the
design of the models developed here aims to adjust for socio-economic background when exam-
ining the effects of teaching and learning strategies. Ideally, the use of appropriate teaching and
learning strategies moderates the impact of socio-economic background on achievement, and
many educational policy initiatives are intended to compensate for adverse socio-economic effects.
Nevertheless, the models used here make clear that socio-economic background remains one of the
strongest predictors of achievement, even in the presence of a large variety of teaching and learning
strategy variables. That is, the teaching and learning variables examined here do not seem in prac-
tice to mitigate very much the disadvantaged social backgrounds of some students.

Student attitudes, motivations and self-concept

Like socio-economic status, students’ self-confidence and motivation as learners show consist-
ent correlations with achievement. These factors could also be related to teaching and learning
strategies, and therefore they are included as control variables in the models. Nevertheless, unlike
socio-economic background, the direction of causation is not at all clear for these variables. That
is, it is possible that attitudes can be influenced by teaching strategies, that attitudes influence
learning strategies or that attitudes are affected by achievement. For example, the question remains
unresolved of whether a high level of perceived competence in mathematics precedes or follows
a high level of achievement, or whether low achievement engenders high mathematics anxiety or
vice versa. As noted earlier, cultural differences are likely to affect students’ interpretation of self-
confidence and motivation questions. Results in these areas should be interpreted with country dif-
ferences in their mean index values in mind. Readers familiar with particular countries or cultures
are better placed than the authors to make judgments about such differences. These variables show
some unexpected patterns when taken in the context of other factors in the full model and hence

warrant further discussion.

Self-efficacy is often seen as a major determinant of behaviour (Bandura, 1993). However, there is
some debate as to whether self-efficacy is best thought of as a generic or a subject-specific trait. The
extent of its correlation with achievement seems to depend on the type of self-efficacy measure used
(Moulton, Brown and Lent, 1991). PISA 2003 measures self-efficacy, specifically as a mathematics
trait, using items in which students evaluate their competence at solving a variety of mathematics
problems, yielding the index of self-efficacy in mathematics. Countries in which students have a
greater sense of self-efficacy tend to have higher performance, while within most countries there
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is a correlation with performance that remains even when adjusting for other factors. The average
sense of self-efficacy (set as zero internationally) varies considerably across countries. In the Slovak
Republic students overall have self-efficacy half a standard deviation above average, while those
in Japan and Korea, and the partner country Thailand, are the same amount below average. In
countries where students have least confidence in their own efficacy, this variable also makes least
difference to their predicted achievement; it is most closely correlated in some countries that have
about average self-efficacy overall.

The question arises of whether there would be any benefit in attempting to enhance self-efficacy
in mathematics as a means of improving achievement. PISA cannot show whether this would be
effective, but the question does highlight a pertinent cultural issue. Students in Japan and Korea
have among the lowest average sense of self-efficacy in mathematics, though both countries have
among the highest average achievement levels. This finding raises the further question of whether
the culture or the school systems of these countries are in some way engendering more negative
student opinions of their mathematics competence than the reality of their achievement warrants.

Another affective variable showing wide differences across countries is anxiety in mathematics.
Students in Mexico, Japan and Korea, and the partner countries Tunisia, Brazil and Thailand (a
contrasting mix of high- and low-achieving countries), express particularly high levels of anxiety
about mathematics. However, in Denmark, Finland, the Netherlands and Sweden (all relatively
high-achieving countries) students show particularly low anxiety. Both within and across countries,
students who are anxious about learning mathematics tend to perform worse in the subject. Again,
there may be lessons for teachers here, especially in countries where anxiety is highest, to make
more efforts to reduce it. Particularly in Mexico and the partner country Brazil, high anxiety tends

to go with low mathematics performance.

PISA also gives some indication to teachers that students’ motivation is an important aspect of their
learning. When asked about their motivation to learn mathematics — out of interest or for more
instrumental reasons — students once again responded differently across countries. Although cul-
tural differences may influence the way students respond to this question across countries, within
countries those with the highest motivation perform best on average (there is a moderate correlation

between motivation and performance).

Much of the research on efficacy, attitudes and motivation hinges on the working hypothesis that
high values of such variables are associated with high achievement (e.g. Baumert and Koeller, 1998;
Aitken, 1974; Lepper, 1988; Wigfield, Eccles and Rodriguez, 1998; Moulton, Brown and Lent,
1991; Branden, 1994). However, some sources suggest that the relationship between these factors
and achievement is subtler and more indirect than the simple hypothesis would indicate. This study
strongly reinforces that view. While most of the bivariate relationships operate in the predicted
direction when examined within countries, there is an obvious country-specific component in the
patterns. For example, students in several high-achieving countries, particularly Asian ones, show
a generally negative sense of self-efficacy and have relatively negative attitudes and motivations.
The existence of negative between-country effects suggests that country-specific features strongly
influence the measurement of these factors. Even within countries, however, positive associations
between certain attitudes and performance sometimes become negative when adjusting for other

factors.
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Common-sense logic dictates that teaching can and should influence such attitudes and motiva-
tions. If, in their turn, these factors influence achievement, it might be desirable to direct teaching
strategies towards improving attitudes and motivations in the hope that this would have indirect
positive effects on achievement. While there is no way of measuring the extent to which teachers
deliberately aim to improve attitudes in order to improve achievement, in practice there is a con-
sistent bivariate association between good student attitudes and the adoption of helpful teaching
strategies, for example by creating a positive classroom climate. This finding needs to be interpreted
with caution, however, since teaching strategies in PISA are rated by students, and it is possible that
those who have positive views of what their teachers are doing also tend to have positive attitudes
in general. Nevertheless, it seems that there is little to be lost in having teachers act in ways that
help reduce mathematics anxiety and increase students’ sense of self-efficacy in mathematics and
their self-concept. However, teachers should also note that students who enjoy mathematics or feel
a sense of belonging at school actually tend to perform worse in mathematics when adjusting for all
other factors. This evidence does not mean that enjoying mathematics causes students to perform
worse, but that a student who enjoys mathematics more than another will not necessarily perform
better if she does not also have other characteristics that tend to go with enjoyment, such as greater
confidence in her mathematics ability.

Time allocations

Since Carroll’s groundbreaking 1963 paper, time allocation has become one of the most significant
variables in studies of achievement. Although Carroll suggested in his 1989 retrospective that he
had not done much more than state the obvious, his model took the analysis of time well beyond
the common-sense notions that no learning can take place without spending time and that more
time should lead to greater learning. In particular, the distinction between time allocated and time
needed, and the relationship of these variables to student aptitude, quality of instruction, opportunity
to learn and perseverance have become established elements in the analysis of time and its impact on
learning. One can think of this model, therefore, as capturing teaching and learning strategies within
a framework in which more effective strategies cither decrease time needed or increase time spent
(through longer periods of instruction or more out-of-class learning).

For school authorities, the length of the school year and school day are the most salient time vari-
ables. States can also regulate other aspects of time, such as time allocations to particular subjects
or the length of class periods, although the school often decides these matters. Depending on the
degree of centralisation of the system, schools can treat state-level time policies as guidelines or as
definitive allocations. Since PISA 2003 did not measure jurisdictional-level variables directly, the
information on global time allocations available comes from the school questionnaire and hence
reflects variations among schools.

The number of weeks in the school year varies considerably in countries taking part in PISA, with
a norm of 36-40 weeks, but only 33 weeks in Ireland, 32 in the partner country Tunisia and 24
in Mexico. These country differences do have a positive correlation with performance, but within
countries, the correlation is mostly negative, although weak — probably because of limited within-
country variation and the influence of a few outlier schools. A second time measure, the length of
the school week, shows greater variation than the school year within some countries, especially
in the United States, although in Finland and the partner country Latvia, for example, neither the
school week nor the school year vary much. In these countries, therefore, the main correlation with
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performance is within countries, although when adjusting for other factors the correlation tends
not to be significant. Similar results apply for the quantity of mathematics teaching, even though
here country differences are striking: the partner economies Hong Kong-China and Macao-China
provide over 4.5 hours of mathematics instruction each week to 15-year-olds, whereas Finland
provides only 2.5 hours.

These results suggest that giving more overall time to mathematics instruction does not greatly con-
tribute to better achievement. While this does not negate the value of time spent on mathematics
learning, it does suggest that other intervening variables can offset any advantages of longer overall
time allocations. This area requires further investigation within some countries, particularly those
with very low time allocations and very low achievement.

STUDENT LEARNING STRATEGIES

Student use of time

The Carroll model addresses time use at the level of the individual. Total allocated learning time in
the school is only one aspect of this model. While this aspect might be a limiting factor on learning,
the reality is that students may fail either to use all of the instructional time available or may find
ways to extend this time. PISA does not investigate lost time in any comprehensive way (although
the issue is touched on when looking at classroom climate, where students are asked, for example,
whether at least five minutes at the start of lessons are spent doing nothing). However, PISA does
measure additional time spent on learning using questions on exposure to tutoring and other out-

of-class instruction and on time spent on homework.

The proportion of students tutored in mathematics is in the 10% to 20% range for most countries.
It is less than 10% in several high-achieving countries such as Belgium, Finland and Japan, but
exceeds 30% in some low-achieving countries, particularly Greece, Mexico and Turkey. Patterns
of out-of-class lessons are similar. However, in both cases it is difficult to find positive effects on
learning — although the literature suggests these positive effects do exist (Cohen, Kulik and Kulik,
1982; Hattie, 1992) — because those who receive such extra support may be more likely to be less
able students. Indeed, there is generally a strong negative correlation between participation in such
activities and achievement in mathematics. The prevalence of tutoring and extra lessons in some
low-achieving countries suggests that extra efforts are being made by many students and by their
parents (who must pay for such services) to overcome low achievement. However, these efforts are
clearly not yielding sufficient payoff to raise achievement levels significantly for the country as a
whole. The obvious policy implication is that countries cannot rely on services provided outside the
school setting to overcome those characteristics of their school systems or of their societies that are
contributing to low achievement. Taking this argument a step further, it is possible that the value of

extra-school instruction is being oversold by a large and growing industry.

Several other related issues follow from these results. It is particularly important to investigate
whether students from more affluent families are taking tutoring and out-of-class lessons. The
results indicate that there is a small positive relationship between socio-economic background and
these activities. It is not clear if the high prevalence of these activities in some countries is related
to the cost of such services, to such factors as the availability of qualified but unemployed personnel

and to whether regular teachers engage in such activities after school hours, perhaps to supplement
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low salaries. It is also unclear whether the high proportions recorded in some countries simply rep-
resent over-reporting. These points warrant detailed investigation in the light of the mixed results
on whether the impact of extra learning on individual students is positive, especially in countries
with low average achievement and where these activities are prevalent.

The second major area of student use of time measured in PISA is homework. There is substan-
tial support in the literature for the value of homework as a contributor to achievement (Paschal,
Weinstein and Walberg, 1984; Hattie, 1992; Cooper, Robinson and Patall, 2006) when the home-
work assignment reinforces the material that has been learnt, rather than being given in place
of instruction. However, a report by Mullis et al. (2000), based on the IEA Third International
Mathematics and Science Study (TIMSS), found that homework time was a negative predictor of

mathematics and science achievement.

The PISA student questionnaire contains items on hours per week spent on all homework and on
mathematics homework. As with tutoring and extra classes, the assignment of homework occurs
more in countries with lower overall achievement. However, in the case of homework, unlike with
tutoring, the evidence suggests an overall beneficial effect within countries. Even adjusting for
other variables, total homework time shows significant positive effects on achievement for almost
all countries, although the effects for mathematics homework are mainly significantly negative. A
key finding that helps explain the latter result is that the small proportion of students reporting no
mathematics homework tend to have higher achievement than those reporting some mathematics
homework. This evidence indicates that some students can learn mathematics effectively through
their within-school work and thus have no need for homework.

All of this presents a complex picture for the effect of homework. Negative country-level correla-
tions and the inordinate amount of time spent by students in some low-achieving countries on
homework suggest that homework is being used to compensate, but not very effectively, for the
limitations of schooling or to substitute for instruction by teachers. It also seems likely that in many
high-achieving countries, and for high-achieving students in all countries, the current approach
to teaching mathematics in school is sufficient to allow students to function well without much
homework. However, it is clear that within each country, higher-achieving students do more total
homework than other students.

The policy implications of these results are not straightforward. A general argument can be made,
based on these results and on the literature, that schools and school systems should encourage
homework. However, further investigation is required to determine if homework is being used to
offset problems occurring within schools and on the effectiveness of homework for low-achieving
students. More specifically, it would be useful to know what particular forms of homework students
are doing and whether teachers primarily assign homework as specific tasks or as a general require-

ment to practise certain topics.

Meta-cognitive strategies

Meta-cognitive strategies are generic approaches that students use in addressing a learning task.
There is support in the literature for the hypothesis that student use of meta-cognitive strategies
contributes to achievement. Indeed, this is one of the proximal areas considered by Wang, Haertel
and Walberg (1994) as having the greatest influence on achievement.

Mathematics Teaching and Learning Strategies in PISA  © OECD 2010
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The three index variables used in PISA are memorisation/rehearsal, elaboration strategies and
control strategies. Memorisation involves activities such as going through examples repeatedly and
trying to remember all of the steps in a procedure. Elaboration is associated with activities such as
thinking of new ways to solve a problem and relating the problem to existing knowledge. Control
strategies involve trying to discern what are the important parts of a problem and working out what
needs to be learnt. Although memorisation has been widely investigated by psychologists, today they
generally regard it as a low-level strategy, associated with a behaviourist approach to learning, and
hence it is often discouraged as a general strategy for school learning. Elaboration is a more compre-
hensive strategy, consistent with the more constructivist view of learning now prevalent, especially
in teacher education programmes. Control strategies seem to relate to efficiency in learning, though
it is more difficult to situate such strategies within any particular psychological framework.

Consistent with expectations, memorisation strategies tend to be less frequently used than either
elaboration or control strategies. They tend to be used more by students in relatively low-perform-
ing countries: students in Mexico, Brazil, Thailand and Tunisia say that they use memorisation the
most, which produces a very high negative correlation between countries’ use of memorisation and
their performance in PISA. The within-country correlations with achievement are mostly close to

zero, but with a few significant positive and negative values.

It must therefore be concluded that memorisation is an ineffective strategy. This finding has impor-
tant implications for policy and practice in some of the lowest-achieving countries, where students
rely extensively on memorisation. It is clear that teachers need to find ways to enable students to
reduce their reliance on memory. One possible approach is to teach generic strategies for attacking
mathematics problems: to teach methods, not a memorisable body of information.

The report suggests that the index of elaboration strategies can be an indicator of whether students use
such generic strategies, though not of whether students have learned these methods from teachers
directly. While students use elaboration strategies more often than memorisation strategies in most
countries, the patterns of relationship with achievement are similar. On the standard scale, stu-
dents in Mexico and Turkey, and the partner countries Brazil, Serbia, Thailand and Tunisia, show
the highest positive levels of use of elaboration strategies, while those in Japan and Korea show the
highest negative levels. Within-country correlations are mostly small but the between-country cor-
relation is strongly negative. This evidence suggests that those countries using memorisation are not
doing so at the cost of elaboration, but it is also possible that cultural bias affects responses to these
questions, and in particular that students in some countries are generally more inclined to agree
with statements of this type, whatever their actual learning habits.

This tendency would seem to be confirmed by students’ self-reports on use of control strategies:
students in Mexico and the partner countries Tunisia and Brazil, along with those in Austria and the
partner country Serbia, were the most likely to say they controlled their learning. Control strategies
differ from the other two meta-cognitive strategies in that, in some countries, there is a correlation
between adopting such strategies and performance even after adjusting for other factors. However,

this applies to only one-half of these countries, and the correlation is negative as often as positive.

One possible explanation for the limited degree to which control strategies have unique effects
on performance after accounting for other factors is that one of the variables controlled for is self-

efficacy in mathematics. The hypothesis here is that students with higher levels of self-efficacy are
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more likely to use elaboration and control strategies and that these act jointly to influence achieve-
ment. In fact, all three meta-cognitive strategies are found to correlate positively with self-efficacy,
and the impact of adjusting for self-efficacy is to change bivariate positive effects for all three
meta-cognitive strategies into negative effects in the joint model. If, as seems plausible, adopting an
effective learning strategy results in both greater confidence in mathematical efficacy and higher
mathematical achievement, by adjusting for self-efficacy the possible benefits of such strategies may
be masked. This issue could be investigated by treating self-efficacy as the outcome variable, adjust-
ing for achievement, and comparing the modelled effects of the meta-cognitive variables on that
outcome with those for achievement.

It is difficult to know how to interpret these results. They are clearly inconsistent with the literature
as they show only small and inconsistent bivariate effects and mainly negative effects on achieve-
ment when other variables are controlled. In fact, these three variables are highly intercorrelated,
suggesting that the concept of meta-cognitive strategies has only one dimension. However, if this
is s0, it could be argued that a specific strategy adopted on its own will not make a significant dif-

ference to achievement.

These variables are clearly more complex than expected, both from an international perspective and
when examined in the presence of other factors. In particular, the between-country correlations
again suggest a generalised response bias under which students in high-achieving countries report
low level of use of such strategies and those in many low-achieving countries hold what may be an

overly optimistic view of how much they elaborate and control their learning.

Educators who intuitively perceive the usefulness of these learning strategies would like a clear
statement for policy makers and practitioners which says that encouraging, or perhaps even explic-
itly teaching, the use of meta-cognitive strategies will enhance student achievement. However, the
results of this study do not unequivocally support such a statement, particularly as student percep-
tions of use of these strategies are measured here, rather than actual approaches to teaching.

Co-operative and competitive learning situations

A substantial literature exists on co-operative learning in classrooms (see, for example, Slavin,
1994; Johnson and Johnson, 1989). Entire programmes operate that are built around the notion
that working in co-operative groups can enhance student achievement and social skills. On the
one hand, there has been little in-depth investigation into the alternative approach of engendering
competitive learning environments and, indeed, this type of investigation seems inconsistent with
the ethos of many school systems. On the other hand, at levels beyond those in which universal
participation is expected (the tertiary level in some countries but the secondary level in others),

competition for places can be extreme.

The PISA index of co-operative learning strategies and the PISA index of competitive learning strategies derive
from student responses to items on whether they prefer working with others or helping others or
whether they want to be the best or do better than others. Overall, a majority of students in most
countries tend to agree with statements reflecting both of these strategies, suggesting that they may
not be opposites on a single continuum. Indeed, these indices correlate positively with each other
in most countries. Students in Japan show much less enthusiasm for either strategy than elsewhere
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in the OECD, while students in Turkey and in the partner countries Brazil and Tunisia are strongly
positive on both.

Students who engage in competitive learning tend in many countries to be among the higher achiev-
ers, but this effect mainly disappears once one accounts for other characteristics of these students.
Co-operative learning does not correlate with achievement at either level. This finding suggests that
while achievement can predict student learning styles to some extent (high achievers may compete
more, because they also have other characteristics such as confidence in their abilities), there is no
evidence to indicate that a particular learning style is more effective. In interpreting these limited
findings about competition and co-operation, it is important to note that what are being measured
are student preferences for these strategies and not classroom organisation or instruction in refer-
ence to them. Moreover, the tendency for students to express enthusiasm for these strategies in
some countries with low average achievement, where students also tend to be enthusiastic about
other learning strategies, suggests a cultural bias that makes it hard to draw firm conclusions.

TEACHING STRATEGIES

Disciplinary climate

Across countries, disciplinary climate is the teaching and learning factor with the strongest correla-
tion with performance and this correlation remains positive and significant in most countries even

after adjusting for other factors.

Disciplinary climate refers to the creation of a classroom atmosphere that is conducive to learning.
More specifically, it refers to a classroom that is efficient, free of disruptions and in which on-task
behaviour is maximised. Despite the common-sense significance of disciplinary climate and its
public visibility as an issue in schooling, it has not been widely investigated in studies of teaching.
However, studies of time on task (Denham and Lieberman, 1980), classroom distractions (Behnke
et. al., 1981) and teacher control (Crocker and Brooker, 1986) do address elements of disciplinary
climate. Effective classroom management is one of the factors identified in a recent review of
Marzano’s (2003) review “What Works in Schools.”

The PISA index of disciplinary climate consists of items in which students are asked to report the fre-
quency with which negative behaviours occur in their mathematics classrooms. Examples include:
students not listening to the teacher, noise and disorder in the classroom, waiting for a long time for
lessons to start or for students to quieten down, and student inability to work well in the classroom.

The proportion of students indicating that these things occur in most or all lessons tend to be in the
20% to 40% range. The most positive disciplinary climates are in Japan and the partner country
the Russian Federation, and the most negative in the partner country Brazil, but overall the average

scores on this variable do not differ greatly across countries.

By contrast, within-country differences in disciplinary climate are a key issue. One of the most
important findings in this study is that not only is disciplinary climate the teaching and learning
factor with the closest link to performance, but it is also one in which differences across schools
are particularly high. (Although reported by students, this factor is aggregated to the school level).
Moreover, the correlation between disciplinary climate and achievement is much higher at the
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school than at the student level. These results show that if school systems are to provide equal learn-
ing opportunities to all of their students, it is very important to improve the disciplinary climate in

those schools where it is poor.

Teacher support and student-teacher relations

The index of teacher support derives from items concerning whether the teacher shows an interest in
student work, helps students with their learning and allows students to express opinions. A majority
of students in most countries are of the view that their teachers act in these ways. However, there is
more variation across countries in this factor than in disciplinary climate. The highest average levels
of teacher support occur in Mexico and Turkey and in the partner countries Thailand and Brazil,
while the lowest levels occur in Austria, Japan, Luxembourg and Germany. Teacher support mainly
correlates negatively with achievement within countries and most of the model effects are negative,
suggesting that support is intentionally targeted towards weaker students.

Although considered in PISA to be an aspect of school climate rather than of teaching strategies, the
index of student-teacher relations consists of items that closely resemble those for teacher support, con-
cerning how well students get along with teachers, whether teachers listen to students and whether

teachers treat students fairly.

The response patterns are similar for these two variables. Most of the within-country correlations
are either significantly negative or close to zero. However, the model effects are more mixed.
Several western European countries show positive effects for student-teacher relations while several
ecastern European countries, along with Mexico and the partner countries Thailand and Tunisia,

show negative effects.

Teacher support and student-teacher relations may be thought of as affective counterparts to the
management emphasis reflected in disciplinary climate. Soar and Soar (1979) are among the few
researchers to have examined emotional climate in the classroom in relation to achievement. Their
research reports a non-linear relationship, with negative emotional climate (e.g. criticism, student
resistance) yielding negative results but positive emotional climate not yielding the expected positive
effect on student achievement. It is possible to infer from the Soar and Soar studies that an emo-
tional climate that is free of the most negative features, combined with strong teacher management
behaviours (e.g. setting limits on student movement and disruption), yields the highest achievement
levels.

The results for these teaching strategy variables are consistent with the literature and have direct
implications for teaching practice. Teachers who create classroom conditions that are free of dis-
ruptions and lost time can expect better student performance than those who do not. Teachers
who exhibit high levels of warmth or positive affect towards students are not likely to have higher-
achieving students than those teachers showing less positive feelings towards their students. School
administrators need to identify classrooms with frequent negative behaviours and take steps to
improve the management skills of teachers in these classrooms. Identifying whole schools with such

problems and helping them to address them are tasks for higher-level education authorities.

All of this analysis provides specific directions for change in what might be an important component

of a school improvement plan. However, the results need to be differentiated further to determine
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if the observed effects are universal or are applicable to schools that are not average in terms of stu-
dent ability, socio-economic background or other characteristics. It is also important to note that
most of the studies of discipline and affect occur at lower grade-levels than those in PISA. The con-
sistency in general pattern suggests common aspects of good teaching and not grade-specific effects.

WHAT DOES THE EVIDENCE SAY?

Table 4.1 gives a summary of the range and variation of values of the main teaching and learning
variables studied here, their univariate and multivariate effects and the interpretations and policy
implications that one can drawn from the results.

The results clearly show wide variations among countries in the average values of the variables of
interest and in the diversity among schools of values of these variables. There seems to be some
evidence of clustering of countries with similar cultural features or with similar school systems.
For example, a few countries show consistent patterns of high diversity across schools, suggesting a
highly decentralised school system. However, the degree of diversity across schools does not seem
to be clearly linked to mathematics achievement. In some cases, the results indicate interesting
teaching and learning patterns, such as the relatively high homework levels in some low-achieving
countries, which appear to conflict with the overall average effects for these variables across all
the countries studied. In other cases, such as the high level of memorisation found in some low-
achieving countries, the between-country differences are consistent with the overall achievement
effects for these variables. In general, the absolute values of the variables across countries appear to
be of less importance than their relative values within countries.

The analysis does not provide a clearly defined picture of a set of teaching and learning conditions
associated with strong student performance. In many cases, the model shows weak, non-significant
or negative associations between individual factors and performance in mathematics, once all other
factors are controlled for. This finding does not mean that teaching and learning factors are irrel-
evant, or that success is entirely determined by other factors such as a student’s background or self-
confidence: it may simply be that the separate effects of teaching and learning factors are difficult to
measure. Nevertheless, the results do seem to indicate that a combination of conditions is associated

with effective teaching and learning, not a single factor alone.

There is one factor that seems to have a universally strong association with performance when
adjusting for other factors: disciplinary climate, especially at the school level. Students who experi-
ence disorderly classrooms are less likely to perform well, whatever their other characteristics. This
finding seems to indicate that having an orderly place to learn is an important prerequisite without
which teaching and learning cannot thrive. Beyond this condition, factors such as good relations
with teachers, the adoption of effective learning strategies and homework assignments contribute
collectively to a student’s chances of success, but no individual practice can be said to make a deci-

sive difference.

Figure 3.2 illustrates vividly that these and other factors play a part in explaining differences
between the performance of different students and schools. At the school level, three-quarters
of school variance can be attributed to the particular combination of the background factors and
teaching and learning factors presented in this report. In this context, the analysis of school differ-
ences discussed in Chapter 2 is useful. In particular, some countries tend to show relatively wide
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differences among schools on a range of variables, and this will have a cumulative effect on students’
chances. These differences seem to be particularly large with respect to school climate and student-
teacher relations, indicating that it is not just instructional strategies but the learning environment

that countries need to look at when pursuing equal educational opportunities.

Moreover, even though there are a few teaching and learning variables with a consistent effect
across countries, some of those noted above may be context-specific. For example, while positive
disciplinary climate seems to be related to higher achievement in all countries, positive student-
teacher relations have a positive effect on achievement in some countries and a negative effect in
others. It is not possible, in a broad study such as this, to investigate the specific cultural charac-
teristics of countries, features of national education systems or the extent to which interpretations
of items vary in different languages or cultural contexts. Individual countries may wish to pursue
longitudinal studies to delve into issues such as homework time, or observation studies to deepen
understanding of issues such as classroom climate.

Final thoughts

The recent publication of first results from the Teaching and Learning International Survey (TALIS)
(OECD, 2009) sheds new light on many of the teaching and learning strategies reported here.
Using many of the same constructs as found in PISA, the TALIS study addresses a major gap in the
PISA studies by using a teacher questionnaire to record teaching strategies as well as teacher beliefs
and attitudes. TALIS categorises teacher beliefs under two main theoretical viewpoints, referred
to as direct transmission and constructivist. The contrast between these viewpoints is the basis for
much of the literature on teaching and teacher education. Many of the teaching strategy indices
used in both PISA and TALIS may be associated, to a greater or lesser degree, with one or other of

these positions.

While TALIS investigates the links between specific teaching strategies and these broader con-
structs, it does not include measures of student achievement, so cannot address the key question
of which of these constructs is most conducive to learning or the circumstances under which one
or the other may be more effective. This exercise could be done in future PISA studies, either by
including a TALIS-like teacher questionnaire or by linking existing PISA variables to transmissive
or constructivist orientations at the school level. The examination of these orientations would be
a particularly interesting approach to adopt for PISA 2012, when mathematics will again be the
main focus of research. Most contemporary approaches to mathematics curriculum and instruction
emphasise the importance of problem-solving, which is widely believed to be better taught from a

constructivist than from a transmissive perspective.
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OVERVIEW

Teaching and learning strategies are broad concepts. Teaching strategies refer to a wide range of
processes, from the way in which classrooms are organised and resources used to the daily activities
engaged in by teachers and students to facilitate learning. Student learning strategies refer to cogni-
tive and meta-cognitive processes employed by students as they attempt to learn something new.

PISA 2003 used a variety of questionnaire items to measure teaching and learning strategies in
mathematics. These items were combined and scaled to yield a number of composite or index vari-
ables representing broad constructs. Examples of these constructs are disciplinary climate, teacher-
student relations, memorisation strategies and time spent on various learning activities. In PISA
2003 these measures were specifically geared towards the learning of mathematics.

Analysing the data collected in PISA 2003 can inform policy makers in individual countries as to
how their situation might differ from that of other countries in terms of consistency or variety
among schools. It can also provide a broad profile of commonalities and differences in mathemat-
ics teaching and learning within an educational system. Merging these variables with the PISA
assessment of individual competencies, it is also possible to analyse the relationship between stu-
dent performance and teaching and learning strategies. While limited by the scope of PISA, its
cross-sectional nature and the sheer complexity of the processes involved in teaching and learning
strategies, these relationships yield important insights for education policy makers and stakeholders.

The evidence emerging from PISA 2003 shows that systems differ substantially in the kinds of
teaching and learning practices most commonly used across schools. Even within the same edu-
cational system, there is a large variation in the teaching and learning practices most commonly
employed across schools. While PISA shows teaching and learning factors are related to math-
ematics achievement, the relationships are not consistent and robust across all PISA countries and
economies. Significant country differences stand out for many of the variables measuring teaching
and learning strategies. Socio-economic background factors are among the most significant factors

affecting performance, even after accounting for different teaching and learning strategies.

Two general messages merge from this evidence. First, the effects of teaching and learning strate-
gies are best interpreted within countries or clusters of countries with similar cultural backgrounds
or school systems. Second, across all countries the use of teaching and learning strategies does not
seem to significantly mitigate the disadvantaged social backgrounds of some students.

With respect to findings on specific teaching and learning strategies, the evidence presented in this
report highlights a number of interesting results. In terms of teaching strategies this study shows
the importance of disciplinary climate and instruction time. The analysis however does not reveal
how to achieve a more effective use of either of these strategies, only that they are associated with
higher performance.

In terms of student learning strategies, this study stresses the importance of antecedents over differ-
ent meta-cognitive strategies. For example, student attitudes such as motivation and confidence are
strongly associated with higher performance, while anxiety is associated with lower performance,
even after accounting for learning strategies and other factors. It is unclear, however, if these stu-

dent attitudes lead to higher performance or if it is this high performance that leads to, for example,
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more confidence. For meta-cognitive strategies, while an association between higher performance
and student use of control and elaboration strategies is observed, it disappears or turns negative
when other factors are taken into account. The analysis does not reveal however how student learn-

ing strategies interact with other student factors.

An important conclusion for education policy makers and analysts emerges from this report. For
policy makers and stake holders, the value added of the PISA data in this area is highest as a descrip-
tive tool. The data can best be used to better understand which teaching and learning strategies are
most common and how much variation exists across schools within a particular system. Moreover,
the complexity and the cross country variance apparent in the results suggest that while teaching
and learning strategies are an important area of educational policy and research, a cross-sectional
international perspective such as offered by PISA is of limited use when trying to understand which
teaching and learning strategies lead to higher student performance and which ones do not, particu-
larly for complex processes such as individual student meta-cognitive strategies or student-teacher

relations.

OVERARCHING ISSUES

The place of socio-economic status

Socio-economic background remains one of the strongest predictors of achievement, even in the
presence of widely varying teaching and learning strategies. Ideally, the impact of socio-economic
background on achievement would be moderated by the use of appropriate teaching and learning
strategies, and many educational policy initiatives are intended to compensate for adverse socio-eco-
nomic effects. The models used in this study adjust for socio-economic background when examining
the effects of teaching and learning strategies. Yet, the results show that the teaching and learning
variables examined here do not seem, in practice, to mitigate very much the disadvantaged social

backgrounds of some students.

Student attitudes, motivations and self-concept

As with socio-economic status, students’ self-confidence and motivation as learners show consist-
ent correlations with achievement. Since these variables can be considered to be related to teaching
and learning strategies as well as to achievement, they are therefore included as antecedents in the
models. Nevertheless, unlike socio-economic background, the direction of causation is for these
constructs varies. It is possible that attitudes can be influenced by teaching strategies and that
attitudes, themselves, influence learning strategies or are affected by achievement. Furthermore,
cultural differences are likely to affect students’ interpretation of self-confidence and motivation
questions. Therefore, results in these areas should be interpreted taking into account the context

and culture of each specific country.

PISA 2003 measured self-efficacy, specifically in relation to mathematics, using questionnaire
items in which students were asked to judge their competence at solving a variety of mathematics
problems, yielding the index of self-efficacy in mathematics. Countries in which students have a
greater sense of self-efficacy tend to have better overall performance in mathematics, while within
most countries there is a correlation with performance that remains even when adjusting for other
factors. The average sense of self-efficacy (set as zero internationally) varies considerably across
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countries. In the Slovak Republic students on average have self-efficacy half a standard deviation
above average, while those in Japan and Korea, and the partner country Thailand, are the same
amount below average. In countries where students have the least confidence in their own efficacy,
this variable also makes the least difference to their predicted achievement; the variable is most
closely correlated in some countries with above-average self-efficacy overall.

Another variable showing wide differences across countries was anxiety in mathematics. Students
in Japan, Korea and Mexico, and their partner countries Brazil, Thailand and Tunisia (a contrasting
mix of high- and low-achieving countries), express particularly high levels of anxiety about math-
ematics. However, in Denmark, Finland, the Netherlands and Sweden (all relatively high-achieving
countries), students show particularly low anxiety. Both within and across countries, students who
are anxious about learning mathematics tend to perform worse in the subject. Again, there may be
lessons here for teachers, especially in countries where anxiety is highest, to make more effort to
reduce it. Particularly in Mexico and the partner country Brazil, high anxiety tends to go with low

mathematics performance.

Instructional time

For school authorities, the length of the school year and school day are among the most salient time
variables. States can also regulate other aspects of time allocation, such as allocations to particular
subjects or the length of class periods, although these matters are often left to the school. Since
PISA 2003 did not measure jurisdictional-level variables directly, the available information on global
time allocations comes from the school questionnaire and hence reflects variations among schools.

The number of weeks in the school year varies considerably in countries taking part in PISA, with
a norm of 36-40 weeks, but only 33 weeks in Ireland, 32 in the partner country Tunisia and 24
in Mexico. These country differences do have a positive correlation with performance, but within
countries, the correlation is weak and mostly negative. A second time measure, the length of the
school week, shows greater variation within some countries than that of the school year, especially
in the United States, although in Finland and the partner country Latvia, for example, neither the
school week nor the school year vary much. In these countries, the main correlation with per-
formance is within countries, although when adjusting for other factors the association tends to
disappear. Similar results apply to the quantity of mathematics teaching, even though here country
differences are striking: the partner countries Hong Kong-China and Macao-China give over 4.5
hours of mathematics instruction each week to 15-year-olds, whereas Finland gives only 2.6 hours.

Yet, across systems there is a strong correlation among total instruction time and mean perform—
ance in mathematics. Combining the information from the number of hours per week and the
length of the school year in weeks per year, an index of total instruction time is constructed. The
total instruction time in the year varies considerably across and within countries. Some of the
countries with the highest average performance, such as Korea, have also one of the highest yearly
instruction times with an estimate of over 1000 hours per year. Mexico is at the other extreme,
with an estimate of less than 600 hours of instruction per year on average. Interestingly Korea
achieves a high total instruction time with over 30 hours per week, the most among OECD coun-
tries, and less than 36 weeks per year, the OECD average. Mexico has an estimated mean of 24
hours per week, the OECD average, but at below 24 weeks of instruction per year, it also has one
of the lowest estimates for the OECD in this measure.

Mathematics Teaching and Learning Strategies in PISA © OECD 2010



STUDENT LEARNING STRATEGIES

Alternative uses of student learning time outside schools

PISA measures student use of time by questions on exposure to tutoring and other out-of-class
instruction and by time spent on homework. The proportion of students being tutored in math-
ematics is in the 10% to 20% range for most countries. It is less than 10% in several high-achieving
countries such as Belgium, Finland and Japan, but exceeds 30% in some low-achieving countries,
particularly Greece, Mexico and Turkey. Patterns of out-of-class lessons are similar. The prevalence
of tutoring and extra lessons in some low-achieving countries suggests that extra efforts are being
made by many students and by their parents to overcome low achievement. However, these efforts
may not be yielding the expected payoft for individuals or helping to raise the level of achievement

significantly for the country as a whole.

The second major area of student use of time measured in PISA is homework. The PISA student
questionnaire contains items on hours per week spent on all homework and on mathematics home-
work. Similar to tutoring and extra classes, homework tends to be used more in countries with
lower achievement overall. In the case of homework, the evidence suggests an overall beneficial
effect within countries. Even adjusting for other variables, total homework time shows significant
positive effects on achievement for almost all countries. Extra mathematics homework appears to
be targeted to those that need it most as the within country relationship between extra mathematics
homework and performance tends to be negative across systems. The small proportion of students
reporting no mathematics homework tends to have higher achievement than those reporting some

mathematics homework.

All of this presents a complex picture for the homework effect. Negative country-level correlations
and the inordinate amount of time spent by students in some low-achieving countries on homework
suggest that extra efforts in terms of mathematics homework used to compensate for limitations of
schooling or to substitute for instruction by teachers can only have a limited positive effect. It also
seems likely that in many high-achieving countries, and for high-achieving students in all countries,
the mathematics teaching provided in school is sufficient to allow students to function well without
extra homework. It is clear however that within each country, higher-achieving students are doing

more homework overall.

Meta-cognitive strategies

Meta-cognitive strategies are generic approaches that students use in addressing a learning task. The
three index variables that PISA uses for these strategies are memorisation/rehearsal, elaboration
strategies and control strategies. Consistent with expectations, memorisation strategies tend to be
less frequently used than either elaboration or control strategies. They tend to be used more by stu-
dents in relatively low-performing countries, with students in Mexico, Brazil, Thailand and Tunisia
saying that they use memorisation the most, producing a very high negative correlation between
countries’ use of memorisation and their performance in PISA. The within-country correlations
with achievement are mostly close to zero, but with a few significant positive and negative values.

Students report using elaboration strategies more often than memorisation strategies. In most coun-
tries, the patterns of relationship are similar. On the standard scale, students in Mexico and Turkey,

and the partner countries Brazil, Serbia, Thailand and Tunisia, show the highest positive levels

Mathematics Teaching and Learning Strategies in PISA © OECD 2010

Y]
.U
-+

)

I

L
a.

=)

o

™~

>~
i~

9]
a.

A

2

v

oy
0o
-

[

.U
o
£
=)

o

™~

Vsl

oy
0o

v

jo)

)

o

0
U

143



v
.U
-+
v
a5
A
a
=
c
[av)

>~
i~
0
a
RS
2
2l
c
o
=
T
4U

o
£
=
c
[av)
"
c
0o
2l
>
v
c
o]
U

144

of use of this strategy, while those in Japan and Korea show the highest negative levels. Within-
country correlations are mostly small but the between-country correlation is strongly negative. This
tendency would seem to be confirmed by students’ self-reports on control strategies, where again
students in Mexico and the partner countries Brazil and Tunisia, along with those in Austria and the
partner country Serbia, are the most likely to say they controlled their learning. Control strategies
differ from the other two meta-cognitive strategies in that in some countries there is a correlation
between the adoption of such strategies and performance, even after adjusting for other factors.
However, this result applies to only one-half of these countries, and the correlation is negative as

often as positive.

Co-operative and competitive learning situations

In this report indices of co-operative learning and of competitive learning strategies derive from
student responses to PISA items asking whether students prefer working with others or helping
others or whether they want to be the best or do better than others. Overall, a majority of students
in most countries tend to agree with statements reflecting both of these strategies, suggesting that
these strategies may not be opposites on a single continuum. Indeed, these indices correlate posi-
tively with each other in most countries. Students in Japan showed much less enthusiasm for either
strategy than elsewhere in the OECD, while students in the partner countries Brazil and Tunisia
were strongly positive on both. Students who engage in competitive learning tend to be among the
higher achievers in many countries, but this effect disappears once other characteristics of these
students have been taken into account. Co-operative learning does not correlate with achievement

at either level.

TEACHING STRATEGIES

Disciplinary climate

Across the group of countries studied, disciplinary climate is the teaching and learning factor that
has the strongest correlation with performance. This correlation remains positive and significant
in most countries even after adjusting for other factors. Japan and the Russian Federation have the
most positive disciplinary climate, and Brazil the most negative. Overall the average scores on this

variable do not differ greatly across countries.

In contrast, within-country differences in disciplinary climate are a key issue. One of the most
important findings of this study is that disciplinary climate is not only the teaching and learning
factor with the closest link to performance, but also the one in which differences across schools
are particularly high. (Although reported by students individually, this factor was aggregated to
the school level.) Moreover, the correlation between disciplinary climate and achievement is much
higher at the school than at the student level. These results show that if school systems are to pro-
vide equal learning opportunities to all of their students, it is very important to improve the disci-

plinary climate in those schools where it is poor.

Teacher support and student-teacher relations

The index of student-teacher relations comprises items that closely resemble those for teacher sup-
port, dealing with the extent to which students get along with teachers, whether teachers listen

to students and whether teachers treat students fairly. A majority of students in most countries are
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of the view that their teachers support them. However, there is more variation across countries
in this factor than in disciplinary climate. The highest average levels of teacher support arise in
Mexico and Turkey, and the partner countries Brazil and Thailand, while the lowest levels occur
in Austria, Germany, Japan and Luxembourg. Teacher support correlates mainly negatively with
achievement within countries and most of the model effects are negative, suggesting that support
intentionally concentrates on weaker students. Several western European countries show positive
effects for student-teacher relations while several eastern European countries, along with Mexico
and the partner countries Thailand and Tunisia, show negative effects. One possible explanation for
these findings is that in some countries teachers focus on those students who need it most, provid-

ing more support to low performing students.

CONCLUSION

This study shows that there are wide variations across countries in the average values of the PISA
variables measuring teaching and learning strategies and in the level of diversity among schools in
values of these variables within countries. There is some evidence of clustering of countries with
similar cultural features or with similar school systems. For example, a few countries show con-
sistent patterns of high diversity across schools, suggesting a highly decentralised school system.
However, these clusters do not seem to be clearly linked to mathematics achievement. In some
cases, the patterns indicate unusual teaching and learning patterns, such as the relatively high
homework levels in some low-achieving countries, which appear to conflict with the overall results
for these variables. In other cases, such as the high level of memorisation in some low-achieving
countries, the between-country differences are consistent with the overall achievement effects for
these variables. In general, the absolute values of the variables across countries appear to be of less

importance than their relative values within countries.
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Table A.1
Instructional weeks per year: mean, standard deviation and percentile distribution among schools

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

Italy

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Schools at the ..

Standard 5th 25th 50th 75th 95th
Mean deviation percentile percentile percentile percentile percentile
Mean S.E. | S.D. S.E. p5 S.E. p25 S.E. p50 S.E. p75 S.E. p95 S.E.
394 (0.1) | 1.8 (0.1) | 36.0 (0.0) | 39.0 (0.5) | 40.0 (0.0) | 40.0 (0.0) | 41.0 (0.3)
367 (0.8) | 92 (1.0) | 10.0 (0.0) | 38.0 (0.5) | 40.0 (0.4) | 40.0 (0.4) | 43.0 (0.0)
362 (0.2) | 3.2 (0.2) | 30.0 (0.3) | 36.0 (0.4) | 38.0 (0.9 | 38.0 (0.9) | 40.0 (0.0)
38.6  (0.2) | 3.0 (0.3)] 350 (1.3) | 38.0 (1.0) | 40.0 (0.0) | 40.0 (0.0) | 41.0 (0.7)
410 (0.2) | 2.2 (0.2) | 37.0 (0.9) | 40.0 (0.0) | 43.0 (0.0) | 43.0 (0.0) | 44.0 (0.0)
396 (0.1) | 1.5 (0.3) | 36.0 (1.3) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0)
38.1 (0.0) | 0.5 (0.1) | 38.0 (0.0) | 38.0 (0.0) | 38.0 (0.0) | 38.0 (0.0)| 39.0 (0.9
m m m m m m m m m m m m m m
397 (0.2) | 24 (0.2) | 36.0 (0.5) | 38.0 (0.0) | 42.0 (1.3) | 42.0 (1.3) | 43.0 (1.5)
343 (0.2) | 1.9 (0.3) ]300 (0.8) | 35.0 (0.0) | 35.0 (0.0) | 35.0 (0.0) | 35.0 (0.0)
36.6 (0.) | 1.1 (0.2) | 350 (1.3) | 36.0 (0.0) | 37.0 (0.0) | 37.0 (0.0) | 37.0 (0.7)
367 (0.0)| 1.0 (0.0) | 35.0 (0.0) | 36.0 (0.0) | 37.0 (0.0) | 37.0 (0.0) | 38.0 (0.0)
330 0.2) | 1.9 (0.3) ] 30.0 (0.8) | 33.0 (0.0) | 340 (0.0) | 340 (0.0) | 36.0 (1.1)
335 (0.2) | 1.8 (0.2) | 300 (27) | 33.0 (0.0)| 340 (0.0)| 340 (0.0)| 37.0 (1.6)
389 (0.3) | 44 (0.2)] 320 (2.8) | 35.0 (0.0)| 43.0 (1.0) | 43.0 (1.0) | 45.0 (0.0)
356 (0.3) | 3.1 (0.5) | 32.0 (1.8) | 340 (0.0) | 37.0 (0.0) | 37.0 (0.0) | 41.0 (0.9
36.0 (0.0) | 0.0 (0.0)| 36.0 (0.0) | 36.0 (0.0)| 36.0 (0.0)| 36.0 (0.0)| 36.0 (0.0)
23.9 (0.7) | 8.0 (0.6) | 17.0 (1.1) | 20.0 (1.3) | 23.0 (1.6) | 23.0 (1.6) | 42.0 (1.8)
381 (0.2) | 21 (0.1) | 340 (1.5) | 36.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0
36.0 (0.1) | 2.0 (0.1) | 33.0 (0.5) | 35.0 (0.2) | 38.0 (1.4) | 38.0 (1.4)| 40.0 (0.0
38.0 (0.0) | 0.0 (0.0)| 38.0 (0.0) | 38.0 (0.0)| 38.0 (0.0)| 38.0 (0.0)| 38.0 (0.0
383 (0.2) | 2.2 (0.2) | 36.0 (0.7) | 37.0 (0.0) | 40.0 (0.5) | 40.0 (0.5) | 42.0 (0.0)
354 (0.2) | 2.5 (0.4) | 32.0 (0.6) | 35.0 (0.8) | 36.0 (0.0) | 36.0 (0.0) | 40.0 (2.3)
392 (0.3) | 40 (0.2) | 33.0 (0.0) | 36.0 (1.8) | 43.0 (0.0) | 43.0 (0.0) | 44.0 (0.0)
354 (0.2) | 22 (0.2) | 32.0 (0.0) | 350 (1.0) | 36.0 (1.7) | 36.0 (1.7) | 39.0 (1.4)
366 (0.1) | 17 (0.2)| 340 (0.9 | 36.0 (0.0)| 37.0 (1.0) | 37.0 (1.0) | 40.0 (0.0)
392 (0.1) | 1.3 (0.2) | 37.0 (0.0) | 39.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0)
357 (0.3) | 3.5 (0.6) | 28.0 (5.8) | 36.0 (0.4) | 37.0 (0.0)| 37.0 (0.0) | 39.0 (1.3)
36.0 (0.0) | 0.7 (0.1) | 35.0 (0.0) | 36.0 (0.0)| 36.0 (0.0) | 36.0 (0.0)| 37.0 (0.0)
367 00 | 24 ©1 | 325 ©3]|39 ©n]|378 ©1|378 ©D] 399 02
40,6 (0.2) | 2.1 (0.3)] 390 (1.4) | 400 (0.0) | 4.0 (0.8) | 41.0 (0.8) | 45.0 (0.4
354 (04) | 49 (0.2) | 28.0 (1.0) | 31.0 (1.3) | 40.0 (0.0) | 40.0 (0.0) | 42.0 (0.2
400 (04) | 5.0 (04 [33.0 (1.4 | 370 (1.0) | 43.0 (0.9 | 43.0 (0.9) | 48.0 (0.8)
349 (0.1) | 0.8 (0.1) | 340 (0.9) | 35.0 (0.0) | 35.0 (0.0) | 35.0 (0.0) | 36.0 (0.2)
390 (0.0) | 0.8 (0.0) | 38.0 (0.0)| 38.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0)
392 (0.0) | 2.8 (0.0) | 36.0 (2.0) | 38.0 (0.0)| 41.0 (0.0) | 41.0 (0.0) | 42.0 (0.0)
350 (0.2) | 2.2 (0.2) | 33.0 (1.3) | 340 (0.0) | 35.0 (1.3) | 35.0 (1.3) | 40.0 (0.0)
371 0.y | 1.3 (0.3) | 35.0 (0.0) | 37.0 (0.0) | 37.0 (0.0) | 37.0 (0.0) | 39.0 (0.0)
397 (0.1) | 1.1 (0.1) | 36.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0) | 40.0 (0.0)
319 (03) | 3.6 (0.3) | 26.0 (1.1) | 30.0 (0.0) | 33.0 (1.2) | 33.0 (1.2) | 38.0 (1.0
339 0.2) | 2.5 (0.1) [ 30.0 (0.0) | 32.0 (0.0) | 36.0 (0.0) | 36.0 (0.0) | 37.0 (0.0
378 (0.1) | 1.4 (0.2) | 35.0 (0.4) | 38.0 (0.0) | 38.0 (0.0) | 38.0 (0.0) | 39.0 (0.0)

1. Response rate too low to ensure comparability.
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Table A.2

Instructional hours in school week: mean, standard deviation and percentile distribution among schools

Schools at the ...

Standard 5th 25th 50th 75th 95th

Mean deviation percentile percentile percentile percentile percentile
Mean S.E. | SD. SE. | p5 SE. | p25 SE. | ps0 SE. | p75 SE. | p95 S.E.

OECD
Australia| 241 (0.1) | 5.6  (0.1) | 140 (0.4) | 23.0 (0.3) | 26.3 (0.3) | 26.3 (0.3) | 31.0 (1.0
Austria| 27.2 (0.3) | 7.6 (0.3)| 7.5 (1.1) | 250 (0.8) | 31.7 (0.2) | 317 (0.2) | 37.5 (1.3)
Belgium| 26.9 (0.1) | 44 (0.) [ 18.5 (14) | 267 (0.0) [ 292 (1.0) | 29.2 (1.0) | 30.0 (0.0)
Canada| 23.6  (0.1) | 74 (©0.1) | 54 (0.3)] 233 (0.3)| 257 (0.1) | 257 (0.1) | 32.1 (0.7
Czech Republic| 23.6  (0.1) | 1.8 (0.1) | 20.8 (0.7) | 225 (0.0) | 24.8 (0.0) | 248 (0.0) | 27.0 (0.5
Denmark| 221 (0.2) | 5.1 (0.4) | 150 (0.0) | 21.0 (0.0) | 23.3 (0.0) | 23.3 (0.0) | 29.3 (1.0
Finland| 22.6 (0.1) | 2.0 (0.1) | 20.3  (0.2) | 22.5 (0.0) | 23.3 (0.0) | 23.3 (0.0) | 25.5 (0.2)
France| 24.8 (0.2) | 7.0 (0.1) | 92 (0.8) | 229 (0.8) | 290 (0.7) | 29.0 (0.7) | 33.0 (0.4)
Germany| 22.6 (0.1) | 3.7 (0.2) [ 173 (1.0) | 21.8 (0.0) | 24.0 (0.0) | 24.0 (0.0) | 27.0 (0.0)
Greece| 235 (0.1) | 1.4 (0.0) | 22.5 (0.0) | 22.5 (0.0) | 25.5 (0.0) | 25.5 (0.0) | 26.3 (0.0)
Hungary| 23.9 (0.1) | 2.9 (0.) | 20.8 (0.6) | 22.5 (0.0) | 24.9 (0.8) | 24.9 (0.8) | 27.8 (0.8)
leeland| 26.1  (0.1) | 6.9 (0.1) | 20.0 (0.7) | 24.0 (0.0) | 26.0 (0.2) | 26.0 (0.2) | 48.0 (1.1
Ireland| 274  (0.1) | 4.8 (0.2) | 187 (1.4) | 267 (0.1) | 30.0 (0.0) | 30.0 (0.0) | 30.0 (0.6)
ltaly| 264 (0.3) | 7.6 (0.2)| 9.0 (1.0) | 248 (0.4) | 30.0 (0.7) | 30.0 (0.7) | 35.0 (0.4)
Japan| 23.8  (0.2) | 67 (0.2) | 75 (0.6) | 240 (0.7) | 27.1 (0.5) | 27.1 (0.5 | 317 (0.8)
Korea| 30.2 (0.3) | 83 (0.3)| 7.5 (1.2) | 292 (0.0) | 342 (1.1) | 342 (1.1) | 40.8 (1.2)
Luxembourg| 24.1 (0.1) | 4.8 (0.1) | 108 (1.6) | 250 (0.0) | 25.8 (0.2) | 25.8 (0.2) | 26.7 (0.3)
Mexico| 24.0 (0.3) | 9.8 (0.1) | 6.0 (0.2) | 17.5 (1.2) | 30.0 (0.0) | 30.0 (0.0) | 37.5 (0.3)
Netherlands| 23.9 (0.2) | 4.9 (0.2) | 133 (1.2) | 22.5 (0.0) | 26.7 (0.0) | 267 (0.0) | 29.2  (0.0)
New Zealand| 23.5 (0.1) | 5.5 (0.2) | 9.0 (1.3)] 229 (0.0) | 250 (0.0) | 25.0 (0.0) | 30.0 (0.8)
Norway| 221 (0.1) | 4.0 (0.1) | 150 (0.8) | 225 (0.1) | 22.5 (0.0) | 22.5 (0.0) | 27.0 (0.1)
Poland| 22.9 (0.1) | 3.4 (0.1) | 18.8 (0.0) | 22.5 (0.3) | 24.0 (0.0) | 24.0 (0.0) | 27.0 (0.2)
Portugal| 25.1 (0.3) | 8.0 (0.4 | 128 (0.7) | 22.5 (0.2) | 267 (0.6) | 26.7 (0.6) | 45.0 (1.4)
Slovak Republic| 23.5  (0.1) | 3.7 (0.2) | 18.0 (0.7) | 225 (0.3) | 249 (0.8) | 249 (0.8) | 27.8 (0.6)
Spain| 264 (0.1) | 49 (0.2) | 150 (1.6) | 250 (0.0) | 293 (0.2) | 293 (0.2) | 31.5 (0.8)
Sweden| 22,5 (0.2) | 5.4 (0.2) | 13.3  (0.3) | 20.0 (0.0) | 25.0 (0.0) | 25.0 (0.0) | 30.0 (1.4)
Switzerland| 24.1  (0.3) | 4.9 (0.5) | 13.3  (3.5) | 23.5 (0.7) | 26.7 (0.5) | 267 (0.5) | 29.3 (0.1
Turkey| 23.1 (0.3) | 6.2 (0.5)| 87 (0.7)| 213 (0.0) | 26.7 (1.0) | 26.7 (1.0) | 30.0 (0.0)
United States| 22.1  (0.3) | 113 (0.2) | 53 (0.2)| 9.6 (1.4) | 30.0 (0.0) | 30.0 (0.0) | 358 (1.6)
OECD average| 244 (0.0) | 55 (0.0) | 137 (02 | 228 (0. | 268 (0.1) | 268 (1) | 316 (0.1)

Partners
Brazil| 19.0 (0.2) | 6.1 (0.2) | 6.7 (0.1) | 167 (0.0) | 209 (0.6) | 20.9 (0.6) | 26.5 (0.8)
Hong Kong-China| 26.5 (0.2) | 6.8 (0.2) | 7.5 (0.7)| 233 (03) | 31.5 (0.7) | 31.5 (0.7) | 35.0 (0.8)
Indonesia m m m m m m m m m m m m m m
Latvia| 23.9 (0.2) | 41 (0.6) | 20.0 (0.0) | 23.3 (0.3) | 247 (0.0) | 247 (0.0) | 28.0 (0.4)
Liechtenstein| 27.1  (0.2) 3.2 0.4) | 240 (0.6) | 26.3 (0.0) | 28.5 (0.0) | 28.5 (0.0) | 30.8 (0.2)
Macao-China| 26.9 (0.1) | 4.9 (0.3) [ 20.7 (2.0 | 26.0 (0.2) | 293 (0.0) | 293 (0.0) | 32.0 (1.1)
Russian Fed.| 23.8 (0.2) | 5.2 (0.4) | 173 (1.1) | 21.3 (0.0) | 26.2 (0.8) | 26.2 (0.8) | 30.0 (0.4
Serbia| 23.7  (0.1) | 46 (0.2) | 16,5 (1.9) | 22.5 (0.0) | 25.5 (0.0) | 25.5 (0.0) | 28.5 (0.5)
Thailand| 30.5 (0.2) | 37 (0.2) | 250 (1.2) | 292 (0.0) | 33.3 (0.6) | 33.3 (0.6) | 36.7 (0.5)
Tunisia| 27.6  (0.2) | 6.5 (0.2) | 13.0 (27) | 26.0 (0.0) | 30.0 (0.5) | 30.0 (0.5) | 36.0 (1.4)
Uruguay| 21.6  (0.3) | 6.5 (0.2) | 9.0 (0.7) | 187 (0.7) | 26.0 (0.9) | 26.0 (0.9) | 30.8 (1.4
United Kingdom'| 24.6  (0.1) | 5.1 (0.2) | 170 (1.8) | 25.0 (0.3) | 25.0 (0.0) [ 25.0 (0.0) | 30.0 (0.0)

1. Response rate too low to ensure comparability.
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Table A.3
Index of total instructional hours per year: mean, standard deviation and percentile distribution among schools

Schools at the ...
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OECD
Australia
Austria
Belgium
Canada
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Iceland
Ireland

Italy

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Mean

Standard

deviation

5th
percentile

25th
percentile

50th
percentile

75th
percentile

95th
percentile

Mean S.E.

S.D. S.E.

p5

S.E.

p25  S.E.

p50  S.E.

p75 S.E.

p95  S.E.

952.5  (5.4)
991.4 (18.7)
968.6 (6.4)
909.7 (5.3)
930.1 (5.5)
857.6  (6.1)
860.5 (2.5)

m m
901.5 (5.6)
805.6 (5.1)
876.8 (3.9)
953.4 (3.0)
9033 (6.7)
884.0 (9.8)
931.1 (12.5)
1073.9 (15.1)
865.9 (2.9)
564.3 (17.1)
911.4 (7.8)
845.4 (4.8)
840.3  (4.4)
876.9 (5.3)
881.9 (12.9)
917.0 (7.3)
9374 (7.6)
822.5 (8.9)
951.9 (7.0
812.5 (15.7)
803.9 (11.4)

888.3 (1.7)
769.1  (9.1)
936.2 (13.4)
m m
824.9 (4.4)
1059.5  (6.2)
10554 (5.8)
835.0 (12.5)
883.9 (5.5)
1210.1  (7.4)
835.4 (12.0)
727.8 (12.9)

930.6 (4.3)

2262 (6.0)
353.6 (14.9)
179.8  (5.6)
295.9  (4.7)
77.0  (3.9)
163.7 (13.0)
779 (3.9)

m m
144.6 (7.2)
64.0 (5.0)
106.5 (5.0
2498 (3.3)
166.6  (5.7)
256.9 (7.7)
2857 (8.5)
312.3 (12.7)
176.4  (4.9)
305.9 (18.2)
1945 (7.9)
197.5  (6.1)
1517 (5.1
140.8  (4.9)
2877 (14.0)
1655 (7.9)
182.9 (6.9)
2004 (7.6)
1763 (7.9)
238.9 (19.7)
403.4  (6.1)

206.0 (1.7)
251.6 (7.5)
277.8 (8.1
m m
114.8  (4.8)
118.4 (16.1)
2044 (9.7)
208.4 (26.4)
162.0 (7.2)
152.3  (7.5)
2254 (11.5)
232.6  (8.1)

190.3  (7.0)

546.0
285.0
671.7
215.0
780.0
600.0
769.5
m
684.0
697.5
749.3
760.0
612.0
300.0
273.3
255.0
390.0
128.3
506.7
348.3
570.0
702.0
437.5
693.0
551.3
490.0
540.0
317.3
194.0

507.3

260.0
266.7
m
700.0
940.5
738.0
612.0
682.5
936.0
304.0
288.8

646.0

(24.2)
(23.2)
(15.5)

(8.4)
(21.6)

*.3)

(6.3)

m

(25.3)
(33.5)

(8.2)
(17.6)
(30.3)
(26.3)
(23.2)
(13.2)
(49.2)

©6.5)
(39.9)
(48.8)
BL.1)
(10.8)
(11.7)
(12.2)
(34.5)
(21.6)
(19.1)

(6.6)

(4.2)

4.7)

(13.2)
(21.7)
m

(0.0)
(26.1)
(34.2)
(26.4)
(29.8)
(53.5)
(71.1)
(22.4)

(51.6)

900.0 (0.0)
900.0 (35.2)
925.0 (26.0)
871.2 (7.9)
900.0 (3.3)
840.0 (14.1)
855.0 (0.0)

m m
848.3 (12.4)
787.5  (0.0)
832.5 (0.0)
864.0 (0.8)
866.3 (12.3)
820.4 (9.8)
845.8 (17.9)
991.7 (21.8)
900.0 (0.0)
375.0 (18.8)
840.0 (11.5)
8167 (3.9)
855.0 (2.5)
832.5 (7.2)
765.0 (13.8)
826.5 (18.2)
886.5 (15.8)
720.0 (3.9)
912.0 (2.7)
746.7 (22.6)
378.0 (59.8)

821.4 (3.3)
666.7 (4.3)
798.0 (19.3)
m m
793.3 (14.0)
997.5  (0.0)
1014.0 (14.5)
7253 (18.9)
832.5 (0.0)
1166.7  (0.0)
756.0 (16.6)
600.0 (11.2)

918.3 (15.1)

1025.0 (15.6)
1233.3 (16.3)
1066.7 (6.5)
10238 (9.9)
967.5 (8.6)
900.0 (18.9)
883.5 (0.0)

m m
966.6 (10.4)
813.8 (46.2)
915.8 (6.2)
9373 (0.0)
990.0 (2.1)
1023.0 (9.3)
1105.7 (12.3)
1225.0 (17.7)
930.0 (20.6)
666.7 (28.6)
1020.0 (11.4)
924.0 (15.9)
855.0 (0.0)
936.0 (10.1)
935.0 (15.5)
999.8 (20.5)
1045.0 (7.3)
910.0 (12.2)
1050.0 (3.1)
933.3 (25.1)
1080.0 (19.4)

976.3  (3.0)

891.8 (19.9)
1114.8 (14.0)
m m
863.3 (2.6)
1140.0 (9.8)
1148.0 (6.2)
899.9 (23.9)
943.5 (11.2)
1300.6 (32.5)
928.0 (16.9)
864.0 (16.5)

950.0 (0.0)

1025.0 (15.6)
1233.3 (16.3)
1066.7 (6.5)
1023.8  (9.9)
967.5  (8.6)
900.0 (18.9)
883.5  (0.0)

m m
966.6 (10.4)
813.8 (46.2)
915.8 (6.2)
937.3 (0.0)
990.0 (2.1)
1023.0 (9.3)
1105.7 (12.3)
1225.0 (17.7)
930.0 (20.6)
666.7 (28.6)
1020.0 (11.4)
924.0 (15.9)
855.0 (0.0
936.0 (10.1)
935.0 (15.5)
999.8 (20.5)
1045.0 (7.3)
910.0 (12.2)
1050.0 (3.1)
933.3 (25.1)
1080.0 (19.4)

976.3  (3.0)
891.8 (19.9)
1114.8 (14.0)
m m
8633 (2.6)
1140.0  (9.8)
1148.0  (6.2)
899.9 (23.9)
943.5 (11.2)
1300.6 (32.5)
928.0 (16.9)
864.0 (16.5)

950.0 (0.0)

1240.0 (34.1)
1397.5 (32.5)
11717 (25.7)
1260.0 (21.7)
1050.0 (7.5)
1050.0 (32.5)
969.0 (13.1)

m m
1102.5 (19.8)
918.8 (0.0)
1026.0 (27.4)
1728.0 (39.2)
1050.0 (20.6)
1188.0 (5.4)
1300.0 (36.3)
1541.7 (46.4)
972.0 (25.0)
1200.0 (33.9)
11333 (4.2)
1023.2 (23.6)
1026.0 (2.8)
1054.5 (19.5)
1522.5 (93.5)
1161.0 (15.8)
1140.0  (7.7)
1166.7 (68.8)
1140.8 (28.8)
1080.0 (35.2)
1282.5 (49.0)

11725 (6.2)
1102.5 (37.7)
1306.7 (10.6)
m m
956.7 (27.8)
1230.0 (11.2)
1260.0 (19.8)
1080.0 (29.4)
1069.5 (19.7)
1466.7 (27.6)
1120.0 (32.3)
1071.0 (28.2)

1108.3 (20.8)

1. Response rate too low to ensure comparability.
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Table A .4

Hours per week of mathematics instruction: mean, standard deviation and percentile distribution among schools

Schools at the ...

Standard 5th 25th 50th 75th 95th
Mean deviation percentile percentile percentile percentile percentile
Mean S.E. S.D. S.E. p5 S.E. p25 S.E. p50 S.E. p75 S.E. p95 S.E.
OECD
Australia| 3.8 (0.0) | 1.4 (0.1) | 23 (0.0)| 3.3 (0.0)| 42 (1) | 42 (©.1)| 6.0 (0.2)
Austria| 2.8 (0.1) | 1.6 (0.1) | 0.8 (0.0)| 1.7 (0.1) | 3.3 (0.0)] 33 (0.0)| 50 (0.4)
Belgium| 3.3 (0.0) | 14 (0.) | 0.8 (0.0)| 2.5 (0.0)| 42 (0.0)| 42 (0.0)| 50 (0.1)
Canada| 3.7 (0.0) [ 2.7 (0.0) [ 0.0 (0.0)| 1.3 (0.1) | 58 (0.2) | 5.8 (0.2) | 6.7 (0.1)
Czech Republic| 2.8 (0.0) | 0.8 (0.0) | 1.5 (0.0) | 2.3 (0.0) | 3.0 (0.0)| 3.0 (0.0)| 3.8 (0.4
Denmark| 3.4 (0.0) | 1.3 (0.1) | 2.3 (0.0) | 3.0 (0.0)| 3.8 (0.0)| 3.8 (0.0) | 53 (0.1
Finland| 2.6 (0.0) | 1.2 (0.1) | 0.0 (0.0)| 23 (0.0)| 3.0 (04 | 3.0 (04| 45 (0.0
France| 3.5 (0.0)| 1.3 (0.1) | 1.5 (07)| 2.8 (0.0)| 37 (0.0)| 37 (0.0)| 46 (0.0
Germany| 3.0 (0.0) | 14 (O.) | 15 (04 | 23 (0.0)| 3.0 (0.0)| 3.0 (0.0)| 45 (0.0)
Greece| 3.1  (0.0) | 0.7 (0.0)| 2.3 (0.0) | 3.0 (0.0)| 3.8 (0.0)| 3.8 (0.0)| 3.8 (0.0
Hungary| 2.7 (0.0) | 0.8 (0.1) | 2.3 (0.0) | 2.3 (0.0) | 3.0 (0.0)| 3.0 (0.0)| 3.8 (0.0
Iceland| 4.2 (0.0) | 1.4 (0.1) | 3.3 (0.0)| 3.3 (0.0) | 42 (0.2)| 42 (0.2) | 77 (0.6)
Ireland| 3.2 (0.0)| 1.2 1) | 20 (0.0)] 29 (0.2)| 33 (0.0)] 33 (0.0 | 40 (0.0
faly| 3.5 (O.) | 1.6 (O | 0.9 (©1) | 2.8 (0.1)| 42 (0.0)| 42 (0.0)| 53 (0.3
Japan| 3.6 (0.1) 1.7 (0.1) | 09 (0.8)| 2.5 (0.0) | 43 (0.3)| 43 (0.3)| 5.8 (0.0
Korea| 4.1 (0.1) | 1.8 (0.1) | 2.5 (0.0) | 3.3 (0.0) | 42 (0.1) | 42 (0.1) | 6.7 (0.6)
Luxembourg| 3.3 (0.0) | 1.5 (0.1) 1.7 (0.0) | 3.3 (0.0)| 3.3 (0.0)| 3.3 (0.00| 50 (0.0
Mexico| 4.0 (0.1) | 2.6 (0.2) | 1.1 (0.3) | 3.0 (0.3)| 42 (0.0)| 42 (0.0)| 7.5 (0.5
Netherlands| 2.5 (0.0) | 1.5 (0.1) | 0.0 (0.0) | 23 (0.2) | 3.0 (0.3)| 3.0 (0.3)| 3.8 (0.2)
New Zealand| 4.0  (0.0) | 1.1 (©.1) | 28 (0.2)| 37 (0.0)| 42 (0.0)| 42 (0.0)| 50 (0.0
Norway| 2.8  (0.1) 1.5 (0.2) | 0.7 (0.8)| 2.3 (0.0)| 3.0 (0.0)| 3.0 (0.0)| 4.5 (0.0
Poland| 3.4 (0.0) | 0.6 (0.0) | 3.0 (0.0) | 3.0 (0.0)| 3.8 (0.0)| 3.8 (0.0) | 4.5 (0.0)
Portugal| 3.3 (0.1) 1.5  (0.1) 1.5 (0.0) | 29 (0.3)| 3.3 (0.0)| 3.3 (0.0)0| 6.0 (0.0
Slovak Republic| 3.3 (0.1) | 1.7 (0.1) | 1.5 (0.0)| 23 (0.6) | 38 (0.0) | 3.8 (0.0) | 45 (0.4
Spain| 2.9 (0.0) | 0.7 (0.0) | 2.0 (0.2)| 2.5 (0.0)| 3.3 (0.0)| 3.3 (0.0)| 40 (0.4)
Sweden| 2.7 (0.0) | 13 (0.2)| 1.7 ©.2)| 25 (0.0)| 3.0 0.0)| 3.0 (0.0)| 40 (0.0
Switzerland| 3.3 (0.1) | 1.4 (0.1) | 0.8 (0.9)| 3.0 (0.0)| 3.8 (0.0)| 3.8 (0.0)| 50 (0.5
Turkey| 3.3 (0.1) .1 (.1 | 2.0 (©7)| 27 (©0.1)| 3.8 (0.0)| 3.8 (0.0)| 53 (0.8)
United States| 3.7  (0.1) | 2.3 (0.1) | 0.7 (0.6) | 2.7 (0.3) | 45 (0.0) | 45 (0.0)| 7.5 (0.0
OECD average| 3.3  (0.0) 1.4  (0.0) 1.6  (0.1) 27 (0.0 | 37 (0.0 | 37 (0.0 | 5.1 ©.1)
Partners
Brazil| 3.5 (O.1) | 1.8 (0.2 | 17 (©1)| 3.0 (02| 42 (0.0)| 42 (0.0)| 50 (0.0)
HongKong-China| 4.5 (0.1) | 1.9 (0.) | 2.0 (04) | 3.5 (0.0)| 53 (0.0)| 53 (0.0)| 7.0 (0.0)
Indonesia| 3.9 (0.1) | 24 (0.1) | 1.3 (©3)| 23 (1| 45 (0.0)| 45 (0.0)] 6.0 (0.0)
Latvia| 3.6  (0.1) 1.3 (0.2) | 2.0 (0.0)| 3.3 (0.0) | 40 (0.0)| 40 (0.0)| 47 (0.0)
Liechtenstein| 3.6  (0.0) [ 0.8 (0.0) | 2.3 (0.0) | 3.0 (0.0)| 3.8 (0.0) | 3.8 (0.0)| 53 (0.0
Macao-China| 4.5 (0.0) | 1.4 (0.1) | 27 (0.0)| 40 (0.0)| 53 (0.0)| 53 (0.0)| 67 (0.5)
Russian Fed.| 3.4 (0.1) | 1.3 (©.1) | 1.5 (0.5 | 2.7 (04 | 40 (0.0)| 40 (0.0)| 53 (0.2)
Serbia| 2.7 (0.0) | 17 (0.2) | 1.5 (©0.7)| 23 (0.0) | 3.0 (0.0)] 3.0 (0.0)| 3.8 (0.0
Thailand| 3.7 (0.0) | 1.1  (0.0) 1.7 (0.0) | 3.0 (04)| 42 (0.2) | 42 (0.2) | 50 (0.1)
Tunisia| 4.2 (0.0) | 1.4 (0.2) | 3.7 (0.2) | 40 (0.0)0 | 40 (0.0)| 40 (0.00 | 5.0 (0.0)
Uruguay| 3.1 (0.1) | 2.2 (0.2) [ 1.3 (0.0) | 23 (0.0) | 3.5 (0.2) | 3.5 (0.2)| 45 (0.0
UnitedKingdom'| 3.4 (0.0) | 14 (0.) | 23 (0.) | 3.0 (0.0) | 3.5 (0.1)| 3.5 (0.1)| 50 (0.3)

1. Response rate too low to ensure comparability.
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Table A.5
Hours per week of homework or other study set by teachers in total: mean, standard deviation and
percentile distribution among schools

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Schools at the ...

Standard 5th 25th 50th 75th 95th
Mean deviation percentile percentile percentile percentile percentile
Mean S.E. S.D. S.E. p5 S.E. p25 S.E. p50 S.E. p75 S.E. p95 S.E.
5.7 (0.1) | 2.1 (0.1) 29 (0.1) | 40 (0.1 | 71 (0.2)| 7.1 (0.2) | 9.6 (0.2)
39 (0| 1.6 ©| 1.5 ©2| 2.8 ©1)| 49 02| 49 (02)| 64 (0.7
61 (01| 24 (1| 24 02| 41 02| 7.6 ©1)| 76 (0.1)|104 (0.5
57 (0.1) | 2.3  (0.1) 26 (0.1) | 40 (O.1) | 71 (0.3) | 7.1  (0.3) | 10.1  (0.2)
3.8 (0.1 1.7 (0.2) 1.8 (0.1) | 2.6 (0.2) | 46 (0.2) | 46 (0.2) | 6.5 (0.3)
54 (0.1) 1.4 (0.1) 3.5 (0.1) | 45 (0.1) | 6.0 (0.2) | 6.0 (0.2)| 74 (0.3)
37 (01 | 09 (00| 23 ©1| 3.0 ©1| 42 ©1| 42 ©1| 53 (0.2
67 (01| 1.9 ©1| 38 04| 53 ©1| 81 02| 81 (02| 98 (0.1
62 O | 17 1| 32 02| 49 02| 74 ©1)| 74 (01| 8.9 (0.3
83 (0.2) | 2.7 (0.1) 34 (04| 59 (0.8) [10.2 (0.3) | 10.2 (0.3) | 12.3  (0.5)
99 (0.2) | 34 (0.2)| 41 (03)| 77 (04 | 124 (0.2) [ 124 (0.2) | 153 (0.1)
4.6 (0.0) 1.5  (0.0) 24 (0.0) | 34 (0.0)| 57 (0.0)| 57 (0.0 | 7.2 (0.0
77 02| 20 ©1| 47 ©3)| 63 ©1| 91 02| 91 (0.2)]106 (0.5)
105 (0.2) | 43 (0.2)| 3.6 (0.8) | 7.5 (0.3) 134 (0.3) | 134 (0.3) | 187 (1.1
38 (0.2 33 (04| 1.0 (01| 1.8 (©1)| 46 (0.6)| 46 (0.6)| 95 (1.3
35 0) | 17 ©4 | 1.5 0.0)] 25 02| 43 (01| 43 ©1) | 57 (0.6
6.0 (0.0) 1.0 (0.0)| 48 (0.0)| 54 (0.0 | 69 (0.00| 69 (0.0)| 7.5 (0.0
57 (0.1) | 2.5 (0.1) 21 (0.2) | 40 (0.2)| 73 (04)| 73 (04) |10.0 (0.5
57 (00| 23 ©1) | 25 (01| 36 (02)| 74 (02| 74 (02)| 95 (0.3)
45 O | 16 O | 24 02| 34 1| 53 02| 53 02| 73 (0.2
48 01| 13 ©n| 30 02| 39 02| 56 ©1H| 56 (01| 71 (0.3
81 (0.2) | 2.1 (0.1) 52 (0.1) | 63 (0.2) | 93 (0.2) | 9.3 (0.2) | 11.8 (0.2)
49 (0.1) 1.3 (0.1) 28 (0.2) | 39 (0.1) | 59 (0.1) | 59 (0.1) | 7.1 (0.3)
83 (0.2) | 2.6 (0.1) 50 (04)| 6.6 (0.1) | 97 (0.6)| 97 (0.6)| 129 (0.3)
7.3 (0.1) | 2.1 (0.1) 45 (0.3)| 59 (0.1)| 84 (0.2) | 84 (0.2) | 11.6 (0.6)
39 (00 | 1.2 ©1) | 24 1| 31 ©1) | 44 (01| 44 (©1) | 65 (0.6)
45 ©1 | 15 1| 26 ©1| 35 (1| 54 (02| 54 02| 7.0 (O
5.8 (0.2) 1.7 (0.2) 36 (0.3) | 47 (0.2)| 68 (04)| 6.8 (04| 91 (0.9
56 (0.1) | 2.2 (0.1) 26 (0.2) | 40 (O.1) | 69 (03)| 69 (03)| 94 (0.3)
59 (.0) | 20 (0.0) 3.1 (0.0) | 44 (0.0) 7.1 (0.0) 7.1 (0.0) 9.3  (0.1)
48 O | 1.8 1| 23 ©3)] 35 (1] 58 (02| 58 (02| 82 (10
67 (02| 28 (01| 22 (03| 45 04| 83 (04| 83 (04 [11.9 (07
m m m m m m m m m m m m m m
94 (02| 22 O] 57 (03)] 80 (0.2)]11.0 (04 |11.0 (04 |12.9 (0.5
44 (0.0) 1.1 (0.0) 27 (0.0)| 3.6 (0.0)| 54 (0.0)| 54 (0.00| 54 (0.0
78 0.0)| 3.1 (0.0)| 37 (0| 57 (0.0)| 94 (0.0)] 94 (0.0)]13.0 (0.0)
127 (03)] 3.1 (02)| 69 (0.6) 106 (0.6) 148 (0.3) 148 (0.3) | 17.6 (0.8
52 (0.2 ] 22 (03)| 25 02| 37 (03)| 60 (0.6 | 60 (0.6)| 93 (1.0
6.9 (0.2)] 2.6 (1) | 3.5 (©3)| 48 (03| 87 (©4 | 87 (0.4 |11.5 (0.5
47 D] 19 ©n | 24 ©2| 33 ©n] 57 ©3)| 57 ©3)] 85 (0.4
6.7 (0.1) | 2.0 (0.1) 3.6 (0.3) | 55 (0.2)| 77 (0.3) | 77 (0.3)]10.3 (0.3)
6.0 (0.1) | 2.0 (0.1) 34 (0.1 | 43 (0.2 73 (0.2) | 7.3 (0.2) | 9.5 (0.3)

1. Response rate too low to ensure comparability.
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Table A.6
Hours per week of homework or other study set by mathematics teachers: mean, standard deviation and
percentile distribution among schools

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

Italy

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong- China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Schools at the ...

Standard 5th 25th 50th 75th 95th
Mean deviation percentile percentile percentile percentile percentile
Mean S.E. | S.D. S.E. p5 S.E. p25 S.E. p50  S.E. p75 S.E. p95 S.E.
23 (0.0)| 0.8 (0.0)| 1.1 O | 17 (0.0 | 29 (0.0)] 2.9 (0.0 | 3.8 (0.1
1.7 (0.0) | 0.6 (0.0) | 0.7 (0.1) 1.3 (0.1) | 2.1 (0.1) | 2.1 0.1) | 2.9 (0.2)
2.2 (0.0) | 0.8 (0.0 1.0 (0.1) 1.7 (0.0) | 2.6 (0.1) | 2.6 (0.1) | 3.7 (0.2)
2.8 (0.1) 1.1 (0.0)| 14 (0.1) | 21 0.1 | 3.5 (0.1) | 3.5 (0.1) | 48 (0.1)
17 0.0)| 0.6 (0.1) | 09 (1) | 1.2 (0.1)| 20 (0.0 | 2.0 (0.0) | 2.8 (0.2)
26 (0.0)| 07 O | 15 (02| 22 ©n |29 ©n| 29 ©1| 37 ©1
1.5 0.0)| 04 (0.0)] 09 (0.0)| 1.2 (0.0)| 17 (0.0)| 1.7 (0.0)] 2.1 (.1
2.5 (0.0) | 0.7 (0.0) | 1.5 (0.1) | 2.1 0.1 | 29 (©.1) | 29 (0.1) | 3.8 (0.2)
26 (0.1) | 0.7 (0.1) 1.5 (0.1) | 2.1 (0.0) | 3.1 0.1) | 3.1 (0.1) 3.7 (0.3)
3.3 (0.1 1.0 (0.0)| 1.6 (0.1)| 2.7 (0.1) | 40 (0.1) | 40 (0.1) | 49 (0.2)
33 (0.) | 08 (0.0)| 20 (02| 28 (1) | 3.8 (0.0)| 3.8 (0.0)| 43 (0.1
23 (0.0)| 07 (0.0)| 1.1 (0.0)| 1.8 (0.0)| 27 (0.0)| 27 (0.0)| 3.6 (0.0)
28 (01| 06 (0.0)| 1.9 (©1 | 24 (©1| 32 ©1| 32 1| 40 (.1
3.5 (0.1) 1.2 (0.1) 1.7 (0.1) | 27 (0.1) | 43 (0.2) | 43 (0.2) | 53 (0.3)
1.9  (0.1) 1.5 (0.2) | 0.6 (0.2) 1.0 (0.0) | 2.5 (0.3)| 2.5 (0.3)| 53 (0.7)
1.7 (0.1) | 0.8 (0.1) | 0.7 (0.0) 1.1 (0.0) | 2.1 0.1 | 2.1 (0.1) | 3.1 (0.2)
23 (0.0)| 03 (0.0)| 1.9 (0.0)] 22 (0.0)| 2.5 (0.0)| 2.5 (0.0)| 27 (0.0)
32 0| 1.2 ©n| 15 ©n | 24 ©n| 38 ©1] 38 (01| 52 (0.2
1.9 (0.0)| 0.5 (00| 1.0 ©1| 1.5 ©1)| 23 ©1] 23 ©1| 27 (©.1
1.7 (0.0) | 0.6 (0.0) | 0.9 (0.1) 1.3 (0.1) | 21 (0.0) | 2.1  (0.0) | 2.9 (0.1)
1.8 (0.0) | 0.5 (0.0) 1.1 (0.1) 1.5  (0.0) | 2.1 0.1) | 2.1 0.1) | 3.0 (0.4
4101 | 11 1| 27 02| 34 02| 48 (©1) | 48 (0.1)| 60 (0.2
20 (0.0)] 0.5 (00| 14 O | 17 ©1) | 24 ©1| 24 (©1)| 2.8 (0.2)
30 (00) | 09 (00| 1.8 (1) | 26 (©1)| 38 (0.1)| 3.8 (1) | 45 (0.1
29 (01| 0.8 (0.0)| 1.8 (0.0)] 24 (©1) | 35 (©O1) | 35 (©1) | 41 (0.2
13 0.0 | 05 (0.0)] 07 (00| 09 (0| 1.5 ©1)| 1.5 (©1| 23 (0.2
1.9 (0.0) | 0.7 (0.0) | 0.9 (0.1) 1.4 (0.1) | 23 (0.1) | 23 (0.1) | 3.1  (0.2)
2.8 (0.1) | 0.7 (0.0 1.7 (0.1) | 23 (0.1) | 3.3 (0.2) | 3.3 (0.2) | 3.9 (0.1)
27 01| 09 (0.0)| 14 O] 21 ©1) | 34 (01| 34 ©1) | 43 (0.2
24 00| 08 ©ol| 13 ©o| 19 ©ol| 29 ©0| 29 (0| 38 (©.0
24 (0. | 0.9 (0.0 1.3 (0.0) | 1.8 (0.0)| 29 (0.1) | 29 (0.1) | 3.9 (0.2)
3.1 (0.1) 1.2 (0.1) 1.2 (0.1) | 2.2 (0.1) 37 (0.2) | 3.7 (0.2) | 54 (04
m m m m m m m m m m m m m m
37 ()| 08 00| 25 1| 31 ©1 | 43 (O] 43 (©1) | 50 (0.1
17 0.0)| 05 (00)] 1.2 (02| 1.4 (0] 1.8 (©1)| 1.8 (©.1) ] 2.2 (0.0
43 0.0)| 1.6 (0.0)] 20 (0.0)| 3.1 (0.0)] 53 (0.0 | 53 (0.0)| 7.3 (0.0
50 ©1) ] 1.2 ©n] 31 ©3)| 42 ©2| 57 ©n| 57 ©1] 72 (0.3
24 (0.1) | 0.8 (0.1) 1.2 (0.1) 1.9 (0.1) | 2.8 (0.1) | 2.8 (0.1) | 3.8 (0.2)
4.0 (0.1) 1.4 (0.1) [ 2.2 (0.0)| 29 (0.2) | 50 (0.2)| 50 (0.2)| 6.8 (0.4
27 O] 09 ©n| 16 ©n] 22 ©n| 32 ©n] 32 ©1) 44 (0.2
28 01| 08 O | 17 ©n] 23 ©n| 34 ©1H] 34 (1| 39 (0.1
20 (0.0) | 0.6 (0.0 1.2 (0.1) 1.6  (0.1) | 2.3 (0.0) | 2.3 (0.0) | 3.3 (0.1)

1. Response rate too low to ensure comparability.
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Table A.7

School principals’ views on mathematics teachers’ support for innovative teaching practices

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Percentage of school principals agreeing or strongly agreeing with the following statements:

Mathematics teachers are interested
in trying new methods and
teaching practices.

There is a preference among
mathematics teachers to stay with
well-known methods and practices.

There are frequent disagreements
between “innovative” and
“traditional” mathematics teachers.

% S.E. % S.E. % S.E.
75.2 (2.8) 70.3 (2.8) 26.6 (2.8)
83.2 (3.0) 36.2 (3.8) 12.1 (2.5)
74.5 2.7) 66.4 (2.6) 34.0 (3.2)
85.2 (1.7) 74.7 2.1 243 2.1
92.8 (1.8) 59.9 3.1) 11.6 (2.2)
93.5 (1.6) 4.6 (3.6) 18.7 (3.2)
74 4 (3.4) 427 (3.7 16.8 (3.0)
w w w w w w
77.7 (2.6) 357 (3.0) 237 (3.0)
84.6 (3.2) 67.5 (4.2) 20.5 (4.6)
94.1 (1.6) 89.2 (2.5) 6.2 (1.7)
86.1 (0.1) 487 (0.2) 13.8 (0.1)
72.5 (3.6) 76.4 4.1 11.9 (2.6)
87.9 2.4) 79.6 (3.0) 24.8 (3.5)
63.2 (4.0) 35.2 (3.9) 8.4 (2.5)
87.0 (2.8) 71.2 3.7 20.2 (3.3)
68.7 (0.1) 81.9 (0.0) 29.0 (0.1)
87.0 (1.6) 74.8 (3.0) 53.3 3.1)
58.8 (4.4) 56.2 (4.2) 26.1 (4.0)
83.7 (2.8) 53.8 (3.6 14.7 (2.2)
84.0 (2.7) 54.0 (3.7) 28.8 (3.9)
92.5 (2.2) 20.5 (3.4) 11.9 (2.5)
90.4 (3.4) 36.9 (4.4) 34.6 (4.6)
97.1 (1.0) 86.0 (2.2) 12.3 Q.7
88.1 (2.4) 59.9 (3.3) 20.6 (3.5)
83.2 (2.8) 54.3 (3.5) 29.9 (3.6)
78.3 (3.5) 52.9 *.3) 18.3 Q2.4
79.9 4.1 85.8 (3.0) 36.8 (4.4)
86.7 2.4) 75.3 (2.9) 25.8 (2.8)
82.9 (0.5) 59.8 (0.6) 216 (0.6)
90.3 (2.3) 58.3 (3.6) 34.6 (3.5)
94.7 (1.9) 85.8 2.7) 17.0 (3.2)
98.1 (1.2) 53.6 (3.6) 50.7 (3.9)
97.6 (1.2) 78.1 (3.8) 14.4 (2.8)
97.9 (0.0) 47.9 (0.4) 0.0 (0.0)
99.4 (0.0) 79.2 (0.2) 3.9 (0.1)
96.5 (1.3) 92.8 (2.4) 12.2 (2.0)
88.1 (2.6) 68.7 (4.0) 19.5 (3.6)
95.2 (1.7) 90.8 (2.5) 28.2 (3.4)
92.1 (2.3) 97.9 (1.2) 327 (4.0)
84.0 (3.6) 42.2 “.7) 36.1 4.3)
92.2 (1.7) 46.2 (3.3) 11.8 2.1

1. Response rate too low to ensure comparability.
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Table A.8

School principals’ perceptions of mathematics teachers’ expectations

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average

Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom1

Percentage of school principals agreeing or strongly agreeing with the following statements:

There is consensus among
mathematics teachers that
academic achievement must be kept

There is consensus among
mathematics teachers that
it is best to adapt academic standards|

There are frequent disagreements
between mathematics teachers who
consider each other to be

as high as possible. to the students’ level and needs. “too demanding” or “too lax”.
% S.E. % S.E. % S.E.
96.8 (1.1 73.4 2.3) 12.2 2.2)
$7.0 2.7) 447 (3.9) 14.3 (2.8)
84.2 (2.5) 58.6 (3.6) 27.9 (2.9)
95.2 (1.3) 59.1 2.2) 213 (2.0)
91.9 (.7 61.0 (3.2) 1.1 (2.0)
99.3 0.5) 92.4 2.1) 3.3 (1.3)
92.9 (2.0) 76.2 (3.2) 10.6 (2.6)
w w w w w w
89.1 (1.8) 22.7 (2.6) 16.3 (3.0)
85.1 (3.7) 79.1 (4.0) 24.7 (4.9)
84.1 (3.0 73.8 3.4) 16.1 (3.0
99.0 (0.0) 67.8 0.2) 13.7 0.1)
93.9 2.1) 83.6 (2.9) 1.3 (2.9)
87.4 (2.3) 73.0 (3.3) 34.1 (3.6)
72.3 (3.8) 68.8 4.0) 3.0 (1.5)
85.8 (2.9) 97.2 (1.4) 13.8 (2.9)
100.0 (0.0) 16.3 (0.0) 40.6 (0.1)
86.7 (2.6) 69.4 3.7) 54.1 (3.0)
96.2 (1.5) 73.4 (3.8) 23.7 (4.2)
95.4 (1.7) 83.2 (2.6) 8.3 (2.2)
98.2 (1.0) 87.7 (2.4) 9.5 (2.4)
94.6 (1.8) 96.2 (1.6) 14.5 (2.6)
61.2 4.3) 81.4 (3.7) 39.9 .1
91.9 (1.8) 64.5 3.7 19.8 3.1
87.5 2.7 81.5 (3.4 16.9 (3.3)
56.5 (3.6) 90.9 (2.0) 21.7 3.1
91.2 (3.2) 41.5 (4.0) 10.3 (1.9)
77.8 4.1 84.1 3.7) 43.6 3.9)
98.4 (0.9) 66.2 (3.0) 20.0 3.1)
88.9 0.4 70.6 (0.6) 19.4 0.5)
78.3 3.4 80.1 (2.7) 38.4 (3.3)
93.8 (2.0) 95.4 (1.7) 11.8 (2.8)
99.8 0.1) 99.1 (0.4) 30.9 3.5)
92.3 (2.3) 84.2 (3.1 11.7 (2.9)
89.3 (0.4) 30.8 (0.5) 9.5 (0.1)
85.1 (0.2) 85.4 (0.2) 9.8 (0.1)
92.9 2.1 96.1 2.1) 25.0 (3.8)
89.6 (2.9) 88.0 (2.8) 38.7 (3.3)
88.3 (2.8) 94.7 (2.1) 38.3 (3.5)
98.0 (1.1) 88.7 (2.6) 51.2 4.2)
88.9 2.3) 58.6 4.2) 403 (4.2)
97.8 (1.1 80.7 2.4 6.0 (1.7)

1. Response rate too low to ensure comparability.
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Table A.9

School principals’ perceptions of mathematics teachers’ support of teaching goals

Percentage of school principals agreeing or strongly agreeing with the following statements:

There is consensus among
mathematics teachers that the social
and emotional development of the
student is as important as their
acquisition of mathematical skills and
knowledge in mathematics classes.

There is consensus among
mathematics teachers that
the development of students’
mathematical skills and knowledge
is the most important objective in
mathematics classes.

There are frequent disagreements
between mathematics teachers who
consider each other as “too focused
on skill acquisition” or “too focused

on the affective development”
of the student.

% S.E. % S.E. % S.E.
OECD
Australia 74.8 2.7) 83.0 (2.2) 13.0 (2.3)
Austria 62.7 (3.7) 71.9 (3.5) 9.4 (2.4)
Belgium 62.5 (2.8) 76.7 (2.9) 16.2 (2.6)
Canada 66.5 (2.3) 87.2 (1.5) 12.3 (1.5)
Czech Republic 76.3 (2.7) 76.3 (3.0) 9.4 (2.0)
Denmark 60.9 3.4) 717.5 (2.7) 7.0 (1.8)
Finland 65.3 (3.6) 75.9 3.4 9.5 (2.2)
France w w w w w w
Germany 73.2 (3.2) 79.7 (2.9) 7.1 (1.4)
Greece 78.7 4.7) 76.5 (4.3) 15.7 (3.9)
Hungary 75.4 3.7) 84.6 (2.6) 8.3 (2.2)
Iceland 80.8 (0.2) 93.3 (0.1) 13.8 (0.1)
Ireland 71.6 (4.0) 76.3 (4.0) 11.7 (2.5)
Italy 73.3 (3.0) 78.6 (3.1) 23.0 3.1
Japan 66.8 (4.6) 57.8 “.1 0.0 (0.0)
Korea 93.1 (2.0) 82.7 (3.2) 10.2 (2.4)
Luxembourg 50.7 (0.1) 89.5 (0.1) 18.5 (0.1)
Mexico 86.5 (2.3) 79.4 (3.4) 46.7 (2.9)
Netherlands 44.2 (4.6) 87.0 (3.3) 13.2 (3.2)
New Zealand 61.9 (3.2) 88.8 (2.0) 5.1 (1.4)
Norway 70.0 3.4 89.2 (2.8) 12.7 (2.6)
Poland 95.5 (1.7) 66.8 3.4 9.4 (2.3)
Portugal 63.0 (4.5) 80.1 (3.7) 18.7 (3.7)
Slovak Republic 88.8 (2.1) 75.0 (2.5) 15.6 (3.1
Spain 78.4 (3.3) 81.9 (2.9) 11.3 (2.8)
Sweden 70.1 (3.5) 92.1 (2.1 14.2 (2.6)
Switzerland 74.5 (3.9) 76.9 (3.3) 8.1 (1.5)
Turkey 84.2 (3.9) 81.4 (3.8) 32.6 4.3)
United States 70.2 (3.1) 91.5 (1.9) 10.2 (2.2)
OECD average 71.7 (0.6) 80.8 (0.5) 13.3 0.5)
Partners
Brazil 84.5 (2.9) 67.7 (3.3) 24.2 (3.3)
Hong Kong-China 71.7 3.4) 90.8 (2.4) 6.5 (2.1)
Indonesia 94.0 (1.7) 96.0 (1.3) 35.2 (3.6)
Latvia 86.2 (2.9) 78.7 (3.8) 8.2 2.4
Liechtenstein 64.2 0.4) 83.1 (0.4) 0.0 (0.0)
Macao-China 85.7 (0.2) 78.8 (0.1) 5.6 (0.1)
Russian Fed. 91.4 (2.3) 85.2 (2.2) 19.1 (2.9)
Serbia 62.9 4.4) 85.2 (3.5) 17.0 (2.9)
Thailand 99.3 (0.6) 95.9 (1.6) 27.5 (3.6)
Tunisia 70.3 (3.8) 91.8 (2.3) 32.2 (3.8)
Uruguay 76.6 (3.3) 69.0 (2.6) 24.5 (4.0)
United Kingdom' 58.5 (4.0) 86.3 (2.3) 2.3 (0.9)

1. Response rate too low to ensure comparability.
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Table A.10
Streaming of students in some or all mathematics classes

Mathematics classes study similar content.

but at different levels of difficulty

Different classes study different content

or sets of mathematics topics

that have different levels of difficulty

For Not for Not for

For all classes some classes any classes For all classes some classes any classes

% S.E. % S.E. % S.E. % S.E. % S.E. % S.E.
OECD

Australia 322 | 3.1) | 568 | (2.9) | 11.0 | .00 | 229 | 28) | 604 | 3.2) | 167 | (2.6)

Austria  16.3 (1.9) 13.7 (2.7) 70.1 (2.1) m m m m m m
Belgium 44 | (1.3) | 46.8 | (3.1) | 488 | 3.0) | 168 | (1.8) | 441 | 2.9) | 391 | 3.1)
Canada 26.6 | (2.2) | 544 | 2.2) | 190 | 2.0) | 334 | 1.9) | 525 | 1) | 140 | (1.6)
CzechRepublic 7.6 | (1.7) | 17.6 | 2.5) | 747 | @8) | 87 | @3) | 237 | 3.1) | 676 | 3.5)
Denmark 23.0 | 34) | 233 | 37) | 537 | @41) | 147 | 2.8) | 236 | 3.5 | 61.8 | 3.3)
Finland 109 | 2.2) | 276 | 3.7) | 61.5 | 3.8) | 14 | 0.9 | 327 | 3.5 | 66.0 | (3.5

France W w w w w W W w w w W w
Germany 242 | (29) | 182 | @.8) | 575 | 3.2) | 122 | 2.5 | 166 | 26) | 712 | 2.9
Greece 6.2 | 3.0) | 128 | 3.6) | 809 | 3.5 | 00 | 0.0y | 47 | 22 | 953 | 2.2
Hungary 193 | 3.5) | 373 | (4.0) | 434 | ¢.0) | 57 | 2.0) | 241 | 34 | 701 | 3.7)
lceland 527 | (0.2) | 19.2 | (0.1) | 28.2 | (0.2) | 22.9 | (0.1) | 347 | (0.2) | 424 | (0.2)
Ircland  60.9 | (4.4) | 344 | @44) | 47 | 1.9 | 270 | @0) | 458 | @3) | 271 | 4.0)
Italy 215 | 27) | 340 | 3.5) | 445 | G0y | 98 | 22) | 456 | 34 | 446 | 3.6)
Japan 137 | (2.6) | 298 | (3.8) | 56.6 | 44) | 34 | (1.5 | 239 | 3.3) | 127 | 3.5)
Korea 109 | (2.8) | 60.2 | 4.5 | 289 | 3.8) | 23 | (1.3) | 550 | 1) | 427 | 4.0
Luxembourg 4.3 | (0.0) | 41.8 | (0.1) | 54.0 | (0.1) | 19.0 | (0.0) | 413 | (0.1) | 39.7 | (0.1)
Mexico 15.6 | (2.4) | 563 | 3.7) | 28.0 | 3.3) | 13.5 | (1.8) | 57.2 | 3.3) | 293 | (3.0)
Netherlands  34.8 | (4.4) | 424 | @.2) | 227 | 3.6) | 397 | @2) | 387 | 1) | 216 | (3.8
New Zealand  37.0 | (3.5) | 598 | 34) | 32| (1.2) | 146 | @4 | 768 | 3.00 | 87 | @.1)
Norway 781 | (3.5 | 142 | @9 | 76 | @0 | 80 | @2 | 173 | 33) | 47 | 37
Poland 41.9 | (3.8) | 382 | 3.9) | 200 | 3.2 | 1.0 | 07) | 211 | 3.1) | 78.0 | (3.2
Portugal 323 | (4.1) | 395 | @3) | 282 | 43) | 07 | (05 | 98 | 2.2) | 89.5 | 2.2
Slovak Republic  44.2 | (3.7) | 25.8 | (3.1) | 300 | 34 | 118 | 2.9 | 217 | 26) | 66.5 | (3.5)
Spain 333 | 3.6) | 583 | 3.5) | 84 | @4 | 69 | 1.8 | 505 | 3.9 | 425 | 3.9
Sweden 507 | 3.9) | 396 | 3.9 | 97 | @2) | 124 | @6 | 452 | @0) | 924 | 3.7
Switzerland 199 | (2.3) | 46.6 | @.1) | 33.5 | 3.9 | 207 | 3.3) | 349 | 3.9) | 444 | (3.6
Turkey 33.2 | (44) | 419 | @7) | 249 | 3.6) | 23.5 | 4.0) | 399 | @&1) | 366 | (+.2)
United States 254 | (3.0) | 655 | (3.3) | 91 | 2.0) | 314 | 3.2) | 56.2 | 3.3) | 124 | (2.3
OECD average 29.8 | (0.6) | 370 | 0.6) | 333 | 0.6 | 148 | 05 | 371 | 0.6 | 481 | 06

Partners

Brazil 443 | (3.5) | 287 | 3.3) | 270 | 34 | 298 | 3.3) | 274 | 3.7) | 42.8 | 3.7)
HongKong China 159 | (3.2) | 70.3 | 4.0) | 13.8 | 3.2) | 141 | 2.9) | 547 | @3) | 312 | @)
Indonesia 46.9 | 3.1) | 244 | 3.5 | 287 | 3.3) | 310 | 3.3) | 17.8 | 2.8 | 512 | 3.7)
Latvia 34.3 (4.9) 52.4 (5.1) 13.3 (3.3) 13.1 (3.2) 47.0 (4.8) 39.8 4.7)
Licchtenstein  21.6 | (0.5) | 37.0 | (0.4) | 414 | ©04) | 11.2 | 0.5 | 704 | 0.5) | 18.3 | (0.2)
Macao-China 7.2 | (0.0) | 40.6 | (0.2) | 52.2 | 0.2y | 179 | 0.2) | 32.2 | (0.2) | 499 | (0.2)
Russian Fed. 334 | 34) | 561 | 3.9 | 106 | 2.6) | 247 | 34 | 405 | 3.8) | 348 | @.1)
Serbia 157 | (3.2) | 61.0 | .3) | 233 | 3.8) | 157 | 3.2) | 559 | @5 | 284 | (3.9
Thailand 27.6 (3.8) 41.9 (4.0) 30.5 (4.2) 36.6 (4.6) 34.1 4.1 29.3 (4.0)
Tunisia  36.1 | 3.9) | 114 | @.3) | 525 | 3.9 | 177 | G.6) | 127 | @7) | 696 | 1)
Uruguay 133 | (2.5) | 56.9 | @1y | 298 | @3) | 7.6 | (1.8) | 356 | (46) | 56.9 | @.5)
United Kingdom'  82.3 | (2.2) | 161 | 2.2) | 1.6 | 03) | 290 [3.6) | 405 | 3.9 | 305 | 3.7)

1. Response rate too low to ensure comparability.
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Table A.11
Ability grouping within mathematics classes

In mathematics classes, teachers use a pedagogy

Students are grouped by ability suitable for students with heterogeneous abilities
within their mathematics classes (i.e. students are not grouped by ability)
For Not for For Not for
For all classes some classes any classes For all classes some classes any classes
% S.E. % S.E. % S.E. % S.E. % S.E. % S.E.

OECD
Australia 49.6 (3.1) 34.4 (2.9) 16.1 (2.3) 18.1 (2.5) 44.5 (3.0) 37.4 (3.0)
Austria 7.7 (2.0) 19.7 (3.0) 72.5 (2.7) 23.7 (3.2) 40.0 (3.2) 36.3 (3.8)
Belgium 2.1 (0.7) 16.7 (2.5) 81.1 (2.5) 50.2 (3.2) 31.3 (3.1) 18.5 2.1)
Canada 18.4 (2.0) 34.6 2.4) 47.0 (2.5) 37.0 (2.2) 38.8 (2.1) 24.2 (2.1)
Czech Republic ~ 13.1 (2.2) 28.8 (3.2) 58.2 (3.1) 53.4 (3.5) 30.7 (3.0) 15.8 2.4)
Denmark 5.4 (1.8) 15.2 (2.8) 79.3 (2.9) 73.8 (3.1) 18.2 (3.1) 8.0 (1.6)
Finland 7.0 (2.0) 36.2 (3.9) 56.8 (4.3) 39.9 (3.9) 45.7 (4.3) 14.4 (2.9)
France w w w w W w w w w W w w
Germany  11.2 (2.3) 34.6 (3.6) 54.2 (3.5) 35.2 (3.6) 17.0 2.4) 47.8 3.6)
Greece 0.6 (0.5) 1.3 (1.1) 98.1 (1.3) 62.0 4.7) 12.6 (3.9) 25.4 4.1
Hungary 15.2 (2.9) 38.9 4.2) 45.9 (4.3) 49.2 (4.4) 38.6 (4.0) 12.1 (2.5)
Iceland 23.3 (0.1) 46.4 (0.2) 30.4 (0.2) 47.9 (0.2) 39.2 (0.2) 12.9 (0.1)
Ireland 49.3 (4.2) 28.1 (4.2) 22.6 3.7) 27.1 (4.2) 42.7 (4.6) 30.3 (4.1)
Italy 2.7 (1.4) 21.4 (3.2) 75.8 (3.5) 39.1 (3.3) 37.3 (3.6) 23.7 (2.8)
Japan  13.8 2.7) 22.4 (3.5) 63.7 (4.2) 19.6 (3.5) 18.7 (3.3) 61.7 (3.9)
Korea 5.9 (1.9) 64.6 (3.9) 29.5 (3.8) 14.9 (2.7) 69.4 (4.0) 15.7 (3.1)
Luxembourg 0.0 (0.0) 6.9 (0.0) 93.1 (0.0) 46.2 (0.1) 34.0 (0.1) 19.7 (0.0)
Mexico 8.1 (1.7) 40.5 (3.5) 51.4 (3.3) 32.1 (3.4) 41.5 (3.3) 26.4 (3.2)
Netherlands ~ 11.5 (2.5) 44.8 4.4 43.8 4.7) 29.7 4.1) 39.1 4.4) 31.2 (4.0)
New Zealand 19.3 (2.9) 66.1 3.4) 14.6 (2.5) 23.5 (2.9) 57.5 (3.5) 19.0 (2.9)
Norway 4.7 (1.7) 22.1 (3.2) 73.2 (3.6) 78.0 3.4 16.1 (3.0) 5.9 (1.9)
Poland 3.5 (1.5) 17.7 (3.1) 78.9 3.4) 73.3 (3.3) 18.9 (3.0) 7.8 (2.2)
Portugal 0.5 (0.5) 13.8 (2.8) 85.8 (2.9) 67.5 (4.2) 16.9 (3.0) 15.6 (3.1)
Slovak Republic 8.0 (1.6) 26.8 (3.5) 65.2 3.4) 53.3 (3.5) 22.5 (3.2) 24.3 (2.8)
Spain 8.3 (1.4) 33.7 (3.2) 58.1 (3.1) 51.0 (3.6) 32.7 (3.1) 16.3 (2.9)
Sweden 22.3 3.4) 44.8 (3.5) 33.0 (3.6) 34.0 (4.0) 45.2 3.7) 20.8 (3.1)
Switzerland  13.9 (2.6) 27.5 (3.6) 58.6 (3.3) 42.2 (3.8) 28.9 (3.8) 28.9 (3.5)
Turkey 8.0 (2.7) 16.9 (3.6) 75.1 (4.3) 12.4 (3.0) 27.5 (4.2) 60.1 (5.1)
United States  21.9 (3.3) 457 (3.6) 32.4 (3.1) 14.2 (2.3) 46.6 (3.8) 39.2 (3.8)
OECD average  14.0 (0.4) 30.3 (0.6) 557 (0.6) 39.9 (0.6) 33.6 (0.6) 26.5 0.6)
Partners
Brazil 5.8 (1.7) 8.9 2.4) 85.3 (2.6) 30.4 (3.2) 16.5 (3.0) 53.1 (3.7)
Hong Kong-China 3.7 (1.6) 32.0 (3.9) 64.4 (3.9) 34.5 (3.9) 47.1 (4.5) 18.4 (3.1)
Indonesia 9.3 (2.3) 12.3 (2.1) 78.4 (3.1) 76.3 (3.3) 10.0 (2.3) 13.8 (2.7)
Latvia 5.1 (1.8) 71.2 (3.3) 23.7 (3.1 43.7 4+.4) 52.1 4.3) 4.2 (1.7)
Liechtenstein  25.4 (0.5) 35.8 (0.4) 38.8 (0.4) 33.1 (0.4) 33.7 (0.4) 33.1 (0.5)
Macao-China 0.0 (0.0) 12.7 (0.2) 87.3 (0.2) 63.4 (0.2) 17.2 (0.2) 19.4 (0.2)
Russian Fed. 8.3 2.1 71.4 4.1) 20.3 (4.0) 43.1 (4.3) 53.6 (4.6) 3.3 (1.6)
Serbia 0.0 (0.0) 56.0 4.9) 44.0 4.9) 14.6 (3.3) 64.2 (4.3) 21.2 (3.8)
Thailand  13.2 (2.6) 43.5 (3.6) 43.3 (3.6) 35.5 (3.6) 48.6 (3.8) 16.0 (2.7)
Tunisia 6.3 (2.0) 11.1 (2.8) 82.6 (3.1 63.6 (4.3) 7.9 2.4) 28.5 (3.8)
Uruguay 0.0 (0.0) 11.9 (2.5) 88.1 (2.5) 44.3 (3.6) | 44.2 (3.6) 11.5 2.4)

United Kingdom' 50.6 | (3.1) | 273 | 3.1) | 221 | 2.9 | 9.2 [2.0) 220 | 3.2) | 68.8 | 3.7)

1. Response rate too low to ensure comparability.
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Table A.12
Methods of assessment

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

Italy

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States

OECD average
Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia

Uruguay

United Kingdom'

Standardised tests

Teacher tests

Teacher ratings

Student portfolios

Student assignments

1-2 times
a year

More
than
3 times
a year

1-2 times
a year

More
than
3 times
a year

1-2 times
a year

More
than
3 times
a year

1-2 times
a year

More
than
3 times
a year

1-2 times
a year

More
than
3 times
a year

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

%

S.E.

49.8
19.8
20.5
70.6
69.1
70.8
83.2
w
37.1
324
7.7
84.8
44.8
38.2
32.7
36.1
82.4
34.5
30.9
29.4
64.9
73.5
82.6
59.2
30.5
55.9
38.7
449
771

52.6

27.2
m
50.0
50.2
74.0
m
54.8
35.6
80.6
16.7
253

60.2

(33)
(3.2
28)
(1.8)
62
(3.0)
2.9
(3.2)
(54)
4.0)
0.2)
@*5)
(4
*.2)
*.0)
©.1)
(34
@*5)
()
@)
(3.6)
(3.5)
3.0
(33)
1)
*.2)
53)
(3.0)

0.7)

(3.0)
m
(3.8)
4.0)
(0.5)
m
*3)
(1)
(3.5)
(3.3)
(4)

(3.5)

11.3
11.9

9.5
12.6

9.3
16.4
16.5

6.3
32.0
18.9
14.6
10.5
38.2
241
58.7
10.7
40.6
44.2
51.6
29.7
20.1

0.0
16.5
36.4
41.0
11.1
42.6
21.3

23.0

33.1

16.1
49.4
9.5

26.8
6.8
3.6

56.8
6.4

10.9

(2.0)
2.6)
(1.9)
(15)
(17)
(3.0)
2.9)
(1.5)
:.9)
G4
©.1)
2.8)
(34)
(4
39
0.0)
(34
(44
(3.3)
(3.5)
(3.0)
0.0)
32
(3.3)
*.)
(2.4)
(5.0)
2.9

0.6)

G4
m
2.9
(+.0)
(0.1)
m
(3.9)
24
(14)
@1
@1

2.2)

33
77
8.2
1.0
6.3
31.3
0.0
w
4.0
8.0
1.3
5.0
25.6
5.6
0.7
24
7.6
8.1
0.0
4.6
0.0
6.6
0.0
6.9
0.0
2.1
2.0
42.6
0.5

7.2

1.3
5.9
6.4
33
0.0
24
5.2
32.3
154
53
0.8

18.3

1.2)
2.2)
(15)
0.5)
(1.6)
(34
0.0)
(1.5)
2.5)
08)
(0.1
*.2)
a.7)
0.7)
(14)
0.0)
(15
0.0)
(1.4
(0.0)
(1.8)
0.0)
(14
0.0)
(1.0)
0.7)
@)
0.5)

03

0.3)
2.0
(14)
(13)
0.0)
0.0)
(1.8)
3.9)
2.9
(1.6)
(0.5)

o)

96.2
92.3
90.9
99.0
93.3
65.3
100.0
w

96.0
92.0
98.5
95.0
744
93.4
99.3
97.6
84.3
88.2
99.5
95.4
100.0
934
100.0
93.1
100.0
96.2
97.8
40.0
99.5

91.4

96.6
94.1
71.5
96.7
100.0
97.6
94.6
67.1
78.3
874
99.2

81.6

(13)
2.2
(1.6)
0.5)
(1.6)
(33)
(0.0)
(1.5)
2.5)
0.9)
0.1)
#.2)
(1.8)
0.7)
(14)
0.1)
2.0)
(0.5)
(1.4
(0.0)
(1.8)
0.0)
(14
(0.0)
(15)
0.7)
*5)
0.5)

©0.3)

(1.2)
(2.0
3.3)
(1.3)
(0.0)
0.0)
(1.8)
*0)
G4
24
(0.5)

)

16.5
4.6
4.2
8.7

15.0

44.2

39.5

9.0
43.8
14.2

8.5
22.9

7.8
15.5
32.7

5.3
247
20.2
227
21.1
21.2

0.6

5.1

4.0

9.8
13.6
51.8

4.2

17.8

5.2
48.7
40.9

5.9

17.7
26.9
19.7

2.7
58.3

8.1

4.6

23.5

2.)
Q.
(1.1
(13)
2.)
(39)
(3.6)
1.9)
(5.1)
(2.6)
o)
(37)
(1.8)
(33)
(3.9
0.0)
2.5)
(33)
2.8)
3.3)
6.2
0.6)
(1.6)
1.2)
Q.4)
2.2
4.9)
(1.4)

©05)

(1.9)
48)
(34)
@1
0.4)
0.2)
(3.0)
(14)
1)
.5)
(1.6)

(3.5)

76.2
95.4
90.5
73.8
81.7
55.0
55.9

89.5
56.2
82.5
91.5
727
85.0
79.8
66.6
84.4
55.4
52.1
66.3
78.9
13.2
994
94.9
88.3
89.0
84.5
42.1
95.1

74.8

90.3
35.3
534
92.5
82.3
62.6
68.3
95.6
29.9
704
94.2

74.3

2.3)
2.1
(1.8)
Q.0
(2.6)
(37)
(3.8)
2.2)
(5.1)
(3.0)
.
*.0)
.7
(3.6)
(*+.0)
0.0)
(3.0
(*3)
2.9)
(3.3)
2.9)
0.6)
(1.6)
2.2)
(2.6)
2.3)
.8)
(1.5)
(0.6)

(2.2)
*.2)
(4
(2.4)
0.4)
02
(2.9
(17)
34
(3.9
(1.8)

(3.6)

36.4
42.5
34.9
41.8
30.3
11.8
57.2

45.1
37.7
51.0
19.0
48.2
20.3
15.4
46.7
33.5
18.1
28.2
50.8
30.6
37.3
38.4
46.5
3.0
26.0
32.3
54.8
47.2

36.0

3.1
44.5
24.5
28.3
73.7
284
32.3
13.9
474
33.4
13.5

58.1

3.0)
(1)
(3.0)
2.2
.9)
(24)
3.3)
w
(3.6)
*8)
@1
0.2)
@23)
2.5)
(3.3)
*5)
©.1)
.2)
3.9
(3.5)
(3.9)
(3.7)
@.8)
(3.6)
0.9)
(3-6)
(3.3)
@.9)
3.7)

(0.6)

(1.3)
*.2)
@1
3.7)
0.3)
03)
(1)
(3.1
@*5)
4.0)
.5

(3.5)

40.4
43.5
42.5
38.6
654
81.9
16.3

52.9
17.0
474
80.3
13.3
76.0
84.6
444
41.0
75.2
16.4
39.7
234
26.7
20.6
43.7
96.0
13.1
17.7
32.0
32.3

43.3

94.4
16.5
27.8
7.3
21.0
42.5
423

5.9
374
40.9
24.8

31.8

7
(4.0)
(3.0)
23)
3.0)
2.9
(3.0)
w
(37)
@1
(+.2)
©0.2)
(3.0)
@8
(33)
@*7)
o.1)
27
33)
(3.5)
3.7)
G4
(3.6)
(3.6)
(1.0)
@8
24
(*+.2)
(33)
(0.6)

(1.8)
(3.4)
(34
3.7)
0.3)
(0.3)
*.5)
(L1.5)
(+.0)
*.1)
(2.4)

(34)

1.3
9.6
3.8
2.1
8.0
11.1
11.6

9.0
54.1
1.2
4.0
27
8.7
18.0
34.2
10.0
19.1
8.7
5.9
4.4
4.2
71
14.6
2.9
34
14.0
62.9
0.5

11.9

1.7
25.1

24
11.3
13.0
16.0
21.6
50.5
13.2
237
15.2

6.1

0.7)
23)
(1.2)
0.7)
@)
2.2
(2.5)
w
2.0)
(54)
0.8)
0.1)
(1.4
(1.8)
(34)
*2)
0.0)
(2.5)
2.2)
(15)
(1.6)
(1.6)
24
23)
(1.1
(1.4
23)
*5)
0.5)

04

(1.0)
(33)
(1.3)
)
(0.5)
0.1)
(3.2
*3)
.8)
3.3)
34

(1.7)

98.2
89.0
95.0
979
91.9
88.0
88.4

90.4
14.7
98.8
96.0
94.5
90.0
82.0
65.4
87.6
75.0
89.9
91.6
95.0
95.8
92.3
84.8
97.1
94.6
85.3
35.5
99.5

86.1

96.6
74.9
91.8
88.1
87.0
84.0
78.2
40.0
83.7
63.5
84.8

93.8

0.8)
Q4
(1.4)
0.7)
Q.0
@1
@5)
w
@)
*3)
0.8)
0.1
(1.8)
(1.9)
(34
*2)
0.0)
(3.0)
Q.4
.0)
(15)
(1.6)
2.4
23)
(L)
(1.8)
(23)
4.6)
0.5)

04

(1:4)
3.8)
(2.0)
29
0.5)

1. Response rate too low to ensure comparability.
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Table A.13
Use of assessment results

Inform

parents about|  Student Compare

their child’s | retention/ Group to national School’s Teachers’ Improve | Compare to
progress promotion students standards progress |effectiveness| curriculum |other schools

% |SE. | % |SE.| % [SE. | % |SE. | % |SE. | % |SE.| % |[S.E.| % |S.E.

OECD
Australia 100.0 [(0.0) | 61.5 [(2.9) [77.8 |(2.6) | 54.9 | (2.4) | 76.5 | (2.7) | 34.0 | (2.9) | 81.5 [(2.5) [38.7 [(2.7)
Austria 92.2 [(2.2) [93.2 |(2.3) [ 31.8 |(2.3) | 12.4 [ (2.8) | 59.2 [ (3.9) | 35.6 [(3.5) | 65.6 [(3.7) | 38.0 [(3.9)
Belgium  99.6 [ (0.4) | 99.1 [(0.6) [ 19.9 [(2.4) | 9.6 |(2.2) | 37.6 |(2.8) | 19.4 [ (2.4) | 66.1 [(3.0) | 6.9 |(1.7)
Canada 994 (0.3) [95.5 [ (1.0) [72.0 [ 2.1y | 70.1 [(2.2) | 79.5 [ (1.8) | 31.4 [(2.4) | 84.1 [(1.8) | 53.0 [(2.4)

Czech Republic 98.3 [(0.9) [ 91.8 | (1.9) {35.2 | (3.3) | 50.0 [(3.3) | 85.6 | (2.4) | 61.7 |(3.4) [ 88.7 | (2.1) | 55.3 |(3.7)
Denmark 676 [(3.5) | 3.8 [(0.9) | 14.1 [(2.6) | 5.9 |(1.7) | 8.4 |@2.0)| 3.7|(1.4) |46.7[(3.9)| 2.9 [(1.3)
Finland 100.0 (0.0 | 95.2 [(0.9) | 17.1 [(3.0) | 56.3 | (4.0) | 65.0 | (4.1) | 32.1 |(3.5) | 65.6 [(3.6) [34.9 |(3.5)
Germany 96.1 [(1.4) [96.3 [(1.2) [35.8 [(3.0) | 21.2 |(3.2) | 44.0 |(3.2) | 11.8 [(2.3) [44.8 [(3.9) | 17.1 |(2.7)
Greece 96.6 [(2.0) [ 99.4 [(0.5) | 11.1 |(2.1) | 12.2 | (2.8) | 35.6 |(5.7) | 15.2 | (4.4) | 40.5 |(5.3) | 15.8 |(3.0)
Hungary 99.1((0.9) |94.7 [(1.9) [34.8 |(3.5) | 86.4 | (2.6) | 95.8 [(1.4) | 77.0 |(3.5) | 93.7 | (2.1) [77.5 |(3.2)
Iceland  99.7 [(0.0) | 14.8 [(0.1) | 56.1 |(0.2) | 84.1 |(0.1) | 88.1 |(0.1) [ 30.9 (0.2) | 96.6 | (0.0) | 65.6 |(0.2)
Ireland 993 [(0.7) | 43.7 |4.2) | 78.1 [(3.3) | 17.2 [(3.2) | 49.5 | (4.0) | 16.9 |(3.2) | 42.2 |(4.3) | 8.8 |(2.6)

Italy 96.0 |(1.3) [83.7 |(2.8) | 51.5 [(3.9) | 32.8 [(3.4) | 69.3 |(3.0) | 23.3 |(3.2) | 83.8 [(2.9) | 29.1 |(3.2)

Japan 98.3|(1.0) | 89.5 [(2.6) [44.7 |(4.5) | 17.8 |(3.4) | 47.7 | (4.4) | 81.5 |(3.3) | 78.9 [(3.4) | 11.8 |(2.8)
Korea 95.5|(1.8) | 24.8 [(3.8) | 62.6 |(4.0) | 62.0 [(3.7) | 58.6 | (4.0) | 54.5 | (4.3) | 90.2 |(2.7) | 54.9 |(3.9)
Luxembourg 100.0 |(0.0) [100.0 {(0.0) [ 29.7 | (0.1) | 21.8 | (0.0) | 26.1 | (0.1) | 21.0 [(0.0) | 62.9 | (0.1) | 10.3 |(0.0)
Mexico 96.7 [(0.9) |92.9 [(1.8) | 59.4 [(3.2) | 55.5 [(3.1) | 91.2 |(1.6) | 77.3 | (3.1) | 89.2 |(2.2) [ 50.5 |(3.5)
Netherlands  99.5 [(0.5) | 96.8 |(1.6) |88.7 |(2.7) | 63.5 | (4.1) | 63.3 |(4.2) | 42.2 |(4.4) | 71.8 |(3.9) | 47.0 | (4.4)
New Zealand 98.4 | (1.0) | 77.9 [(2.8) | 73.7 [(3.0) | 86.7 [(2.3) | 95.6 |(1.6) | 53.0 |(3.4) | 95.8 | (1.2) [73.5 |(3.2)
Norway 1000 [(0.0) | m | m [37.8 [(4.0) | 63.8 [(3.6) | 67.7 |(3.3) | 19.5 [(3.0) [ 70.1 [(3.5) | 47.1 |(3.8)
Poland 98.0 [ (1.1) [84.2 [(2.8) [33.0 | (4.1) | 71.1 |(3.7) | 96.6 | (1.5) | 73.2 | (3.2) | 87.8 [ (2.8) | 62.3 [(3.6)
Portugal 98.8 [(0.7) |96.6 | (1.6) [26.1 [(3.8) | 32.9 | (4.2) | 78.5 | (3.1) | 34.7 | (4.4) | 84.3 |(3.2) | 22.3 | (3.4)
Slovak Republic 98.7 [(0.7) [96.7 | (1.0) | 54.9 |(3.8) | 45.9 [(3.7) | 95.0 | (1.5) | 75.0 [(2.7) | 89.0 [ (2.2) | 47.7 |(3.1)
Spain 99.7 [(0.3) [99.5 | (0.3) | 47.6 |(3.5) | 18.2 [ (2.1) | 68.6 | (3.2) | 35.9 [(3.5) | 88.5 |(2.3) | 17.2 |(2.1)
Sweden 94.1((1.6) |95.2 [(1.5) | 28.1 [(3.2) | 18.5 [(2.0) | 24.9 |(4.5) | 36.8 [(3.5) | 51.9 |(3.6) | 15.9 |(3.7)
Switzerland 96.4 [(1.5) [38.9 | (4.1) [45.2 | (4.0) [ 73.0 | (3.1) | 85.4 | (2.7) | 21.2 | 3.1) | 80.7 [ (3.0) | 64.8 [(3.5)
Turkey 84.8[(3.0) [71.1 [(4.2) |50.8 | (4.3) | 58.7 [(4.4) [ 76.3 | (3.3) | 33.8 | (4.4) [ 34.0 [(3.7) | 58.9 | (4.4)
United States 98.4 | (0.8) [76.3 |(2.8) [65.9 [(3.3) | 90.7 [ (1.9) | 93.5 [(1.6) | 54.7 [(3.1) | 92.0 [ (1.9) |80.3 [(2.8)

OECD average 96.6 | (0.2) | 77.9 | (0.4) | 47.5 | (0.6) | 47.7 | (0.6) | 67.6 | (0.6) | 41.1 | (0.6) | 74.4 |(0.6) | 41.1 |(0.6)
Partners
Brazil 87.9|(2.6) | 83.4 [(2.5) |44.7 | (4.1) | 37.5 |(3.5) | 75.7 [(3.5) | 55.5 [(3.5) [ 92.1 | (2.1) [23.3 |(2.9)

Hong Kong-China 98.7 [(0.9) [96.3 |(1.5) [63.3 [(4.2) | 22.7 |(4.0) | 90.5 | (2.5) | 63.9 | (4.0) | 96.9 [(1.2) | 18.9 |(3.1)
Indonesia 89.2 |(2.4) |84.3 |(2.6) |46.4 |(3.8) | 50.6 |(3.8) | 86.0 |(2.7) | 87.3 |(2.5) | 78.8 [(3.2) | 77.2 |(2.9)
Latvia 100.0 [(0.0) [94.1 |(2.7) |40.1 |(4.3) | 79.7 | (4.1) | 99.2 [(0.6) | 86.5 |(2.8) | 96.7 | (1.4) |65.1 |(4.2)
Liechtenstein 100.0 {(0.0) [96.7 |(0.0) | 57.7 |(0.4) | 28.7 |(0.3) | 17.5 [(0.3) | 39.1 |{(0.5) | 21.3 |(0.5) | 39.3 [(0.4)
Macao-China 96.5|(0.1) |96.5 |(0.1) | 43.4 |(0.2) | 3.1 [(0.1) | 81.4{(0.2) | 81.5[(0.3) | 97.5 [ (0.1) | 14.5 | (0.1)
Russian Fed. 100.0 | (0.0) [96.7 |(1.3) | 55.7 |(4.0) | 69.9 | (4.1) [ 96.9 |(1.3) | 98.7 |(0.8) | 98.8 [(0.7) | 81.3 |(3.2)
Serbia 92.8 |(2.3) | 88.7 [(2.4) | 19.4 |(3.5) | 42.7 | (4.2) | 76.7 |(3.5) | 51.0 | (4.5) | 64.4 | (4.0) | 50.1 |(4.2)
Thailand 89.6 [(2.6) | 71.9 |(4.0) [ 77.2 |(3.5) | 59.3 [(3.6) | 88.0 [(3.0) | 70.6 |(3.6) | 76.9 |(3.8) | 56.8 |(4.0)
Tunisia 74.8 | (3.4) [84.3 [(2.9) [43.6 [(4.3) | 73.1 |(3.6) | 81.8 |(3.4) | 62.7 [(3.7) | 71.9 | (3.2) | 71.7 |(3.4)
Uruguay 94.2 ((1.7) [90.6 [(2.4) | 29.0 | (3.1) | 18.1 |(3.2) | 76.5 |(4.0) | 40.7 | (4.5) | 68.8 |(3.7) [10.5 |(2.4)

Annex A: Descriptive Statistics [l

United Kingdom' 100.0 | (0.0) | 68.3 |(3.4) [93.7 | (1.6) | 88.9 [ (1.8) | 97.3 [ (1.1) | 85.9 |2.3) | 91.4 | (2.1) [ 84.4 | (2.1)

1. Response rate too low to ensure comparability.
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Table B.1
Latent correlations among selected measures used in the teaching and learning analytical model

Learning strategies and student confidence

Latent correlations between:

Self- Self- Self- Self- Self-

Control Control | Elaboration | efficacy in | efficacy in | Anxietyin | efficacy in | efficacyin | efficacy in

strategies | strategies | strategies |mathematics|mathematics|mathematics|mathematics|mathematics|mathematics

Memo- Memo- Memo-
risation/ | risation/ Self- Self- risation/
Elaboration| rchearsal | rchearsal | Anxietyin | conceptin | conceptin | rehearsal |Elaboration| Control

strategies | strategies | strategies mathematics | mathematics |mathematics strategies | strategies | strategies
Australia 0.75 0.96 0.78 -0.55 0.72 -0.78 0.32 0.36 0.30
Austria 0.45 0.84 0.35 -0.42 0.48 -0.87 0.00 0.13 0.26
Belgium 0.62 0.88 0.60 -0.36 0.43 -0.82 0.09 0.22 0.23
Canada 0.60 0.89 0.63 -0.55 0.64 -0.91 0.25 0.32 0.33
Czech Republic 0.81 0.94 0.83 -0.57 0.61 -0.81 0.02 0.16 0.24
Denmark 0.60 0.95 0.60 -0.75 0.83 -0.91 0.05 0.16 0.31
Finland 0.71 0.90 0.68 -0.64 0.77 -0.82 0.03 0.12 0.24
France 0.50 0.81 0.39 -0.43 0.60 -0.75 0.38 0.33 0.39
Germany 0.84 0.89 0.73 -0.49 0.54 -0.89 0.28 0.34 0.37
Greece 0.65 0.95 0.57 -0.58 0.73 -0.87 0.27 0.33 0.43
Hungary 0.62 0.85 0.60 -0.43 0.40 -0.86 0.20 0.29 0.28
Iceland 0.78 1.03 0.86 -0.61 0.76 -0.70 0.35 0.33 0.28
Ireland 0.81 1.00 0.76 -0.59 0.67 -0.84 0.20 0.25 0.36
Italy 0.49 0.94 0.50 -0.41 0.56 -0.68 0.10 0.15 0.18
Japan 0.89 0.91 0.86 -0.45 0.47 -0.86 0.28 0.27 0.25
Korea 0.56 0.96 0.74 -0.49 0.69 -0.83 0.27 0.34 0.33
Luxembourg 0.61 0.87 0.68 -0.37 0.45 -0.78 0.12 0.28 0.32
Mexico 0.80 0.97 0.86 -0.43 0.52 -0.77 0.33 0.36 0.37
Netherlands 0.75 0.93 0.73 -0.54 0.61 -0.85 0.35 0.56 0.50
New Zealand 0.62 0.94 0.48 -0.64 0.72 -0.83 0.08 0.16 0.24
Norway 0.74 0.78 0.62 -0.62 0.77 -0.81 0.41 0.43 0.43
Poland 0.71 1.03 0.75 -0.57 0.66 -0.82 0.27 0.17 0.28
Portugal 0.82 0.80 0.79 -0.40 0.65 -0.72 0.45 0.37 0.34
Slovak Republic 0.43 0.73 0.51 -0.56 0.60 -0.87 0.28 0.31 0.28
Spain 0.43 0.76 0.48 -0.25 0.53 -0.63 0.14 0.23 0.29
Sweden 0.92 0.99 0.86 -0.59 0.77 -0.78 0.14 0.39 0.38
Switzerland 0.63 0.64 0.18 -0.56 0.61 -0.85 0.10 0.18 0.24
Turkey 0.65 0.89 0.62 -0.47 0.62 -0.80 0.37 0.25 0.34
United Kingdom 0.75 0.89 0.82 -0.60 0.73 -0.80 0.26 0.44 0.40
United States 0.79 0.98 0.87 -0.54 0.55 -0.86 0.29 0.31 0.27
OECD 0.66 0.90 0.67 -0.52 0.62 -0.80 0.23 0.29 0.33
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Latent correlations among selected measures used in the teaching and learning analytical model (continued)

Table B.1

Approaches to learning and learning environment

Latent correlations between:

Interest in and
Competitive | enjoyment of Teacher Attitudes Attitudes  [Student-teacher
learning mathematics support towards school | towards school relations
Instrumental
motivation Sense of Sense of
Co-operative to learn Disciplinary |Student-teacher| belongingat | belonging at

learning mathematics climate relations school school

Australia 0.20 0.61 0.32 0.63 0.30 0.34
Austria 0.27 0.60 0.18 0.57 0.19 0.16
Belgium 0.26 0.73 0.12 0.67 0.43 0.37
Canada 0.12 0.67 0.30 0.48 0.39 0.16
Czech Republic 0.08 0.59 0.24 0.59 0.42 0.28
Denmark 0.31 0.67 0.35 0.73 0.41 0.26
Finland -0.01 0.64 0.31 0.55 0.32 0.29
France 0.23 0.70 0.20 0.58 0.25 0.19
Germany 0.29 0.56 0.23 0.58 0.29 0.26
Greece 0.45 0.66 0.23 0.58 0.38 0.24
Hungary 0.17 0.67 0.23 0.50 0.26 0.18
Iceland 0.25 0.68 0.18 0.65 0.32 0.20
Ireland 0.18 0.60 0.35 0.64 0.37 0.15

Italy 0.24 0.68 0.26 0.60 0.43 0.22

Japan 0.44 0.68 0.23 0.44 0.45 0.42

Korea 0.84 0.72 a 0.48 0.34 0.21
Luxembourg 0.29 0.65 0.10 0.68 0.21 0.21
Mexico 0.70 0.67 0.22 0.36 0.43 0.42
Netherlands 0.24 0.59 0.33 0.65 0.43 0.13
New Zealand 0.18 0.50 0.35 0.58 0.35 0.25
Norway 0.15 0.68 0.24 0.81 0.35 0.25
Poland 0.35 0.70 0.18 0.53 0.18 0.19
Portugal 0.57 0.65 0.15 0.38 0.40 0.14
Slovak Republic -0.02 0.69 0.07 0.53 0.45 0.28
Spain 0.50 0.72 0.09 0.53 0.33 0.17
Sweden 0.26 0.59 0.29 0.59 0.39 0.22
Switzerland 0.09 0.71 0.08 0.63 0.53 0.40
Turkey 0.62 0.68 0.05 0.55 0.25 0.25
United Kingdom 0.33 0.62 0.42 0.65 0.33 0.27

United States 0.48 0.66 0.25 a a a

OECD 0.35 0.61 0.20 0.61 0.37 0.26
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Table C.1

Multivariate regression coefficients and standard errors

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States
Partners
Brazil

Hong Kong-China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia
Uruguay

United Kingdom1

Score point difference associated with the various factors shown below, before accounting for the other factors

Intercept

School characteristics

School average,

of the highest
international
socio-
economic
index of
occupational
status (HISEI)
between both
parents

School size

School climate

Classroom climate

Attitudes
towards
school

Sense of
belonging

at school

Student-
teacher
relations

School
Discipli- average

nary disciplinary| Teacher
climate climate support

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E. |Coeff. S.E. [Coeff. S.E.

509.3 (1.02)
4973 (1.84)
528.2 (1.06)
515.5 (1.09)
510.4 (2.47)
513.3 (2.84)
537.7 (2.82)
w w
495.2 (1.94)
453.6 (6.89)
4777 (3.07)
510.1 (3.77)
512.2 (1.74)
499.0 (2.00)
531.2 (2.45)
556.8 (2.76)
500.7 (2.73)
4294 (745)
526.5 (2.06)
519.7 (1.75)
487.6 (6.54)
4975 (1.39)
488.0 (1.53)
493.5 (1.99)
507.2 (1.09)
4937 (2.36)
509.5 (3.17)
481.5 (3.80)
464.5 (2.13)

451.5 (3.88)
526.2 (3.80)
m m
480.2 (1.72)
C C
532.8 (6.35)
465.4 (2.09)
450.6 (1.99)
469.8 (3.58)
409.6 (3.07)
458.5 (1.80)

508.8 (1.30)

16.3
26.6
273
10.5
309
8.1
-2.8
w
31.3
24.8
329
0.8
12.2
339
37.1
25.6
28.1
17.1
36.6
13.3
3.5
9.7
10.7
25.2
10.4
5.4
18.6
27.6
15.0

23.6
20.2
m
11.3
c
15.4
11.4
21.2
20.1
20.3
23.0

13.0

(2.24)
(1.79)
(1.83)
0.73)
(3.07)
(1.93)
(1.10)
(2.05)
(1.56)
(1.69)
(1.66)
(1.90)
(1.11)
(1.63)
(1.35)
(1.82)
(0.76)
(2.53)
(1.64)
(1.55)
(1.63)
1.27)
(0.93)
(1.09)
(1.66)
(1.49)
(1.63)
(1.37)

(1.34)
(1.79)
m
(1.57)
C
(3.95)
(1.63)
(1.02)
(1.25)
(0.91)
(1.14)

(1.22)

4.9
11.2
12.7

7.0

3.3
12.0
119

w

0.6

-19.6

7.5
-5.5

6.6

4.2

5.8
10.3

1.0

3.7
11.3

3.5
-4.8
-1.5
10.2

0.4

4.0

7.0

6.1

3.6
-0.2

1.6
62.3
m
15.5
c
3.6
4.8
4.1
4.1
6.8
16.2

7.4

(1.17)
(2.88)
(2.39)
(0.94)
(3.97)
4.09)
(3.22)
(2.46)
(7.27)
(4.66)
(4.36)
(3.15)
(3.52)
(1.06)
(1.40)
(0.78)
(1.33)
(3.08)
(1.01)
(7.55)
(2.65)
(0.81)
(2.67)
(2.29)
(2.89)
.51
(2.93)
(1.26)

(0.98)
(4.50)
m
(2.12)
C
(1.87)
(3.25)
(0.97)
(0.43)
(2.06)
(1.26)

(1.87)

2.8
-0.6
-5.1
-0.3
-0.4

1.5

6.0

w
-2.2
-4.0
-5.7

7.2

0.9

0.3
2.4
-1.5
-1.1

7.7
-2.8

6.0

4.4
-1.1

1.4
-3.8
-0.3

4.3

1.6
-2.3
-0.7

2.0
-1.5
m
6.4
c
-0.3
-0.3
0.7
3.1
3.5
0.8

2.6

(0.96)
(1.02)
(1.10)
(0.70)
(1.18)
(1.66)
(1.27)
(1.08)
(1.62)
(1.35)
(1.51)
(1.26)
(1.36)
(1.38)

-8.6
-3.0
-3.5
-1.2
0.2
-6.5
9.1
w
=59
-1.6
-14
-1.17
-8.0
-39
-4.8
-6.1
-0.2
0.4
-5.1
-8.4
-8.1
-2.0
1.2
-2.8
-4.6
9.1
-2.6
4.2

0.4
-6.3

3.1

-1.1
0.1
-1.8
0.0
1.9
0.2

-6.8

0.97)
(0.89)
(1.31)
(0.81)
(1.46)
(1.50)
(1.09)
(1.39)
(1.41)
(1.21)
(1.20)
(1.13)
(1.15)
(1.50)
(1.25)
(1.15)
(0.97)
(1.53)
(1.32)
(1.21)
(1.11)
(1.50)
(1.15)
(1.13)
(1.26)
(0.92)
(1.46)

m

(1.31)
(.71
m
(1.75)
C
*.27)
(0.96)
(0.90)
(1.56)
(0.96)
(1.32)

(1.30)

6.3 (0.89)
04 (1.22)
0.3 (0.99)
2.2 (0.85)
1.5 (1.25)
45 (1.60)
03 (1.37)
07 (1.10)
44 (177
1.9 (1.42)
1.9 (145)
27 (1.31)
2.9 (1.27)
1.9 (1.59)
1.2 (1.35)
1.8 (1.33)
5.6 (1.33)
11 (1.53)
6.5 (1.57)
6.0 (1.50)
5.3 (1.70)
25 (143)
5.9 (1.31)
25 (1.24)
5.6 (1.38)
1.6 (131
-6.4 (143)
13 (1.27)

2.6 (1.49)
27 (132)
m m
44 (175
C C
2.5 (3.51)
S0 (1.39)
9.2 (1.44)
9.1 (1.35)
-6.9 (0.94)
-6.0 (1.48)

6.5 (1.41)

6.4 (0.86) 5.4 (1.01)[-2.8 (1.01)
5.0 (1.17)] 9.4 (1.46)| 3.1 (1.25)
74 (0.91)[22.0 (1.25)-4.9 (1.08)
69 (0.84) 4.7 (0.83)|-5.1 (0.85)
45 (1.00)| 89 (1.72)-5.2 (1.26)
23 (149)] 5.3 (1.41)| 3.3 (1.54)
3.8 (1.30)] 0.2 (1.02)| 7.4 (1.44)
4.2 (1.00)| 126 (1.53)] 3.6 (0.93)
14 (130)] 6.6 (2.46)| 1.0 (1.77)
29 (1.16)| 8.0 (1.25)-2.2 (1.17)
44 (174)] 12 (1.83)]-0.9 (1.84)
8.6 (135)] 0.2 (L15)] 7.7 (1.47)
3.3 (1.06)] 7.1 (0.63)[-5.5 (1.13)
42 (1.43)| 216 (0.97)| 3.4 (1.75)
0.9 (1.10)| 193 (3.57) 0.2 (1.50)
5.4 (1.07) 13.7 (2.98)[-4.8 (1.03)
5.1 (1.27) 12.5 (0.78)] 2.0 (1.11)
2.6 (147) 14.8 @.21)] -1.3 (1.35)
6.6 (1.24)| 3.2 (1.48)|-5.8 (1.30)
3.0 (171] 4.7 (1.38)-6.0 (1.80)
6.1 (1.24)] 1.6 (1.36)| 5.1 (1.33)
8.8 (143)] 18.0 (1.39)[-4.9 (1.29)
3.4 (1.09)] 79 (0.86)[-6.3 (1.18)
8.7 (1.06)| 5.0 (0.83)-5.3 (1.32)
3.5 (L18)] 4.3 (1.59)| -7.5 (1.67)
89 (2.10)] 99 (1.17)|-4.4 (1.50)
8.4 (1.55) 249 (2.14)| 0.6 (1.17)
9.6 (1.28)] 6.7 (0.98) 3.1 (1.13)

45 (1.76)| 14.8 (2.63)|-4.6 (1.63)
4.1 (133) 349 (1.62)| -1.0 (1.41)
m m m m m m
8.8 (1.74)| 3.9 (1.24)|-6.4 (1.80)
C C C C C C
114 (3.44)| 145 (5.45)-8.5 (4.06)
8.6 (148)| 9.4 (1.57)-1.9 (1.31)
6.0 (1.61)| 173 (1.05)] -3.9 (1.44)
13.0 (1.54) 03 (1.21)| 44 (1.32)
5.6 (1.27)[ 127 (0.81)| -1.9 (1.52)
3.7 (1.60)| 143 (1.23)-5.2 (1.42)

9.2 (1.03)] 5.2 (1.15)|-4.2 (1.36)

1. Response rate too low to ensure comparability.
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Table C.1
Multivariate regression coefficients and standard errors (continued)

Score point difference associated with the various factors shown below, before accounting for the other factors

Student characteristics

Home background Self-related cognitions in mathematics
The highest
international The highest
socio-economic level of
index of occu- | education Instrumental | Interestin
pational status between Number of Anxiety motivation and Self-concept
(HISEI) between| both parents books in in enjoyment of in Self-efficacy in
both parents (HISCED) | in the home | mathematics | mathematics | mathematics | mathematics | mathematics
Coeff. S.E. |Coeff. S.E. |Coeff. S.E. [Coeff. S.E. |Coeff. S.E. [Coeff. S.E. |Coeff. S.E. |Coeff. S.E.
OECD
Australia 92 (1.19)| -0.8 (1.25)| 9.8 (0.86)| 43 (140)| 17 (1.41)| 7.8 (1.57)| 244 (1.31)] 30.5 (1.35)
Austria 2.0 (1.35)| -5.0 (1.50)| 12.0 (1.20)| -4.5 (1.49)| -1.7 (1.37)| -5.3 (1.48)| 15.0 (1.68)| 20.4 (1.22)
Belgium 10.5 (1.26)| -0.7 (1.15)| 8.8 (1.04)| -5.1 (1.34)| 4.6 (1.26)| -0.5 (1.46)| 13.0 (1.35)| 24.7 (1.29)
Canada 8.1 (0.96)| 1.0 (148)| 1L1 (0.70)| 5.7 (1.11)| 52 (0.94)| 71 (1.29)] 18.4 (1.56)| 274 (0.93)
Czech Republic 5.2 (1.63)| 26 (216)| 117 (163)| -5.9 (1.65)| 3.0 (1.20)| 3.8 (1.8)| 170 (1.75)| 23.8 (1.27)
Denmark 89 (1.60)| 6.4 (176)| 113 (146)[-12.4 (1.81)| 0.2 (1.87)| 71 (2.23)| 245 (2.56)| 234 (1.93)
Finland 8.1 (1.07)| 1.8 (1.30)| 129 (1.22)| -6.3 (1.88)| 3.6 (1.46)| -4.6 (1.79)| 29.8 (1.94)| 21.3 (1.69)
France w w w w w w w w w w w w w w w w
Germany 43 (1.39)| 21 (136)| 9.2 (L15)| 5.1 (137)| 1.8 (1.23)| 26 (131)| 88 (1.50)| 23.0 (1.62)
Greece 23 (I73)| 04 (134)| 75 (147)| 93 (1.60)| 33 (1.86)| 17 14| 192 Q41| 199 (2.07)
Hungary 4.0 (1.57) 0.7 (1.35)| 87 (1.18)| -84 (1.72)| 23 (1.30)| -1.5 (1.80)| 9.7 (1.66)| 22.8 (1.25)
Iceland 2.0 (146)| 6.2 (1.86)| 11.5 (147)| 1.0 (1.54)| 2.4 (1.68)| -4.2 (1.68)| 24.4 (1.88)| 23.8 (1.63)
Ireland 8.2 (142)| 34 (143)| 11.3 (114 | -7.0 2.24)| 09 (1.32)| -3.8 (1.72)| 11.2 (2.64)| 324 (1.82)
Ialy 46 (1.02)] 29 (110)| 40 (1.07)| -82 (145)| 39 (167)| 3.8 (174)| B.S5 (1.77)] 257 (1.33)
Japan 0.0 (1.28)| -06 (138)| 6.4 (133)| -14 (1.83)| 08 (157)| 47 (170)| 53 (217)| 258 (1.76)
Korea 14 (1.25)] -0.2 (1.06)| 142 (1.65)| 39 (1.87)| 2.8 (143)| 25 (71| 177 (2.55)| 227 (1.56)
Luxembourg 6.6 (1.69)| -0.5 (1.34)| 9.8 (1.21)| -6.4 (1.65)| 0.2 (1.56)| 1.9 (1.77)| 4.6 (1.66)| 26.6 (1.31)
Mexico 2.2 (0.88)| 0.0 (0.97)| 1.4 (149)[-127 (1.15)| 09 (1.82)| -8.2 (2.03)| 163 (1.21)| 16.6 (1.46)
Netherlands 5.3 (1.24)| 1.4 (1L.13)| 89 (1.28)| 1.9 (1.65| 0.8 (1.20)| 0.2 (1.71)] 10.6 (1.72)| 19.1 (1.56)
New Zealand 7.7 (127)| 25 (17| 127 (132 | <11 (1.92)| 40 (144)| 9.1 .07)| 221 @41)| 311 (1.71)
Norway 91 (L5D)| 24 (236)| 141 (145)| 78 (1.65)| 6.2 (1.55)| 13 (01| 219 (213)] 229 (174)
Poland 10.3 (1.77)| 3.5 (1.96)| 11.8 (1.18) | -15.1 (1.65)| 10.8 (1.65)| -11.2 (1.85)| 20.3 (2.17)| 28.6 (2.03)
Portugal 85 (157)| -4 (0.95)| 99 (1.80)| -42 (1.8)| 48 (174 | -84 (235 184 (1.72)| 27.2 (197)
Slovak Republic 3.2 (1.24)| 2.5 (1.50)| 148 (154)| 9.8 (137)| 45 (1.66)| -5.4 (190)| 22.5 (2.02)| 247 (1.71)
Spain 34 (L14)| 07 (0.98)] 160 (1.26)| 34 (173)| 61 (1.60)| 33 (1.93)| 16:6 (1.95)| 221 (1.26)
Sweden 8.8 (147)| -1.0 (1.54)| 17.5 (1.18)| -7.9 (1.61)| 4.3 (1.51)| -47 (1.76)| 19.0 (1.81)| 30.6 (1.66)
Switzerland 8.3 (1.38)| 1.2 (1.10)| 14.3 (1.08)| -5.5 (1.36)| -0.2 (1.28)| 0.0 (1.87)| 99 (1.77)| 30.4 (2.41)
Turkey 2.0 (152)| 06 (1.23)| 93 (148)| 71 (163)| 11 (175)| 3.2 2.10)| 11 (1.83)| 190 (1.45)
United States 8.5 (115)| 0.0 (1.60)| 140 (1.16)| -5.1 (1.46)| 5.5 (1.28)| -7.5 (1.33)| 150 (1.92)| 29.6 (1.37)
Partners
Brazil 8.3 (2.07)| -2.8 (1.11)| 6.1 (2.20)|-13.2 (2.72)| 0.5 (1.95)| 9.1 (2.54)| 13.8 (2.22)| 16.4 (2.00)
Hong Kong-China 4.2 (1.69)| 3.9 (2.01)| 83 (1.36)| -0.1 (2.24)| 1.3 (1.67)| 5.1 (1.83)] 12.8 (2.58)| 27.5 (1.82)
Indonesia m m m m m m m m m m m m m m m m
Latvia 7.6 (145)| 0.1 (2.25)] 9.2 (1.51)-125 (1.95)| 10.0 (1.58)| -147 @52 2.5 (2.12)| 293 (2.21)
Liechtenstein C C ¢ C [ C C C C C C [¢ C [¢ C [¢
Macao-China 67 (3.91)| -0.6 (2.85)| 17 (3.16)| 29 @¢.23)| -8.4 @.25)| 12 @53)| 152 (4.07)] 277 4.04)
Russian Fed. 3.8 (149)| 1.5 (2.20)| 6.9 (1.35)[-143 (2.25)| 5.1 (1.54)| -6.8 (2.36)| 14.2 (2.40)| 27.4 (2.25)
Serbia 37 (L14)| 20 (147)| 60 (1.51)| 91 (174)| 41 (1.58)] 9.5 (1.86)| 19.0 (1.90)| 17.8 (1.75)
Thailand 5.7 (1.67)| 03 (1.36)| 1.8 (143)| -41 (1.75)| 3.9 19| 7.2 2.52)| 119 (2.09)| 19.5 (1.69)
Tunisia 6.6 (1.52)] 3.3 (1.26)| 5.8 (1.21)| -1.9 (1.34)| 3.5 (1.48)| -5.5 (1.76)] 10.8 (1.41)| 133 (1.36)
Uruguay 6.3 (L59)| -0.5 (154 57 (1.46)| -67 (1.99)| 2.2 (141)| -07 (242)| 147 (235)] 19.2 (1.5])
United Kingdom' 9.5 (1.07)| 1.0 (1.57)| 1.0 (119)| 3.7 (89| 29 (54| 94 73| 172 (2.26)] 323 (149)

1. Response rate too low to ensure comparability.
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Table C.1
Multivariate regression coefficients and standard errors (continued)

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States
Partners
Brazil

Hong Kong- China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia
Uruguay

United Kingdom‘I

Score point difference associated with the various factors shown below, before accounting for the other factors

Time students invest in learning

Learning strategies and preferences in mathematics

Out-of-school learning time

Learning strategies

Students’ preference
for learning situations

Attcnding
out-of-
school
classes

Hours per
week of
homework
in total

Hours per
week of
mathematics
homework

Working
with
a tutor

Control
strategies

Elaboration
strategies

Memo-
risation/
rehearsal
strategies

Competitive
learnin g
situations

Co-operative
]earning
situations

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

-14
-10.2
-4.8
-3.2
2.0
-5.8
-12.8
w
9.4
-2.4
-3.1
-4.9
2.1
-5.9
-3.0
-0.5
-6.1
-1.5
m
-10.6
-5.0
-4.3
-3.0
-3.0
-2.5
-5.3
-6.2
-2.5
-19

-4.2
-1.6
m
2.5
C
3.0
-1.6
-6.2
-0.3
-2.8
-5.3

-1.0

(1.57)
(3.13)
(1.57)
(1.26)
(1.62)
(2.09)
4.09)
(1.88)
(0.63)
(1.00)
(1.62)
(1.50)
(1.61)
1.07)
(0.66)
(1.94)
(3.85)
m
(1.65)
(2.36)
(1.09)
(1.11)
(1.10)
(0.86)
(3.16)
(2.27)
(1.23)
(2.10)

(1.34)
(0.90)
m
(1.41)
C
(2.10)
0.97)
(1.78)
(0.82)
(0.52)
(1.51)

(1.30)

6.5
1.7
7.4
6.6
3.8
0.3
5.9
w
2.0
5.8
4.5
9.9
9.5
0.5
8.5
11.8
6.7
7.8
7.1
12.1
9.4
10.4
5.8
0.5
10.7
4.9
6.1
5.4
9.2

8.8
9.9
m
3.6
C
6.1
2.7
1.0
11.0
0.6
2.6

14.0

(1.53)
(3.01)
(1.59)
(1.04)
(1.83)
(2.89)
(2.91)
(2.01)
(1.08)
(1.11)
(2.98)
(1.32)
(0.92)
(2.68)
(2.75)
(2.18)
(1.57)
(1.49)
(2.16)
(2.43)
(1.33)
(2.18)
(1.34)
(1.92)
(2.45)
(2.97)
(2.05)
(2.03)

(2.09)
(1.91)
m
(1.34)
C
(4.29)
(0.87)
(1.65)
(1.62)
(1.99)
(1.88)

(1.70)

-1.9
-5.3
-4.4
-39
-1.3
-6.4
-18.5
w
-6.3
-0.3
-4.5
-10.8
-5.3
-3.1
2.1
-3.7
9.1
-0.2
-6.6
-8.6
-17.6
-8.3
-5.8
-1.6
=59
-18.4
-14.6
3.7
=33

-5.5
2.8
m
-4.0
C
3.1
-1.3
0.7
0.5
1.5
-1.1

-10.3

(1.28)
(2.57)
(1.50)
(0.90)
(1.74)
(2.08)
2.43)
(.77
1.21)
(1.20)
(2.32)
(1.61)
(1.13)
(1.79)
(2.79)
(1.75)
(1.26)
(1.78)
(1.97)
(2.70)
(0.96)
(2.09)
(1.05)
(1.83)
(2.44)
(2.48)
(1.87)
1.21)

(1.89)
(1.69)
m
(1.67)
C
(3.28)
0.72)
(1.56)
(1.18)
(1.59)
(1.59)

(1.54)

-2.5
-4.5
-4.6
-4.2
-5.0
-1.5
-12.0
w
-3.5
-5.6
-4.1
-6.8
-1.5
-5.8
-8.8
-3.1
2.2
3.1
-5.4
-6.5
-13.7
-4.1
-3.3
1.1
-3.5
-125
-5.0
-4.5
-6.1

95
4.0

-3.8

-11.0
-5.2
-2.5
-39

-5.6
-5.9

(0.91)
(1.12)
(1.53)
(0.81)
(1.23)
(3.23)
(3.33)
(0.91)
(0.94)
(1.26)
(1.29)
1.27)
(0.82)
(1.44)
(0.89)
(1.24)
(4.59)
(1.23)
(1.79)
(2.43)
(0.90)
(0.84)
1.12)
(0.86)
(1.84)
(1.62)
(1.78)
(1.20)

(1.49)
(0.89)
m
(0.95)
C
(2.47)
(1.05)
(0.97)
(0.94)

(1.48)
(1.23)

43
0.2
2.2

43
2.8
5.5
0.5

w
1.1

0.0
31
14
16

0.9
23

44
13
0.2
5.7

5.3

0.3
1.6

4.8
34

3.7
-8.4

0.1

3.9
0.7

3.4
5.6
m

-1.8

4.1
-6.4
-0.5

3.6

1.2
-4.2

0.3

(1.17)
(1.16)
(1.05)
(1.14)
(1.41)
(1.83)
(1.50)
(1.40)
(1.67)
(1.57)
(1.50)
(1.49)
(1.33)
(1.28)
(1.84)
(1.40)
(1.16)
(1.29)
(1.60)
(.71
(1.58)
(1.65)
(1.39)
(1.49)
(1.41)
(1.18)
(1.91)
(1.52)

(1.97)
(1.29)
m
2.32)
C
(3.80)
(1.74)
(1.28)
(2.03)
(1.32)
(1.85)

(1.96)

-159 (1.20)
0.6 (1.06)
77 (1.37)
-8.1 (1.00)
0.7 (1.40)
71 (2.19)
-6.2 (1.39)
0.3 (1.02)
5.8 (1.67)
21 (114
-10.3 (1.83)
9.6 (1.46)
3.7 (1.29)
2.6 (1.34)
3.9 (147)
8.6 (1.34)
17 (143)
2.8 (1.46)
-16.6 (1.89)
-12.0 (1.70)
-6.5 (1.75)
-6.4 (1.85)
34 (1.80)
43 (1.28)
-6.0 (1.67)
-6.9 (1.53)
8.0 (1.52)
9.0 (1.60)

3.1 (2.00)
2.9 (1.97)
m m
1.5 (2.85)
C C
2.1 (3.75)
-6.7 (2.05)
2.0 (172)
1.3 (1.99)
0.1 (1.46)
17 (230

-15.1 (1.62)

51 (1.32)
8.3 (1.05)
1.9 (1.17)
4.1 (1.08)
-6.7 (1.27)
47 (1.63)
-4.8 (1.27)
-69 (1.12)
73 (1.93)
5.3 (1.20)
5.0 (1.64)
2.8 (1.74)
6.1 (1.35)
1.8 (1.38)
9.5 (1.63)
2.5 (1.27)
-4.8 (1.06)
2.0 (1.25)
-4.0 (1.56)
0.5 (1.75)
4.8 (1.58)
-6.0 (1.69)
5.8 (1.33)
24 (1.27)
0.7 (147)
7.0 (1.02)
1.2 (1.75)
S0 (146)

42 (2.29)
8.6 (1.56)
m m
3.6 (2.28)
C C
-10.4 (3.81)
4.5 (1.64)
8.1 (1.62)
9.9 (2.57)
0.2 (1.18)
0.6 (1.55)

1.0 (1.56)

1.1 (1.60)
1.2 (1.05)
3.0 (115)
2.0 (0.86)
14 (1.24)
4.8 (1.92)
0.1 (1.32)
03 (1.13)
2.4 (178)
-0.9 (1.28)
-0.3 (1.57)
0.3 (1.40)
11 (1.26)
0.6 (1.17)
2.0 (1.57)
0.0 (1.29)
2.0 (1.68)
2.6 (1.62)
5.1 (1.60)
2.5 (1.47)
1.1 (1.50)
2.0 (141)
21 (1.22)
0.5 (1.18)
1.2 (1.55)
4.0 (1.89)
19 (1.72)
0.9 (1.44)

1.5 (174)
-6.9 (1.62)
m m
04 (2.46)
C C
04 (441)
3.8 (1.97)
0.7 (1.64)
0.3 (2.18)
17 (1.63)
29 (1.62)

3.0 (1.57)

-3.9
0.2
1.0

-1.0

-0.4

-3.3
3.1

w
1.1

-0.6
3.6

-3.6
0.0

-0.6
4.0
0.3

-0.9

-3.0
1.9

-3.6
1.5

-1.7
0.3

-1.3
0.2
1.4
2.2

-0.7

-2.4

0.5
1.4
m
-1.5
c
2.9
0.0
-0.1
-1.6
-3.7
-0.7

-1.4

(1.13)
(0.84)
(1.11)
(0.89)
(1.05)
(1.56)
(1.36)
(1.09)
(1.31)
(1.54)
(1.34)
(1.54)
(1.02)
.11
(1.52)
(0.97)
(1.04)
(1.25)
(1.42)
(1.20)
(1.31)
(1.60)
(1.24)
(1.35)
(1.29)
(1.09)
(1.52)
.11

(2.15)
(1.60)
m
(1.99)
C
(3.56)
(1.53)
1.27)
2.13)
(1.11)
(134

(1.14)

1. Response rate too low to ensure comparability.
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Table C.2

Bivariate regression coefficients and standard errors

Score point difference associated with the various factors shown below, before accounting for the other factors

School characteristics

School average

School climate

Classroom climate

of the highest
international
socio-
economic index
of occupational .
status (HISEI) Attitudes Sense of Student- School aver-
between both towards | belongingat| teacher Disciplinary | age discipli- | Teacher
parents School size school school relations climate  |nary climate| support
Coeff. S.E. |Coeff. S.E. |Coeff. S.E. |Coeff. S.E. |Coeff. S.E. [Coeff. S.E. |Coeff. S.E. |Coeff. S.E.
OECD
Australia| 39.8 (3.37)| 249 (1.34)[ 102 (1.10)| 09 (1.19)| 3.4 (1.02)| 16.0 (0.89)| 29.5 (0.59)| 7.4 (1.24)
Austria| 47.1 (1.28)| 15.7 (5.19)| -2.2 (1.00)| 0.1 (0.95)| 0.3 (1.29)| 6.9 (1.31)| 24.2 (1.97)| -0.9 (1.46)
Belgium| 53.0 (2.46)| 293 (6.08)| -3.4 (1.10)| -0.8 (1.31)| -1.1 (L.11)| 10.8 (0.90)| 38.9 (3.48)| -2.2 (0.92)
Canada| 25.8 (0.78)| 114 (143)| 6.6 (0.87)| 1.4 (0.89)| 93 (1.05)| 143 (0.93)] 148 (0.97)| 63 (1.02)
Czech Republic| 539 4.60)| 86 (01| 13 (133)| 7.8 (1.7)| -14 (1.27)| 62 (1.05)| 18.6 (2.26)| -16 (1.44)
Denmark| 29.5 (1.85)| 33.0 (6.47)| 5.2 (1.64)| 17 (1.69)| 8.0 (1.65| 6.8 (1.97)| 159 (1.60)| 6.6 (2.00)
Finland| 9.7 (0.99)| 224 (2.84)| 121 (1.46)| -1.9 (1.23)| 8.9 (1.37)[ 10.3 (1.42)| 3.4 (1.29)| 49 (1.78)
France w w w w w w w w w w w w w w w w
Germany| 50.6 (3.37)| 8.2 (425)[ 3.8 (1.25)| 3.4 (136)| 04 (1.06)| 7.5 (116)| 257 (240)| 0.5 (1.13)
Greece| 40.2 (1.07)| 23 (16.24)] 5.6 (1.53)| 22 (144)| 27 (1.69)| 53 (1.56)| 246 (2.60)| 0.5 (1.70)
Hungary| 56.2 (1.28)| 224 (1144) 73 (136)| 2.0 (119)| 3.8 (119)| 3. (L) [ 180 (1.60)| 0.0 (1.21)
Iceland| 8.0 (1.87)| 5.1 (493)|15.0 (1.46)| 0.1 (1.45)| 11.7 (1.43)| 13.1 (1.76)| 6.7 (1.80)| 9.7 (1.87)
Ireland| 34.6 (1.69) | 17.3 (5.15)| 6.1 (1.46)| -4.7 (1.42)| 4.5 (1.70)| 15.8 (1.52)| 5.7 (0.92)| -1.7 (1.67)
Italy| 49.1 (0.68)| 115 (5.59)| 0.6 (1.08)] -0.5 (1.15)| -5.1 (1.06)| 46 (112)] 223 (0.49)| -26 (1.07)
Japan| 77.8 (0.83)| 253 (1.03)[ 0.8 (143)| -1.0 (1.50)| 3.0 (152)| 5.3 (1.84)| 421 (0.89)| 17 (1.77)
Korca| 58.3 (1.08)| 28.0 (4.64)| 1.2 (1.16)| 1.0 (1.31)| 6.2 (1.22)| 1.7 (1.38)| 371 (3.69)| 3.8 (1.42)
Luxembourg| 53.5 (1.16) | 4.5 (1.12)|-2.5 (1.33)| 4.4 (133)| 03 (1.33) 74 (1.23)| 60.3 (2.32)| -2.8 (L.13)
Mexico| 259 (0.32)| 5.3 (1.87)| 105 (L1)| 37 (0.94)| 3.1 (1.29)| 105 (1.32)] 23.8 (0.98)| 0.1 (1.02)
Netherlands| 52.1 (3.46)| 18.5 (2.84)| -L.1 (143)| 2.8 (147)| 3.0 (1.83)| 43 (1.68)| 193 (738)| 1.0 (1.33)
New Zealand| 36.0 (1.76)| 152 (0.94)| 3.4 (1.53)| 2.5 (1.38) 15.4 (172)| 147 (1.61)| 207 (1.38)| 4.4 (1.40)
Norway| 19.2 (1.71)| 8.8 (7.99)| 158 (1.86)| -0.2 (1.53)| 16.1 (l.61)| 11.4 (1.84)| 13.1 (1.62)| 13.7 (1.90)
Poland| 29.7 (1.36)| 18.3 (2.70)| -0.8 (1.72)| 7.5 (1.35)| -7.4 (1.80)| 15.0 (1.38)| 3.1 (1.55)| -0.8 (1.58)
Portugal| 35.5 (0.98)] 28.2 (3.85)| 6.6 (131)| 10.1 (1.50)| -0.5 (142) | 15.2 (1.64)| 365 (1.03)] -0.9 (1.75)
Slovak Republic| 467 (0.63)| 141 (7.64)| -6.4 (135)| 0.2 (130)| 96 (142)| 5.1 (134)[ 195 (0.75)] -6.8 (1.13)
Spain| 264 (0.59)| 9.6 (1| 5.1 (1.28)| 04 (137)| L1 (130)| B (134 150 (0.80)| -0.8 (1.46)
Sweden| 25.0 (1.62)| 16.6 (3.30)| 13.0 (1.46)| -0.4 (1.53)| 14.8 (1.37)| 13.2 (1.81)| 15.3 (2.00)| 3.1 (1.84)
Switzerland| 39.5 (0.90)| 10.1 (5.15)| 1.4 (1.90)| 3.0 (1.29)| 0.0 (1.81)| 11.0 (2.13)| 19.8 (1.00)| -1.6 (1.88)
Turkey| 50.0 (094)| 3.1 (3.16)| -L0 (13)| 96 (169)| 23 (146)| 3.5 (1.70)| 453 (1.50)| 2.0 (1.40)
United States| 411 (0.91)| 11 227) 66 (1.23)| m m |10.0 (1.41)] 206 (1.23)] 279 0.95| 67 (1.31)
Partners
Brazil| 40.2 (1.74)| 2.7 (2.19)| 1.7 (1.40)| 3.1 (1.12)| 46 (1.34)]| 104 (1.90)| 35.1 (3.97)| -5.8 (1.42)
Hong Kong-China| 48.7 (1.24) [116.4 (7.65)| 6.3 (1.90)| 5.5 (1.62)| 6.7 (1.41)[ 10.7 (1.33)| 77.2 (1.28)| 8.1 (1.63)
Indonesia| m m m m m m m m m m m m m m m m
Latvia| 26.6 (1.37)] 303 (2.65)| 87 (1.94)| 94 (2.10)| 0.8 (2.05)] 152 (248)| 7.0 (0.92) 03 (.11
Liechtenstein ¢ C C C C C C C C C C [¢ [¢ C C [¢
Macao-China| 23.8 (3.52)| 4.5 (2.82)| 1.2 (5.68)| 43 (5.21)| 40 (3.81)| 154 @*.12)] 45.0 (3.93)| 3.6 (441
Russian Fed.| 30.4 (1.18) | 14.8 (4.91)| 3.6 (1.38)| 7.7 (1.00)| -4.7 (1.35)| 147 (1.56)| 17.5 (1.12)| 3.5 (1.46)
Serbia| 412 (0.66)| 8.8 (1.52)[-0.8 (1.32)| 0.2 (1.02)[-11.8 (1.35)| 103 (1.52)] 33.7 (0.68)| 8.2 (1.22)
Thailand| 36.4 (0.82)| 13.9 (0.29)| 7.6 (1.31)| 6.9 (1.42)|-4.8 (1.34)| 19.2 (1.50)| 16.1 (1.06)| 5.3 (1.28)
Tunisia| 319 (0.32)] 12.6 (448)| 4.8 (0.87)| 3.6 (0.93)] -43 (0.85)| 7.1 (1.23)] 203 (0.66)| -0.1 (1.17)
Uruguay| 444 (076)] 40.0 (L6l)| 21 (L6l)| 23 (1.26) -67 (1.27)| 7.4 (1.82)] 339 (1.07)| -4.8 (1.55)
United Kingdom'| 37.3 (2.87)| 1.0 71| 9.8 (1.23)] 02 (12n] 142 (146)] 200 (1.10)] 226 (176)| 7.4 (1.31)

1. Response rate too low to ensure comparability.
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Table C.2

Bivariate regression coefficients and standard errors (continued)

Score point difference associated with the various factors shown below, before accounting for the other factors

Student characteristics

Home background

Self-related cognitions in mathematics

The highest
international The highest
socio-economic level of
index of occu- education
pational status between Numb
(HISEI) between| both parents boo

er of

ks

both parents (HISCED) | in the home

An

xiety
R J
m

mathematics

Instrumental | Interest in

motivation and Self-concept
in enjoyment of in

mathematics | mathematics | mathematics

Self-efficacy in
mathematics

Coeff. S.E. | Coeff. S.E. | Coeff.

S.E.

Coeff.

S.E.

Coeff. S.E. |Coeff. S.E. [Coeff. S.E.

Coeff.

S.E.

OECD
Australia 19.8 (1.30)| 124 (1.49)| 21.4
Austria 7.0 (1.21)| 1.9 (1.68)| 17.1
Belgium 179 (L.13)| 11.0 (1.25)| 16.8
Canada 18.1 (1.06)| 18.5 (1.49)| 20.6
Czech Republic 153 (1.59) | 17.8 (2.09)| 19.8
Denmark 25.4 (1.75)] 25.8 (2.02)| 27.6
Finland 21.7 (1.28)| 19.4 (1.52)| 28.6
France w w w w w
Germany 13.0 (1.5)| 1.4 (134)| 17.8
Greece 122 (1.66)| 10.8 (1.45)| 17.0
Hungary 10.1 (1.62)| 13.1 (1.66)| 15.2
Iceland 129 (1.50)| 20.1 (1.79) | 24.9
Ireland 22.2 (1.73)| 18.9 (1.59)| 24.1
aly 73 (L[ 30 (L1 107

Japan 2.0 (147)| 35 (L64)| 10.8
Korea 7.5 (1.52)| 6.3 (1.20)| 24.0
Luxembourg 153 (1.42)| 8.5 (1.08)| 16.5
Mexico 4.8 (0.96)| 2.0 (0.99)| 5.
Netherlands 9.5 (1.35)| 4.3 (1.21)| 12.9
New Zealand 23.1 (1.44)| 209 (1.93)| 29.0
Norway 28.4 (1.75)| 23.8 (2.30)| 29.7
Poland 32.2 (1.74)| 359 (2.36)| 31.2
Portugal 22.6 (1.40)| 10.4 (1.10)| 24.9
Slovak Republic 14.5 (1.25)| 18.2 (2.16) | 26.4
Spain 15.8 (1.25)| 10.2 (0.86)| 28.8
Sweden 27.3 (1.79)| 159 (1.75)| 34.4
Switzerland 18.6 (1.54)| 13.6 (1.34)| 25.3
Turkey 64 (1.60)| 6.1 (1.39)] 15.3
United States 22.2 (1.26)| 20.0 (1.90) | 28.4
Partners
Brazil 13.1 (2.26)| 0.1 (1.20)| 12.0

Hong Kong-China 5.7 (1.76)| -0.7 (2.01)| 12.9
Indonesia m m m m m
Latvia 156 (1.82)| 189 (3.95)| 21.3
Liechtenstein c c c c c
Macao-China 6.1 (4.10)| 24 (3.23)| 7.0
Russian Fed. 12.8 (1.51)| 15.8 (1.92)| 18.6
Serbia 111 (143)| 7.4 (1.50)| 15.3
Thailand 9.7 (1.39)| 5.4 (1.21)| 83
Tunisia 105 (1.39)| 4.2 (1.06)| 11.7
Uruguay 13.0 (1.36) 7.3 (1.47)| 129

United Kingdom' 21.8 (1.38)| 18.5 (1.77)] 26.0

(0.95)
(1.28)
(1.12)
(0.98)
(1.63)
.77
(1.47)
1.17)
(1.31)
(1.24)
(1.73)
(1.48)
(1.18)
(1.26)
(1.55)
(1.30)
(1.57)
(1.34)
(1.59)
(1.66)
(1.49)
(1.53)
(1.89)
(1.36)
(1.51)
(1.21)
(1.70)
(1.18)

2.27)
(1.42)
m
(2.16)
C
(3.70)
(1.40)
(1.76)
(1.66)
(1.44)
(1.86)

(1.37)

-34.2
=209
-23.0
-30.6
-32.0
-42.8
-41.7

w
-22.2
-28.6
-23.6
-33.1
-30.0
-25.5
-14.4
-18.3
-20.8
-26.0
-20.4
-44.4
-41.3
-44.8
-27.7
-37.0
-22.6
-41.2
-26.1
-19.3
-30.1

-27.4
-20.3
m
-42.1
C
-26.4
-37.3
-23.6
-14.9
-10.0
-28.2

-29.9

(1.25)
(1.03)
(1.09)
(0.79)
(1.35)
(1.40)
(1.51)
(0.87)
(1.42)
(1.23)
(1.34)
(1.53)
(1.29)
(1.18)
(1.38)
1.17)
(1.19)
(1.43)
(1.35)
(1.33)
(1.34)
(1.40)
(1.03)
(1.74)
(1.56)
(1.04)
(1.52)
1.17)

(2.24)
1.72)
m
(1.99)
C
371
(1.68)
(1.23)
(1.58)
(1.33)
1.71)

(1.20)

156 (0.94)| 17.2 (1.07)| 394 (1.10)
31 (1L15)] 102 (1.22)| 23.5 (1L.12)
1.6 (1.20)| 151 (1.18)] 24.7 (1.19)
19.0 (0.86)| 199 (0.94)| 34.1 (0.66)
141 (138)| 18.4 (1.52)| 32.8 (1.27)
2.0 (148)| 28.1 (1.56)| 45.4 (1.28)
266 (171)| 302 (1.61) | 449 (1.19)
9.7 (1.29)| 143 (1.09)| 23.1 (0.97)
132 (133)| 198 (130)| 341 (1.56)
8.1 (134)| 10.8 (1.52)| 23.7 (1.25)
18.0 (1.68)| 247 (145)| 39.6 (1.14)
83 (140)| 17.1 (1.52)| 324 (1.55)
99 (1.29)| 14.1 (1.15)| 23.6 (1.06)
1.5 (115)| 159 (1.11)| 18.2 (1.10)
19.0 (1.15)| 233 (1.03)| 321 (1.26)
47 (1.19)| 9.8 (L18)| 19.1 (1.14)
57 (132)| 79 (152)| 229 (0.99)
105 (1.29)| 150 (147)| 224 (1.44)
163 (172)| 159 (1.62)| 442 (1.32)
279 (1.55)] 34.0 (1.36)| 457 (1.23)
18.8 (1.63)| 177 (1.37)] 44.8 (1.39)
150 (159 | 156 (1.75)| 309 (1.18)
1.8 (1.36)| 154 (1.67)| 39.9 (1.44)
192 (1.04)| 20,6 (1.24) 30.5 (1.13)
229 (1.83)| 27.2 (1.63)] 46.2 (1.56)
8.4 (1.54)| 145 (136)] 253 (1.15)
93 (147)| 129 (1.64)| 222 (1.56)
168 (1.23)] 129 (1.18)] 32.2 (1.19)

05 (172)| 53 07| 223 157
157 (1.50)| 22.0 (1.25)| 27.1 (1.56)
m m m m m m
19.2 (1.61)| 16.5 (243)] 41.8 (1.93)
C C C C C C
45 (379)] 192 @#18)] 30.6 (3.69)
101 (1L54)| 115 (1.70) | 341 (1.63)
21 (13))] 17 (1.57)] 233 (1.48)
9.0 (1.69)| 64 (179 169 (1.71)
99 (1.18)| 8.4 (1.17)| 13.9 (0.96)
100 (1.31)| 159 (1.62)| 27.5 (1.40)

1.6 (1.45)| 13.8 (1.30)| 345 (1.43)

43.4
27.8
33.0
39.7
38.3
48.7
45.5

w
32.6
33.1
29.9
40.1
44.0
34.4
30.4
35.6
31.8
20.1
27.3
48.8
46.4
50.7
43.2
39.4
36.5
51.8
40.0
24.8
41.4

19.8
34.8
m
47.0
C
38.2
38.0
22.0
23.6
18.2
28.5

44.4

(0.88)
(1.18)
(1.50)
(0.83)
(1.19)
(1.78)
(1.40)

(1.23)
(1.93)
(1.21)
(1.27)
(1.35)
(1.38)
(1.34)
(1.36)
(1.18)
1.27)
(1.25)
(1.36)
(1.52
(1.93
(1.88
(1.49)
(1.38)
(1.61)
(1.47)
(1.59)
(1.17)

(1.84)
(1.61)

(2.61)

(3.90)
(1.97)
(1.83)
(1.73)
(1.32)
(1.60)

(1.29)

1. RCSPOI’ISC rate too low to ensure comparab
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Table C.2
Bivariate regression coefficients and standard errors (continued)

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

Ttaly

Japan

Korea
Luxembourg
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United States
Partners
Brazil

Hong Kong- China
Indonesia
Latvia
Liechtenstein
Macao-China
Russian Fed.
Serbia
Thailand
Tunisia
Uruguay

United Kingdom‘I

Score point difference associated with the various factors shown below, before accounting for the other factors

Time students invest in learning

Learning strategies and preferences in mathematics

Out-of-school learning time

Learning strategies

Students’ preference
for learning situations

Attending
out-of-
school
classes

Hours per
week of
homework
in total

Hours per
week of
mathematics
homework

Working
with
a tutor

Control
strategies

Elaboration
strategies

Memo-
risation/
rehearsal
strategies

Competitive
learnin g
situations

Co-operative
]earning
situations

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

Coeff. S.E.

9.2 (1.89)
-134 (3.24)
-10.6 (1.63)
7.3 (1.68)
5.5 (1.97)
127 (2.45)
-13.8 (5.35)
135 (2.67)
0.3 (0.71)
-6.7 (0.73)
-10.1 (2.26)
1.0 (1.92)
9.3 (1.90)
2.2 (1.17)
3.7 (0.66)
9.0 (1.88)
5.1 (0.97)
m m
-17.3 (1.66)
-10.4 (2.81)
5.9 (1.32)
34 (1.27)
3.7 (1.58)
3.9 (0.95)
124 (4.22)
8.3 (3.37)
3.0 (0.98)
133 (2.49)

3.9 (0.98)
0.6 (0.88)
m m
2.9 (1.84)
C C
7.8 (2.23)
0.6 (1.07)
9.3 (2.02)
0.6 (0.96)
0.7 (0.58)
74 (1.50)

0.7 (1.44)

14.7
-6.9
5.5
9.4
2.3
2.9
-4.2
w
-4.5
9.0
0.4
8.5
14.9
0.5
10.0
15.4
-1.0
13.0
24
18.5
8.0
8.4
7.7
-1.9
15.0
4.6
-6.3
5.1
18.1

7.8
11.7
m
1.4
C
13.0
3.5
3.1
16.9
6.8
5.4

19.6

(1.38)
(2.23)
(1.48)
(1.20)
(1.80)
(2.83)
(2.44)
(1.76)
(1.29)
(0.94)
(2.81)
(1.38)
0.77)
(2.06)
(2.38)
(2.03)
(1.07)
(1.43)
(2.65)
(2.26)
(1.18)
(2.02)
(1.52)
(1.87)
Q.71
(2.49)
(1.46)
(1.89)

(1.58)
(1.17)
m
(1.30)
C
(3.27)
(1.00)
(1.49)
(1.31)
(1.68)
(1.50)

1.72)

8.3
-15.8
2.3
1.2
-11.9
-10.3
-18.5
w
-12.1
5.3
-6.1
-8.4
3.0
-2.7
4.9
8.0
-12.5
7.3
-8.4
1.2
9.8
-6.4
1.3
-5.5
3.0
-25.8
-199
2.1
4.6

0.2
7.2
m
-6.0
C
5.3
-1.8
0.5
10.0
5.2
0.7

-3.1

(1.42)
(2.35)
(1.42)
(1.00)
1.72)
(1.89)
(2.37)
(1.49)
(1.24)
(1.15)
(2.28)
(1.64)
(1.22)
(1.45)
(2.05)
(.71
(0.74)
(1.62)
2.32)
(1.91)
(0.92)
(.77
(1.15)
(1.65)
(2.94)
(2.38)
(1.35)
(1.19)

(1.52)
(1.19)
m
(1.58)
C
2.07)
(0.86)
(1.23)
(0.93)
(1.33)
(1.42)

(1.54)

6.5 (1.03)
-13.8 (1.28)
-11.0 (1.63)
-11.5 (0.87)
9.3 (1.22)
-18.7 (3.62)
22,0 (3.84)
-12.2 (0.85)
-6.0 (1.04)
9.2 (0.97)
-16.4 (1.55)
-10.4 (1.42)
-10.5 (1.02)
9.4 (1.53)
2.8 (0.88)
9.4 (115)
42 (2.47)
-10.0 (1.55)
-14.5 (1.76)
-25.8 (2.49)
-10.0 (1.22)
3.6 (0.85)
2.0 (1.26)
7.2 (0.88)
-22.2 (2.56)
129 (1.71)
-6.4 (1.68)
-14.6 (1.16)

-15.7 (1.25)
-6.4 (1.04)
N/A m
9.9 (1.19)
c ¢
-15.3 (2.83)
9.2 (1.23)
-6.3 (1.04)
-4.9 (1.01)
N/A m
-14.2 (1.57)

8.3 (1.43)

12.4
-3.6
-2.4
11.5
-0.9
4.4
11.4
w
-5.9
3.0
-4.7
4.4
3.7
2.0
7.4
20.0
-4.6
27
-3.6
11.0
14.5
4.3
12.3
-5.2
11.5
0.2
-3.0
8.9
5.5

0.6
14.9

-6.1

4.5
2.0
-4.1

6.1

7.0
-0.7

9.2

1.27)
(1.06)
(1.19)
(1.05)
(1.67)
.17)
(1.36)
(1.23)
(1.41)
(1.33)
(1.62)
(1.48)
(1.30)
(1.13)
(1.16)
(1.30)
(0.99)
(1.95)
(1.46)
(1.58)
(1.88)
(1.53)
(1.49)
(1.13)
(1.86)
(1.50)
(1.43)
(1.32)

(1.59)
(1.45)
m
(2.74)
C
4.07)
(1.37)
(1.02)
(1.34)
(1.02)
(1.50)

(1.74)

0.0
3.1
1.2
7.5
12.6
10.7
16.8
w
4.6
8.4
3.1
0.4
-0.5
5.7
9.1
17.7
-2.5
2.4
5.9
-2.9
8.0
7.4
10.6
4.5
11.4
9.9
-0.1
4.3
-1.0

-1.0
14.8

6.3

14.6
4.1
2.5
5.1
7.8
3.7

-1.7

(0.99)
(1.08)
(1.36)
(1.01)
(1.37)
(2.00)
(1.34)
(1.26)
(1.32)
(1.16)
(1.58)
(1.73)
(1.21)
(1.07)
(1.12)
(1.14)
(1.02)
(1.43)
(1.88)
(1.47)
(1.84)
(1.61)
(1.58)
(1.06)
(2.03)
(1.44)
1.17)
(1.25)

(1.38)
(1.45)
m
(3.34)
C
(3.92)
(1.65)
(1.49)
(1.55)
(0.91)
(1.45)

(1.75)

79 (1.17)
-11.3 (0.97)
-6.7 (135)
6.5 (0.97)
5.7 (1.52)
9.5 (1.80)
6.6 (1.48)
9.1 (1.16)
17 (1.91)
-6.2 (0.94)
0.5 (1.47)
47 (1.65)
5.5 (1.23)

7.2 (1.29)

71 (1.24)
7.6 (1.24)

14 (0.96)
5.2 (L6l

5.7 (1.48)
21.8 (1.55)
3.7 (1.87)
23 (1.71)
-6.7 (1.47)
6.8 (1.23)
14.4 (1.82)
-111 (1.38)
3.2 (1.47)

3.4 (1.31)

473 (1.91)
3.7 (1.51)
m m
1.3 (3.09)
C C
120 (4.12)
0.6 (1.27)
124 (1.53)
0.3 (1.66)
59 (0.92)
1.6 (1.49)

103 (1.64)

12,5 (1.26)
0.5 (1.03)
0.3 (118)
12.1 (0.93)
125 (1.34)
223 (1.65)
19.7 (1.34)
59 (1.22)
11.8 (1.41)
6.7 (1.30)
14.0 (1.69)
5.6 (1.79)
5.7 (1.39)
9.7 (0.94)
221 (1.10)
1.0 (1.24)
6.0 (1.28)
2.8 (1.75)
69 (1.82)
18.5 (1.44)
123 (1.91)
5.4 (1.29)
9.1 (1.36)
115 (1.08)
16.5 (1.89)
3.1 (1.84)
109 (1.27)
8.4 (1.33)

3.5 (1.87)
3.1 (1.47)
m m
3.2 (2.23)
C C
9.0 (4.32)
133 (1.45)
24 (1.38)
2.7 (1.79)
8.9 (1.18)
1.0 (1.73)

5.7 (1.90)

2.5
-2.2
-4.3
-5.0
-5.6
-4.0
3.0
w
0.7
0.5
0.6
-14
2.9
-3.7
7.8
21.3
-5.2
-1.1
1.1
-5.4
1.0
-5.0
2.3
-11.3
6.9
4.3
-4.0
2.4
-3.8

-3.3
12.9

-5.3

5.3
4.7
-5.1
4.8
3.6
-1.9

-1.4

(1.30)
(1.09)
(1.27)
(1.01)
(1.23)
(1.72)
(1.66)
(1.09)
(1.23)
(1.43)
(1.43)
(1.73)
(1.01)
(1.19)
(1.28)
(1.08)
(1.03)
(1.82)
(1.62)
(1.56)
(1.65)
(1.87)
(1.49)
(1.18)
(2.00)
(1.16)
(1.04)
1.17)

(1.65)
(1.55)
m
(2.44)
C
(3.93)
(1.46)
(1.28)
(1.69)
(1.00)
(1.34)

(1.50)

1. Response rate too low to ensure comparability.
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[ |
2 Table C.3
—g Variance explained by the multivariate multilevel model on teaching and learning strategies
(0]
€
E Variance explained
—.“; Between schools Within schools
E OECD
= Australia 0.81 0.38
2 Austria 0.78 0.31
~ Belgium 0.77 0.29
< Canada 0.70 0.41
= Czech Republic 0.79 0.34
g Denmark 0.75 0.44
= Finland 0.50 0.47
U France w w
gj Germany 0.84 0.35
c Greece 0.73 0.27
é(: Hungary 0.82 0.27
Iceland 0.56 0.42
Ireland 0.87 0.40
Italy 0.64 0.26
Japan 0.83 0.22
Korea 0.80 0.29
Luxembourg 0.92 0.30
Mexico 0.64 0.22
Netherlands 0.80 0.27
New Zealand 0.85 0.44
Norway 0.64 0.48
Poland 0.83 0.47
Portugal 0.85 0.36
Slovak Republic 0.80 0.39
Spain 0.66 0.32
Sweden 0.72 0.49
Switzerland 0.75 0.37
Turkey 0.68 0.22
United States 0.84 0.42
Partners
Brazil 0.77 0.24
Hong Kong-China 0.77 0.27
Indonesia m m
Latvia 0.68 0.37
Liechtenstein c c
Macao-China 0.71 0.31
Russian Federation 0.56 0.30
Serbia 0.81 0.26
Thailand 0.64 0.19
Tunisia 0.74 0.17
Uruguay 0.83 0.25
United Kingdom1 0.82 0.44

1. Response rate too low to ensure comparability.
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Table C.4
Variance explained by model changes

Model 1 Model 2 Model 3 Model 4
Students’ interest
Parents’ highest in and enjoyment
occupational status, Students’ attitudes of mathematics and
Variance in parents’ highest level | towards school and | students’ instrumental Students’
mathematics of education, number | students’ sense of | motivation in learning anxiety in
performance of books in the home | belonging at school mathematics mathematics
Between Within Between ~ Within Between  Within Between — Within Between Within
schools schools schools schools schools schools schools schools schools schools
OECD
Australia 1927 7127 0.39 0.07 0.41 0.08 0.41 0.11 0.46 0.19
Austria 5250 4265 0.22 0.04 0.22 0.05 0.22 0.07 0.26 0.17
Belgium 7240 5691 0.22 0.06 0.22 0.07 0.22 0.11 0.23 0.15
Canada 1270 6210 0.30 0.08 0.31 0.08 0.30 0.15 0.35 0.24
Czech Republic 4942 4662 0.27 0.06 0.27 0.06 0.28 0.11 0.35 0.20
Denmark 1147 7260 0.52 0.11 0.53 0.11 0.51 0.20 0.57 0.33
Finland 343 6659 0.19 0.13 0.23 0.14 0.25 0.23 0.29 0.33
Fr ance w w w w w w w w w w
Germany 6101 4473 0.27 0.06 0.27 0.06 0.25 0.12 0.31 0.20
Greece 3357 5869 0.25 0.04 0.26 0.04 0.25 0.10 0.28 0.15
Hungary 5710 4068 0.28 0.03 0.28 0.04 0.25 0.08 0.30 0.14
Iceland 319 7842 0.36 0.08 0.40 0.11 0.36 0.16 0.40 0.24
Ireland 1218 6124 0.56 0.09 0.57 0.10 0.56 0.14 0.62 0.21
Italy 4915 4463 0.13 0.02 0.13 0.02 0.12 0.06 0.17 0.12
Japan 5400 4757 0.07 0.02 0.07 0.02 0.13 0.07 0.10 0.08
Korea 3607 5006 0.27 0.07 0.27 0.07 0.41 0.15 0.40 0.16
Luxembourg 2673 5841 0.35 0.06 0.36 0.06 0.34 0.08 0.40 0.14
Mexico 2496 3872 0.09 0.00 0.16 0.03 0.12 0.04 0.20 0.11
Netherlands 5508 3345 0.18 0.05 0.18 0.05 0.16 0.11 0.18 0.16
New Zealand 1781 7956 0.46 0.11 0.47 0.13 0.41 0.15 0.58 0.27
Norway 578 7898 0.39 0.13 0.43 0.15 0.52 0.26 0.57 0.35
Poland 1035 7139 0.62 0.13 0.62 0.14 0.61 0.18 0.66 0.33
Portugal 2620 5167 0.36 0.11 0.39 0.12 0.38 0.15 0.41 0.20
Slovak Republic 3794 5003 0.36 0.08 0.37 0.09 0.34 0.13 0.38 0.25
Spain 1489 6050 0.41 0.10 0.41 0.10 0.41 0.16 0.44 0.19
Sweden 970 8026 0.48 0.14 0.50 0.16 047 0.22 0.57 0.32
Switzerland 3165 6114 0.28 0.10 0.29 0.10 0.27 0.14 0.32 0.21
Turkey 5915 4864 0.18 0.03 0.19 0.04 0.19 0.07 0.24 0.11
United States 2345 6754 0.46 0.12 0.46 0.12 0.40 0.16 0.52 0.25
OECD average 3069 5822 0.32 0.08 0.34 0.08 0.33 0.13 0.38 0.21
Partners
Brazil 4159 5180 0.18 0.02 0.18 0.02 0.16 0.03 0.28 0.10
Hong Kong-China 4573 5226 0.09 0.02 0.10 0.03 0.17 0.10 0.20 0.12
Indonesia m m m m m m m m m m
Latvia 1761 6059 0.29 0.07 0.30 0.08 0.30 0.11 0.41 0.23
Liechtenstein c c c c c c c c c c
Macao-China 1455 6404 0.08 0.00 0.10 0.01 0.14 0.06 0.16 0.12
Russian Fed. 2558 5951 0.22 0.05 0.22 0.06 0.22 0.07 0.29 0.17
Serbia 2566 4681 0.25 0.03 0.25 0.03 0.23 0.04 0.37 0.13
Thailand 2602 4394 0.21 0.01 0.22 0.02 0.22 0.03 0.22 0.04
Tunisia 2807 3882 0.21 0.03 0.23 0.04 0.23 0.06 0.24 0.07
Uruguay 4618 5899 0.25 0.03 0.25 0.03 0.23 0.07 0.31 0.12
United Kingdom' 1892 6322 0.47 0.11 0.47 0.12 0.46 0.14 0.51 0.22

1. Response rate too low to ensure comparability.
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Table C.4
Variance explained by model changes (continued)

Model 5 Model 6 Model 7 Model 8 Model 9
Hours per week of
total homework,
hours per week Preference for
Students’ self-efficacy of mathematics Memorisation/ competitive learning

in mathematics and
students’ self-concept

homework, tutoring
in mathematics,

rehearsal strategies,
claboration strategies,

situtations, preference
for co-operative

Teacher support,
student-teacher

in mathematics out-of-school classes control strategies learning situtations relations
Between Within Between  Within Between  Within Between — Within Between Within
schools schools schools schools schools schools schools schools schools schools
OECD

Australia  0.57 0.32 0.61 0.34 0.65 0.37 0.65 0.37 0.67 0.38
Austria  0.40 0.26 0.44 0.29 0.47 0.31 0.47 0.31 0.49 0.31
Belgium 0.31 0.24 0.39 0.26 0.43 0.28 0.43 0.28 0.46 0.29
Canada 0.50 0.37 0.52 0.39 0.56 0.40 0.56 0.40 0.57 0.41
Czech Republic ~ 0.49 0.30 0.53 0.32 0.55 0.33 0.55 0.33 0.57 0.34
Denmark  0.62 0.40 0.65 0.42 0.67 0.44 0.66 0.44 0.68 0.44
Finland 043 043 0.44 0.45 0.46 0.46 0.46 0.46 0.48 0.47

Fr ance w w w w w w w w w w
Germany 0.42 0.29 0.48 0.33 0.51 0.34 0.51 0.34 0.53 0.35
Greece  0.40 0.21 0.46 0.25 0.48 0.27 0.48 0.27 0.49 0.27
Hungary — 0.45 0.23 0.50 0.26 0.51 0.27 0.52 0.27 0.53 0.27
Iceland  0.35 0.35 0.45 0.39 0.52 0.42 0.53 0.42 0.54 0.42
Ireland 0.76 0.33 0.77 0.36 0.79 0.38 0.79 0.38 0.79 0.40
Italy 0.30 0.22 0.32 0.25 0.35 0.26 0.35 0.26 0.39 0.26
Japan  0.37 0.17 0.45 0.21 0.46 0.22 0.46 0.22 0.50 0.22
Korea  0.56 0.24 0.59 0.28 0.60 0.29 0.60 0.29 0.61 0.29
Luxembourg ~ 0.51 0.24 0.54 0.27 0.57 0.29 0.57 0.29 0.60 0.30
Mexico 0.29 0.17 0.36 0.19 0.36 0.20 0.36 0.20 0.39 0.22
Netherlands 0.27 0.24 0.36 0.26 0.37 0.26 0.37 0.26 0.38 0.27
New Zealand ~ 0.61 0.37 0.68 0.41 0.73 0.43 0.73 0.44 0.75 0.44
Norway  0.59 0.43 0.61 0.46 0.61 0.47 0.61 0.47 0.62 0.48
Poland 0.74 0.42 0.75 0.44 0.76 0.46 0.76 0.46 0.78 0.46
Portugal 0.55 0.30 0.59 0.33 0.61 0.35 0.62 0.35 0.66 0.36
Slovak Republic 0.55 0.36 0.57 0.37 0.59 0.38 0.58 0.38 0.61 0.39
Spain  0.49 0.27 0.52 0.31 0.54 0.31 0.54 0.31 0.57 0.32
Sweden  0.60 0.43 0.66 0.47 0.67 0.48 0.67 0.48 0.66 0.49
Switzerland 0.52 0.30 0.55 0.33 0.59 0.35 0.60 0.35 0.63 0.36
Turkey 0.37 0.17 0.40 0.19 0.41 0.20 0.41 0.20 0.44 0.22
United States  0.60 0.35 0.71 0.39 0.74 0.41 0.74 0.41 0.76 0.42
OECD average 0.49 0.30 0.54 0.33 0.56 0.35 0.56 0.35 0.58 0.35

Partners

Brazil 0.39 0.15 0.55 0.23 0.57 0.23 0.57 0.24 0.58 0.24
Hong Kong-China ~ 0.39 0.22 0.46 0.26 0.48 0.27 0.48 0.27 0.49 0.27
Indonesia m m m m m m m m m m
Latvia 0.49 0.33 0.51 0.35 0.52 0.36 0.52 0.36 0.55 0.37

Liechtenstein c c c c c c c c c c
Macao-China 0.39 0.21 0.54 0.27 0.55 0.29 0.55 0.29 0.57 0.30
Russian Fed.  0.35 0.24 0.37 0.27 0.39 0.28 0.39 0.28 0.43 0.30
Serbia  0.47 0.20 0.48 0.22 0.51 0.24 0.51 0.24 0.58 0.26
Thailand 0.28 0.09 0.33 0.14 0.34 0.15 0.35 0.15 0.37 0.19
Tunisia 0.35 0.12 0.41 0.15 0.41 0.15 0.42 0.15 0.47 0.17
Uruguay 0.40 0.18 0.48 0.23 0.50 0.24 0.51 0.24 0.55 0.25
United Kingdom' ~ 0.64 0.35 0.68 0.40 0.71 0.42 0.71 0.42 0.73 0.44

1. Response rate too low to ensure comparability.
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Table C.4
Variance explained by model changes (continued)

Model 10

Model 11

Model 12

School average of the
highest international
socio-economic index
of occupational status
(HISEI) between both
parents

School size

Disciplinary climate
and school average
disciplinary climate

Between Within

Between Within

Between Within

schools schools schools schools schools schools
OECD

Australia  0.81 0.38 0.81 0.38 0.81 0.38
Austria  0.72 0.31 0.75 0.31 0.78 0.31
Belgium 0.70 0.29 0.70 0.29 0.77 0.29
Canada 0.67 0.41 0.69 0.41 0.70 0.41
Czech Republic ~ 0.77 0.33 0.77 0.33 0.79 0.34
Denmark  0.72 0.44 0.73 0.44 0.75 0.44
Finland  0.48 0.47 0.50 0.47 0.50 0.47

France w w w w w w
Germany 0.80 0.35 0.80 0.35 0.84 0.35
Greece  0.71 0.27 0.72 0.27 0.73 0.27
Hungary  0.79 0.27 0.80 0.27 0.82 0.27
Iceland  0.54 0.42 0.56 0.42 0.56 0.42
Ireland 0.86 0.40 0.87 0.40 0.87 0.40
Italy 0.63 0.26 0.63 0.26 0.64 0.26
Japan  0.73 0.22 0.73 0.22 0.83 0.22
Korea  0.75 0.29 0.76 0.29 0.80 0.29
Luxembourg ~ 0.91 0.30 0.91 0.30 0.92 0.30
Mexico 0.59 0.22 0.61 0.22 0.64 0.22
Netherlands 0.75 0.26 0.78 0.27 0.80 0.27
New Zealand  0.84 0.44 0.85 0.44 0.85 0.44
Norway  0.63 0.48 0.63 048 0.64 0.48
Poland 0.82 0.47 0.82 0.47 0.83 0.47
Portugal 0.75 0.36 0.78 0.36 0.85 0.36
Slovak Republic 0.78 0.39 0.78 0.39 0.80 0.39
Spain  0.65 0.32 0.65 0.32 0.66 0.32
Sweden  0.69 0.49 0.71 0.49 0.72 0.49
Switzerland 0.72 0.37 0.72 0.37 0.75 0.37
Turkey 0.61 0.22 0.61 0.22 0.68 0.22
United States  0.82 0.42 0.82 0.42 0.84 0.42
OECD average 0.73 0.35 0.73 0.35 0.76 0.36

Partners

Brazil 0.75 0.24 0.75 0.24 0.77 0.24
Hong Kong-China ~ 0.60 0.27 0.72 0.27 0.77 0.27

Indonesia m m m m m m
Latvia 0.62 0.37 0.67 0.37 0.68 0.37

Liechtenstein c c c c c c
Macao-China 0.63 0.30 0.69 0.30 0.71 0.31
Russian Fed. 0.52 0.30 0.52 0.30 0.56 0.30
Serbia  0.76 0.26 0.76 0.26 0.81 0.26
Thailand 0.62 0.19 0.64 0.19 0.64 0.19
Tunisia 0.70 0.17 0.71 0.17 0.74 0.17
Uruguay 0.78 0.25 0.79 0.25 0.83 0.25
United Kingdom'  0.80 0.44 0.81 0.44 0.82 0.44

1. Response rate too low to ensure comparability.
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Table C.5
Effect of mathematics achievement of learning strategies controlling for self-efficacy

Dependent Variable: Student mathematics achievement

Memorisation

Elaboration

Control strategies

Mathematics self-

(Constant) strategies (WLE) strategies (WLE) (WLE) efficacy (WLE)
B S.E. B S.E. B S.E. B S.E. S.E. B
OECD
Australia  519.61 0.18 -0.82 0.26 -19.92 0.24 5.47 0.26 48.41 0.19
Austria  498.06 0.33 -14.68 0.30 -9.17 0.27 1.95 0.29 43.17 0.29
Belgium 532,99 0.29 -4.07 0.38 -16.08 0.34 -2.93 0.38 44.10 0.31
Canada  523.79 0.15 -3.72 0.19 -9.11 0.18 4.05 0.19 41.76 0.15
Czech Republic ~ 511.60 0.24 -14.83 0.32 -2.00 0.36 -0.57 0.35 50.96 0.27
Denmark  515.31 0.40 -3.78 0.52 -6.42 0.56 -8.72 0.57 53.28 0.43
Finland  545.53 0.39 -2.90 0.44 -2.16 0.49 -2.99 0.55 44.19 0.38
France 510.29 0.10 -6.40 0.12 -12.62 0.11 3.23 0.12 46.30 0.11
Germany  501.39 0.11 -14.89 0.09 -8.09 0.09 0.22 0.10 47.27 0.09
Greece  465.65 0.32 -12.05 0.37 -2.34 0.37 2.89 0.37 41.90 0.34
Hungary  472.99 0.28 -6.34 0.35 -11.50 0.34 -5.08 0.37 50.03 0.27
Iceland  511.59 1.31 -4.39 1.66 -11.20 1.68 -2.70 1.77 42.23 1.25
Ireland  503.07 0.34 -2.65 0.45 -12.58 0.43 -3.36 0.46 47.31 0.37
Italy ~ 475.50 0.13 -11.59 0.17 -14.79 0.16 2.33 0.17 51.93 0.16
Japan  553.74 0.10 -2.74 0.10 -5.51 0.09 1.92 0.10 51.60 0.08
Korea 560.34 0.12 -1.11 0.15 -3.00 0.16 14.82 0.17 44.63 0.14
Luxembourg ~ 488.02 1.35 -3.47 1.45 -13.33 1.29 -3.75 1.49 41.58 1.27
Mexico  423.19 0.13 -2.25 0.12 -16.27 0.13 7.05 0.12 32.25 0.11
Netherlands  538.96 0.20 12.24 0.29 -18.82 0.27 -1.71 0.28 43.57 0.22
New Zealand ~ 526.38 0.39 -4.15 0.55 -25.87 0.53 6.79 0.54 52.03 0.42
Norway 497.53 0.37 9.15 0.49 -12.43 0.48 -3.02 0.52 42.94 0.38
Poland  492.28 0.12 -1.77 0.16 -5.44 0.17 -2.30 0.17 49.56 0.12
Portugal ~ 471.55 0.27 -11.78 0.33 -10.39 0.36 10.75 0.37 49.55 0.34
Slovak Republic ~ 483.53 0.33 -7.65 0.40 -7.09 0.43 -1.27 0.43 52.88 0.29
Spain  490.53 0.14 -3.15 0.20 -3.67 0.19 3.00 0.20 40.06 0.17
Sweden  501.07 0.29 2.38 0.34 -3.22 0.37 -16.39 0.38 50.86 0.27
Switzerland  507.04 0.31 -13.25 0.31 -10.55 0.32 0.21 0.33 50.35 0.29
Turkey 45173 0.15 -9.71 0.17 -12.96 0.17 8.43 0.17 47.06 0.14
United States  478.85 0.05 -4.16 0.07 -17.85 0.06 1.23 0.07 48.16 0.05
OECD average 501.80 0.31 -5.40 0.37 -10.50 0.37 0.26 0.39 46.55 0.31
Partners
Brazil 411.48 0.10 -18.84 0.09 -13.57 0.09 6.62 0.09 38.06 0.08
Hong Kong-China ~ 538.72 0.33 -12.83 0.43 -3.96 0.44 12.54 0.47 49.81 0.35
Indonesia  391.51 0.09 -24.45 0.08 5.02 0.1 9.01 0.09 18.51 0.11
Latvia 486.71 0.51 -4.74 0.73 -3.28 0.74 -12.25 0.72 51.02 0.58
Liechtenstein ~ 499.15 4.91 -23.04 4.37 -8.59 4.76 -3.63 4.49 46.62 4.39
Macao-China  520.95 1.07 -14.45 1.28 -0.29 143 5.00 1.49 34.94 1.35
Russian Fed.  476.41 0.06 -5.53 0.10 -7.69 0.10 -6.97 0.09 48.55 0.08
Serbia  451.32 0.39 -14.29 0.41 -3.41 0.41 -0.36 0.36 31.97 0.37
Thailand ~ 450.02 0.19 -16.02 0.20 0.76 0.22 6.22 0.20 32.16 0.14
Tunisia  385.99 0.33 -2.33 0.24 -0.32 0.29 1.33 0.26 25.90 0.25
Uruguay — 441.48 0.54 -6.00 0.60 -9.64 0.65 -3.97 0.67 41.73 0.58
United Kingdom' ~ 514.63 0.10 2.93 0.14 -23.29 0.14 -1.30 0.15 51.87 0.11

1. Response rate too low to ensure comparability.
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