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Foreword

In addressing the challenges associated with developing a nation’s
educational policies, countries need to consider not only the broader
societal demands for a system of education that meets the challenge
of producing an educated citizenry but also the need to provide
educational opportunities and experiences that adequately prepare
students pursuing their education to the most advanced levels.
Technologically advanced economies demand a workforce with
advanced skills and knowledge, which requires an education system
capable of preparing those students who will be the future technicians,
scientists, engineers and doctors.

TIMSS Advanced 2008, which is a project of the International
Association for the Evaluation of Educational Achievement (IEA),
is part of the TIMSS (Trends in International Mathematics and
Science Study) series of projects that examine student achievement in
mathematics and science together with curricular and instructional
practices in a number of countries. It represents the continued efforts
of the IEA to work with countries in assisting them to improve
educational policies and practices related to the teaching and learning
of mathematics and science in elementary and secondary schools.
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In 1995, the first cycle of TIMSS, which examined the teaching
and learning of mathematics and science at five grade levels in 45
countries, included an assessment of students in their final year of
schooling who were studying advanced mathematics and physics in
preparation, usually, for further study in tertiary institutions. The
advanced assessment in 1995 had 20 participating countries, 16 in
advanced mathematics and 16 in physics. TIMSS Advanced 2008, like
its predecessor in 1995, once again focuses on those students who were
enrolled in their final year of schooling and were studying advanced
mathematics or physics as part of their academic program. Conducted
thirteen years later, TIMSS Advanced 2008 provides an opportunity
for those countries that participated in 1995 to examine and reflect on
changes in performance that may have occurred in the intervening
period, and for countries that are participating for the first time to
consider the performance of their elite mathematics and physics
students in an international context.

Despite the fact that a relatively small and select group of countries
participated in this project, studies such as TIMSS Advanced 2008
require considerable support. Funding for this project was provided
through a generous grant from the Norwegian Ministry of Education,
fees from participating countries and through IEA’s own resources.
IEA remains particularly grateful for the support it received from the
Norwegian Ministry of Education

The work contained in this document represents the efforts of a
considerable number of people. I would like to express my thanks to
the Mathematics coordinator, Robert Garden, the Physics Coordinator,
Svein Lie, the subject matter specialists, the staff of the TIMSS & PIRLS
International Study Center at Boston College, especially Alka Arora,
the TIMSS Advanced Coordinator; and to the staff involved from the
IEA Data Processing Center and Secretariat, Statistics Canada, and
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Educational Testing Service. I appreciate, in particular, the contribution
of the National Research Coordinators, and of the TIMSS Advanced
Executive Directors, Ina V.S. Mullis and Michael O. Martin.

Hans Wagemaker
Executive Director, IEA
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Introduction

This report presents findings from the TIMSS Advanced 2008
assessments of advanced mathematics and physics at the senior
secondary school level in 10 countries, and includes a discussion of
changes in students’ achievement over time in the 5 countries whose
students participated in both cycles of the project in 1995 and 2008.
(For a list of countries, please see Exhibit 1 in the following section
headed, “Countries Participating in TIMSS Advanced 2008.”) The
report contains considerable information about the contexts for
teaching and learning advanced material in mathematics and physics
in the participating countries.

Two other volumes, the TIMSS Advanced 2008 Assessment
Frameworks and the TIMSS Advanced 2008 Technical Report, are
also available. The TIMSS Advanced 2008 Assessment Frameworks
describes the advanced mathematics and physics frameworks,
respectively, underlying the two assessments as well as the design of
the assessments. The TIMSS Advanced 2008 Technical Report provides
technical documentation about the development and implementation
of the assessments. The TIMSS Advanced 2008 International Database
and User Guide includes the entire international database for both
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assessments together with proprietary database management and
analysis software. The TIMSS Advanced 2008 publications and the
database can be found on the TIMSS website (timssandpirls.bc.edu).

Achievement results from a study such as this are influenced by
many factors, and the international report is typically complemented
by a national report prepared in each country. In their national reports,
countries can explore their data in more detail, or examine aspects of
particular policy relevant factors in more depth than is possible in the
international report.

Background for IEA’s TIMSS Advanced 2008 Assessment

TIMSS Advanced 2008 is one in a series of TIMSS assessments
designed to provide comparative information about educational
achievement across countries as part of a continuing effort to improve
the teaching and learning of mathematics and science in elementary
and secondary schools internationally. TIMSS (Trends in International
Mathematics and Science Study) is a global enterprise, with countries
working cooperatively together to examine students’ achievement in
mathematics and science as well as report on curricular innovations
and instructional practices in the participating countries.

TIMSS is a major project of the International Association for
the Evaluation of Educational Achievement (IEA), an independent
cooperative of national research institutions and government agencies
with the mission of providing high quality information on students’
achievement outcomes and on the educational contexts in which
students achieve. IEA has been conducting cross-national studies of
student achievement in a wide range of school subjects since 1959.

The first cycle of TIMSS was conducted in 1995 and examined
the teaching and learning of mathematics and science at several
grade levels, including a senior secondary school population of
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students in their last year of secondary school who were studying
advanced mathematics or physics to prepare them for further study
of mathematics and science at the tertiary level. Twenty countries
participated in that study altogether, with 16 countries participating
in the advanced mathematics study and a slightly different set of 16
countries participating in the physics study. There was considerable
interest in the 1995 TIMSS Advanced project, particularly among
educational policy makers, mathematics educators, and science
educators. Many viewed the study as an opportunity to “use the world
as an educational laboratory,” in Torsten Husén’s memorable phrase,
to learn more about what was educationally feasible with respect to
the teaching and learning of mathematics and science in preparing
students for their future careers.

In the almost 15 years that have elapsed since that first cycle of
TIMSS, there have been regular 4-year iterations of the study at the
fourth and eighth grades, but not at the senior secondary level. Over
that period, a number of countries and individuals have expressed
interest in replicating the 1995 TIMSS assessment of students having
taken advanced courses, and a decision was made to conduct
TIMSS Advanced 2008, focusing once again on students who were
enrolled in the last year of secondary school, and who were specializing
in advanced mathematics or physics as part of an academic program.

Taking part in an international study comparing and contrasting
the achievement of senior secondary students enrolled in the most
advanced programs in mathematics and science that their countries
have to offer is an attractive prospect for many educators, researchers,
and policy makers. Many believe that the future security and well-
being of their societies are strongly linked to the quality and quantity
of well educated citizens graduating from their secondary schools,

1 TIMSS 1995, TIMSS 1999, TIMSS 2003, and TIMSS 2007 have been completed, and TIMSS 2011 currently is underway.

T
EA

-

TIMSS & PIRLS

3, |nternational Study Center
Lynch School of Education, Boston College



INTRODUCTION

particularly those with strong backgrounds and career interests in
fields related to mathematics, science, engineering, and technology.

In shaping education policy, every country confronts the challenge
of providing a high level of education for all students. As part of this
challenge, countries need to consider the issue of at what level and how
many specialists they should be preparing in mathematics, science, and
engineering. It is important globally for countries to educate students
who can teach and pursue careers in a host of crucial medical, social,
and industrial fields requiring specialized mathematics or physics
knowledge and who are capable of making the kinds of technological
discoveries that will improve the quality of life worldwide. To address
this need, countries typically offer a variety of specialized programs
for their senior secondary students, including programs designed to
prepare students for admission to the study of mathematics, science,
and related areas at the university or other tertiary levels. Decisions
about what constitutes a high level of education or a specialized
program, however, differ considerably across countries as do ideas
about how many students should or can participate in advanced
courses or receive specialist or even “super” specialist training. Across
countries, programs in advanced mathematics and physics vary widely
in terms of the proportion of the age cohort of students enrolled in
them, in the depth and sophistication of the subject matter content
included, and in their pedagogical and administrative contexts.

As attractive as the prospect of participating in an international
comparative study at this level might be, there are significant obstacles
to be overcome. At the elementary or lower secondary school levels, it
is generally the case that virtually all of the children in the relevant age
cohort in a given country are enrolled in school and studying more or
less the same content. Also, at least as far as mathematics and science
are concerned, there is a great deal of curricular commonality across
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countries. So reaching agreement on the content to be assessed is quite
teasible, although still a challenging task.

The challenge is considerably more difficult at the senior secondary
level. By that time, a significant proportion of the age cohort may no
longer be in school, either because students who were registered in
certain programs have completed their program at an earlier exit point
in the system (e.g., after Grade 10 in some countries), or they have
dropped out of school. Also, the number of program and curricular
choices available to students varies significantly across countries at the
senior secondary level. This means that the percentage of students who
elect to specialize in advanced mathematics or physics varies greatly
across countries, as does the content of the curriculum they are taught.
In addition, there are complications inherent in the assessment of older
students. In many countries, students in their final year of secondary
school, and especially those in advanced programs, are facing the
pressure associated with high-stakes, national, end-of-school-year
examinations, particularly when the TIMSS Advanced 2008 data
collection was scheduled in the last quarter of the school year, at
about the same time as those examinations. Also, some countries
have difficulty meeting the high standards that TIMSS has in place
regarding student and school participation rates, and it is well known
that as students get older and more independent, it is more difficult to
get them to participate voluntarily in such a project.

In looking at the results for TIMSS Advanced 2008, the additional
sources of variation across countries complicate the interpretation
of the outcome data; however, considerable effort has been made to
provide detailed descriptions about the educational programs for
learning advanced mathematics and physics in each of the participating
countries and to fully document educational and demographic
information about the students assessed. Also, every effort was made to
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ensure that the assessments would provide fair comparisons of student
achievement in advanced mathematics and physics. The frameworks
for the content to be assessed and the assessment items were developed
through a collaborative process involving representatives from the
participating countries. The data provide a rich source of information
for those interested in examining what higher learning is possible. If,
for example, Country A offers a highly enriched program in advanced
mathematics to a significant percentage of its age cohort, and those
students achieve at comparatively high levels on an international
assessment, what implications do such results have for educators,
researchers, and policy makers in other countries?

The TIMSS Curriculum Model

The purpose of the TIMSS international endeavor as a whole is to
help improve teaching and learning in mathematics and science, and
to this end the project is designed specifically to provide important,
policy-relevant information that can be used to evaluate the success
of educational systems. In addition to providing information about
trends in academic achievement, TIMSS collects a rich array of
background information to provide comparative perspectives on the
achievement trends in the context of different educational systems,
school organizational approaches, and instructional practices.
Because every country has national or regional curriculum goals
and expends significant resources on developing and implementing
those goals, the information that TIMSS collects about the success of
curriculum implementation is extremely valuable for participating
countries. TIMSS uses the curriculum, broadly defined, as the major
organizing concept in considering how educational opportunities are
provided to students, and the factors that influence how students use
these opportunities. The TIMSS curriculum model has three aspects:
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the intended curriculum, the implemented curriculum, and the
achieved curriculum. These represent, respectively, the mathematics
and science curriculum that the country (or regional entity) intends
for students to learn and policies that have been developed to facilitate
this learning; what is actually taught in classrooms, who teaches it, and
how it is taught; and, finally, what it is that students have learned, and
what they think about these subjects.

While the results on the TIMSS Advanced 2008 achievement
tests in advanced mathematics and physics describe students’ learning
in the participating countries, responses to a series of background
questionnaires provide extensive information about the structure and
content of the intended curriculum, the preparations and experience of
teachers, the mathematics and physics actually taught, the instructional
approaches used, the organization and resources of schools and
classrooms, and the experiences and attitudes of students in the
schools. An important characteristic of IEA studies, notably including
TIMSS, is that they are designed on the basis of a representative sample
of intact classrooms within schools in the participating countries. As
a result, student outcomes can be examined in the light of curricular
and pedagogical variables in ways that would not be possible in the
case of studies based on random selections of students within schools.

Countries participating in TIMSS Advanced 2008 completed
questionnaires about their national education systems and situations,
providing descriptions of their official curricula and identifying
the TIMSS Advanced topics that were specified in the intended
curricula. Data about the instructional methods used to implement
the curriculum were provided by teachers and principals of the
assessed students and by the students themselves. Corresponding to
the information about the intended curriculum, teachers provided
information about each of the TIMSS topics taught to the students.
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The students provided information about their home and classroom
experiences, and their teachers and schools provided information
about instructional practices, school resources, and the school climate
for learning.

Conducting TIMSS Advanced 2008

IEA has delegated responsibility for the overall direction and
management of TIMSS Advanced to the TIMSS & PIRLS International
Study Center at Boston College, which also conducts IEA’s TIMSS
and PIRLS projects. Since first being conducted in 1995, TIMSS has
reported every four years on the achievement of fourth and eighth
grade students in countries all around the world. TIMSS 2011, the
fifth in the series of TIMSS assessments, is currently underway and
is expected to have more than 6o participating countries. TIMSS,
together with PIRLS, comprises the core of IEA’s regular cycle of
studies. PIRLS (Progress in International Reading Literacy Study) has
been assessing reading comprehension at the fourth grade since 2001
on a regular 5-year cycle. Forty countries participated in PIRLS 2006
and PIRLS 2011 is underway. In 2011, TIMSS and PIRLS are being
conducted together, providing an unprecedented opportunity to assess
mathematics, science, and reading at the fourth grade for the same
students in an international context.

Headed by Ina V.S. Mullis and Michael O. Martin, the
TIMSS & PIRLS International Study Center is located in the Lynch
School of Education. In carrying out the projects, the study center
works closely with the IEA Secretariat in Amsterdam, the IEA Data
Processing and Research Center in Hamburg, Statistics Canada in
Ottawa, and Educational Testing Service in Princeton, New Jersey. For
TIMSS Advanced 2008, as in 1995, Bob Garden from New Zealand is
the Advanced Mathematics Coordinator and Svein Lie from Norway
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is the Physics Coordinator. To work with the international team and
coordinate within-country activities, each participating country
designated one or two individuals to be the TIMSS National Research
Coordinator or Coordinators, known as NRCs. TIMSS expends
enormous energy to ensure the reliability, validity, and comparability
of the data through careful planning and documentation, cooperation
among participating countries, standardized procedures, and rigorous
attention to quality control throughout. The data are collected
according to rigorous scientific standards detailed in procedural
manuals and implemented through software applications where
appropriate, with countries receiving training every step of the way.

Countries Participating in TIMSS Advanced 2008

Ten countries, with widely divergent socioeconomic characteristics and
from different cultural and geographic parts of the world, took part
in TIMSS Advanced 2008. They were Armenia, the Islamic Republic
of Iran, Italy, Lebanon, the Netherlands, Norway, the Philippines, the
Russian Federation, Slovenia, and Sweden. All 10 countries participated
in the advanced mathematics assessment and all except the Philippines
participated in the physics assessment. In Exhibit 1 the participating
countries are shown in two columns, with the five countries that
participated in TIMSS Advanced in both 1995 and 2008 shown in
green. Four of the five countries have trend data for the advanced
mathematics assessment, including Italy, the Russian Federation,
Slovenia, and Sweden. A slightly different set of four countries have
trend data for the physics assessment, including Norway, the Russian
Federation, Slovenia, and Sweden. The decision to participate in any
IEA study is coordinated through the IEA Secretariat in Amsterdam
and made by each member country according to its own data needs
and resources.
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Countries Participating in TIMSS Advanced 1995 and 2008

Armenia

Islamic Rep. of Iran
Italy

Lebanon
Netherlands

[ Also participated in 1995

Norway
Philippines
Russian Federation
Slovenia

Sweden

EA

TIMSSAdvanced.

TIMSS & PIRLS

International Study Center

Lynch School of Education, Boston College

SOURCE: [EATIMSS Advanced 2008 ©
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Exhibit 2 presents selected information about the demographic
and economic characteristics of the TIMSS Advanced 2008 countries,
since such factors are known to influence education policies and
decision making. The TIMSS Advanced 2008 countries vary widely in
population size and geographic area, as well as in population density.
The Russian Federation is by far the largest country in population
size and geographic area (142 million people and over 16 million
square kilometers) with Armenia, Lebanon, and Slovenia being the
smallest (2—4 million people and 10-28 thousand square kilometers).
The Netherlands has the highest population density and the Russian
Federation the lowest (484 compared to 9 people per square kilometer).
The countries also vary widely on indicators of health, such as life
expectancy and infant mortality rate. Five countries (Italy, the
Netherlands, Norway, Slovenia, and Sweden) had relatively longer life
expectancies of 78 years or more and relatively low infant mortality
rates (3 or 4 per 1000 live births). The remaining countries reported
life expectancies of 68 to 72 years, and infant mortality rates between
13 and 29 out of every 1000 births.

The economic indicators in Exhibit 2, such as the data for gross
national income per capita, reveal great disparities in the economic
resources available, and also that different policies exist concerning
the percent of the gross domestic product (GDP) devoted to education.
Economically, the participants ranged from Italy, the Netherlands,
Norway, and Sweden (all members of the OECD), with relatively high
gross national incomes per capita (in US dollars adjusted for purchasing
power parity), to Armenia, Iran, Lebanon, the Philippines, and the
Russian Federation with relatively low gross national incomes per
capita. In seven of the participating countries, over 9o percent of the
relevant age cohort attended primary school. Armenia and Lebanon
had somewhat lower rates, and these data were not available for the
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Exhibit 2 Selected Characteristics of the TIMSS Advanced 2008 Countries

Area of Life Ll
Country Population Urban Mortality

(1000s Density | Population Ex:te;it;rr:cy Rate
of km?)? (People/km?)’ (%)* (Years)® (per 1,000
Live Births)®

Population

Country Size
(Millions)”

Armenia 3 28.2 107 64 72 22
Iran, Islamic Rep. of Al 1628.6 44 68 71 29
Italy 59 2941 202 68 81 3
Lebanon 4 10.2 400 87 72 26
Netherlands 16 339 484 81 80 4
Norway 5 3043 15 77 80 3
Philippines 88 298.2 295 64 72 23
Russian Federation 142 16381.4 9 73 68 13
Slovenia 2 20.1 100 49 78 3
Sweden 9 4103 22 84 81 3
Gross Public Net Enroliment Ratio
: GNI : : :
National : Expenditure in Education
per Capita 10
Country Income per . on (% of Relevant Group)
. (Purchasing :
Capita Power Parity)3 Education
(us )’ Y"1 (% of GDP)? Primary Secondary
Armenia 2630 5870 2.7 85 86
Iran, Islamic Rep. of 3540 10840 55 94 77
Italy 33490 30190 44 99 94
Lebanon 5800 10040 2.7 83 73
Netherlands 45650 39470 52 98 88
Norway 77370 53650 7.0 98 96
Philippines 1620 3710 25 91 60
Russian Federation 7530 14330 3.1 = =
Slovenia 21510 26230 5.8 95 90
Sweden 47870 37490 7.1 95 99
All data taken from the 2009 World Development Indicators (World Bank, 2009) . 6 Infant mortality rate is the number of deaths of infants under 1 year of age, per 1,000
T Includes all residents regardless of legal status or citizenship except refugees not live births in the same year (122-125).
permanently settled in the country of asylum as they are generally considered to be 7 GNI per capita in U.S. dollars is converted using the World Bank Atlas method (pp.
part of their country of origin (pp. 40-43). 14-17).
2 Areais the total surface area in square kilometers, excluding the area under inland 8 Aninternational dollar has the same purchasing power over GNI as a U.S. dollar in the
water bodies and national claims to the continental shelf and exclusive economic United States (pp. 14-17).
zones (pp. 134-137). 9 Current and capital public expenditure on primary, secondary, and tertiary education
3 Mid-year population is divided by land area in square kilometers (pp. 14-17). expressed as a percentage of GDP (pp. 80-83)
4 Urban population is the mid-year population of areas defined as urban in each 10 Ratio of the children of official school age who are enrolled in school to the
country and reported to the United Nations. It is measured here as the percentage of population of the corresponding official school age, based on the International
the total population (pp. 174-177). Standard Classification of Education 1997 (pp. 84-87).
5 Number of years a newborn infant would live if prevailing patterns of mortality at its A dash (-) indicates comparable data are not available.

birth were to stay the same throughout its life (pp. 122-125).

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: IEA TIMSS Advanced 2008 ©
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Russian Federation. School enrollment rates at the secondary school
level were similar to those in primary school in Armenia, Norway,
and Sweden. The levels of students enrolled in secondary school were
lower in the other countries, with the Philippines having the lowest
enrollment rate, 60 percent.

Description of the TIMSS Advanced 2008 Assessment

The publication entitled TIMSS Advanced 2008 Assessment
Frameworks® contains frameworks for the advanced mathematics
and physics assessments. Each assessment was organized around
two dimensions, a content dimension specifying the subject matter
domains to be assessed within advanced mathematics or physics,
respectively, and a cognitive dimension specifying the thinking
processes or domains to be assessed. The content domains for
advanced mathematics are algebra, calculus, and geometry; and for
physics they are mechanics, electricity and magnetism, heat and
temperature, and atomic and nuclear physics. The cognitive domains
are the same for both assessments: knowing, applying, and reasoning.
Each cognitive domain is described according to the sets of processing
behaviors expected of students as they engage with the mathematics
or physics content. The emphasis across the cognitive domains is
such that 65 to 70 percent of the assessments measure the applying or
reasoning domains.

Developing the tests was a cooperative undertaking involving
representatives from the participating countries throughout
the process. Participating countries field-tested the items with
representative samples of students. The Advanced Mathematics and
Physics Coordinators provided guidance throughout the development
process, and the National Research Coordinators had several
opportunities to review the items and scoring criteria to ensure

2 Garden, R.A, Lie, S., Robitaille, D.F., Angell, C., Martin, M.O., Mullis, LV.S., Foy, P., & Arora, A. (2006). TIMSS Advanced 2008 assessment
frameworks. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College.
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the items were measuring objectives in the frameworks, and were
appropriate for students in their countries. The advanced mathematics
test included 72 items and 82 score points and the physics test included
70 items and 82 score points.3 Each of the tests was comprised of
approximately one third multiple-choice items and two thirds
constructed-response items. Chapters 3 and 9, respectively, contain
more information about the advanced mathematics and physics tests,
including example items. Appendix A contains further information
about the numbers of items by type in each domain. Although the
assessments were developed collaboratively to represent agreed-upon
frameworks, Appendix B contains information about the degree to
which the TIMSS Advanced 2008 assessments matched the curricula
in the participating countries. In general, the assessment items covered
material included in the countries’ curricula, and any differences in
coverage had little effect on relative performance.

TIMSS Advanced 2008 was conducted in the language of
instruction in each country, involving a substantial effort by National
Research Coordinators in translating all of the assessment instruments.
The translations underwent a complex verification procedure
coordinated by the IEA Secretariat, while the test booklet layouts
were verified by the TIMSS & PIRLS International Study Center. All
student sampling activities for TIMSS Advanced 2008 were monitored
by Statistics Canada and conducted with careful attention to quality
and comparability. The sampling was designed to ensure that the data
provided accurate and economical estimates of the student populations.
For the sake of comparability across countries and across assessments,
testing for TIMSS Advanced 2008 was generally conducted at the
end of the school year (during February through May of 2008 with
most countries testing in April). Adherence to the test administration
procedures was monitored through the use of international quality

3 One mathematics item and two physics items were deleted due to the analysis results.
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control observers arranged by the IEA Secretariat, and also through
within-country quality control procedures. The TIMSS & PIRLS
International Study Center conducted several training sessions to
ensure that the constructed-response scoring was done correctly, and
scoring reliability data were collected from each country.

Subsequent to the data collection, the IEA Data Processing
and Research Center checked each country’s data files for internal
consistency and accuracy, and interacted with countries to resolve
data issues. The TIMSS & PIRLS International Study Center reviewed
achievement item statistics for every country and consulted with
Educational Testing Service on the methods and results of the scaling
process. The primary approach to reporting the TIMSS Advanced 2008
achievement data was based on item response theory (IRT) scaling
methods. More information about the TIMSS Advanced 2008
procedures for sampling, scaling, and data analysis can be found
in Appendix A. Details are provided in the TIMSS Advanced 2008
Technical Report*.

All of those involved in the complex task of implementing
TIMSS Advanced 2008 met their responsibilities with great
dedication, competence, and energy, and are to be commended for
their commitment to the project and the high quality of their work.
Appendix D lists the names of many of those responsible for the
management, coordination, and conduct of TIMSS 2008, including
the National Research Coordinators from each participating country.

4 Arora, A., Foy, P, Martin, M.O., & Mullis, I.V.S. (Eds.). (2009). TIMSS Advanced 2008 technical report. Chestnut Hill, MA: TIMSS & PIRLS
International Study Center, Boston College.
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Chapter 1

The Advanced
Mathematics Curriculum
in the Participating Countries

The mathematics assessment for TIMSS Advanced 2008 was developed
according to a framework designed to reflect the mathematics studied
around the world in advanced mathematics programs during the
final year of schooling. More specifically, the TIMSS Advanced 2008
mathematics framework® was organized around content domains
and cognitive domains. The content domains or subject matter to be
assessed included algebra, calculus, and geometry, while the cognitive
domains or thinking behaviors expected of students as they engaged
with the mathematics content included knowing, applying, and
reasoning. The TIMSS Advanced 2008 countries participated in the
iterative review process used to develop the framework and worked
collaboratively with the TIMSS & PIRLS International Study Center to
develop the test questions (items) covering the framework. Although
all countries agreed that the mathematics described in the framework
and addressed by the items in the assessment represented a reasonable
fit to their curricular goals, it must be emphasized that each of the 10
participating countries had its own approach to teaching and learning
advanced mathematics. To better understand the results, therefore, it is
important first to understand the differences in the education systems

1 Garden, R.A, Lie, S., Robitaille, D.F., Angell, C., Martin, M.O., Mullis, L.V.S., Foy, P, and Arora, A. (2006). TIMSS Advanced 2008
assessment frameworks. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College.
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in the participating countries and the characteristics of the students
assessed for TIMSS Advanced.

Because the participating countries had substantive differences
in their approaches to educating students in advanced mathematics,
the first section of Chapter 1 contains information about the structure
of the educational systems in the countries that participated in
TIMSS Advanced 2008, with a particular focus on the number of
years of schooling involved and the selectivity of the program or
track assessed by TIMSS Advanced. Data are presented about the
characteristics of the advanced mathematics curriculum in each
country, and about the students who participated. Later sections deal
with the amount of instructional time allocated to mathematics in
these advanced programs or tracks, the degree to which certain topics
from the TIMSS Advanced mathematics framework were taught, and
the extent to which teachers indicated that they felt well-qualified to
teach advanced mathematics.

In comparing achievement across countries, it is important
to consider differences in students’ curricular experiences, how
these differences may affect the mathematics they have studied, and
their subsequent achievement. Students” opportunities to learn the
mathematics covered by the TIMSS Advanced 2008 content and
cognitive domains depend initially to some degree on that mathematics
being part of each country’s guidelines and policies for mathematics
education. Thus, participants provided information about various
educational policies and the curriculum topics covered in their
respective curriculum guidelines (intended curriculum). Inclusion
in the country’s curriculum, however, does not guarantee students’
opportunity to learn. Just as important is what their teachers choose to
teach them. The lessons provided by the teachers ultimately determine
the mathematics students are taught (implemented curriculum).
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The goal of Chapter 1 is to provide information about the teaching
and learning of advanced mathematics in each of the 10 countries that
participated in the TIMSS Advanced assessment in 2008. It is hoped
that this information will enable readers to compare and contrast the
different approaches taken by different countries in this area, in order
to establish a basis for making cross-country comparisons of outcome
data in subsequent chapters.

Among the topics to be covered in Chapter 1 are an overview of
the educational systems in the participating countries, descriptions of
the populations of students tested, the characteristics of the advanced
mathematics curriculum, the amount of time devoted to mathematics
in the curriculum at this level, and students’ opportunity to learn
the advanced mathematics topics covered in the TIMSS Advanced
mathematics assessment, including teachers’ reports about whether
those topics were taught and their feelings about how well prepared
they were to teach mathematics at this level.

Overview of the Educational Systems

Mathematics curricula internationally tend to be similar in the early
years of schooling.> However, at the secondary school level, and
especially in the final year or two of secondary school, significant
differences can be found across countries in the topics that are included
in countries’ curricula, in the degree of mathematical rigor expected,
in the rates of participation of students in the mathematics courses
available at that level, and in the proportions of students still in school
and studying advanced mathematics.

Such considerations add to the complexity of making achievement
comparisons across countries at this level, but they also heighten
the degree of interest in those comparisons. When all children are
in school learning the basic concepts and skills of arithmetic, the

2 Mullis, LV.S., Martin, M.O., & Foy, P. (2008). TIMSS 2007 international mathematics report: Findings from IEA’s Trends in International
Mathematics and Science Study at the fourth and eighth grades. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston
College.
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basics of geometry, and elementary problem solving, cross-country
comparisons, while complicated by socioeconomic and cultural
factors among others, are somewhat less problematic. But when there
are substantial variations among countries with respect to these kinds
of factors, as there are at the senior secondary level, straightforward
comparisons are more difficult to draw. Thus, readers of this report
are cautioned to be judicious in drawing conclusions about the relative
strengths of national systems of education on the basis of the results
presented in this volume. The results can be used to examine the
range of educational outcomes produced in different countries, and
to illustrate the wide range of educational choices that are in effect in
those countries.

Exhibit 1.1 presents information about how the overall
curriculum for secondary school and the advanced mathematics
program are structured in each of the 10 countries that participated
in TIMSS Advanced 2008. In 8 of the 10 countries, the last year of
secondary school is either the 11th or the 12th year of schooling. The
exceptions are Italy where some programs include a 13th year, and the
Philippines where the last year of secondary school is the 10oth year
of schooling. Normally, students in the Russian Federation would
complete secondary school after 11 years of schooling; however,
about half of the students in their final year at the time of the
TIMSS Advanced data collection were in their 10th year, having skipped
Year 4 as part of the implementation process for the current program.

In 5 of these 10 countries—Armenia, Iran, Lebanon, the
Netherlands, and Sweden—upper secondary schooling consists of a
3-year program. However, in Norway and the Russian Federation it is
2 years, in the Philippines and Slovenia it is 4 years, and in Italy it can
be 5 years (the Netherlands may also be considered a 5-year program
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since it begins with 2 years of basic education where students follow
the same curriculum).

The number of hours of advanced mathematics studied was in the
range of 100 to 200 hours per year for most countries. It seems clear
that students who studied 200 hours or more of mathematics per year
(i.e., Iran, Lebanon, and the Russian Federation) would have studied
considerably more mathematics in their programs than students in
other countries.

In some of the countries, including Armenia, Iran, Italy, the
Philippines, and the Russian Federation, students had to meet special
entrance requirements (e.g., previous grades, exams, recommendations)
to be permitted to enroll in the advanced mathematics program. In
the rest of the countries, secondary school students appeared to have
considerable latitude in making decisions about which program to
follow after completing basic education or general courses required of
all students.

In several countries, the students who were identified for
participation in TIMSS Advanced 2008 were enrolled in rather highly
specialized programs, notably Armenia where the TIMSS advanced
mathematics students were enrolled in the “physmat” program
and, similarly in Iran, where the track assessed was specifically for
university-bound students studying both mathematics and physics. In
the Netherlands, most of the TIMSS advanced mathematics students
were taking a specialized mathematics program as part of the science
and technology program. Those in the Philippines were enrolled in
special science and technology schools, and in the Russian Federation
they were concentrating on mathematics for 6 hours or more per week
in several types of schools. In other countries, a broader cross-section
of the final year population was represented.
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TIMSSAdvancedp{['}:}
Advanced Mathematics

Criteria for Admission
to These Programs

Exhibit 1.1  Structural Characteristics of the Advanced Mathematics Programs (Tracks)

Assessed by TIMSS Advanced 2008

Number of Number of
Years Students Hours of
Spent in These | Mathematics

Description of How the Programs (Tracks)

Fit into Overall Curriculum

Data provided by National Research Coordinators.

*

Instructional time is not prescribed for advanced mathematics. According to the

curriculum, a total of 760 hours over three years should be spent by the students
on advanced mathematics (including homework and instruction). About 60% on
average should be spent as class time.

Programs
(Tracks)

Instruction
per Year

(Tracks)

Secondary schooling is a 3-year program up to the 11th grade. All
students follow the same curriculum through the 3-year program,
although students in a small number of special “physmat” schools
cover additional topics in mathematics and science. Students at Completion of elementary
. the 11th grade in these “physmat” schools constitute the target Three vears i~ school and success on the
Armenia population for TIMSS Advanced 2008. As a result of recent reforms y centralized state examination
to increase the number of years of school, Armenian students were after the 9th grade.
assessed in what is now called the 11th grade. However, since the
assessed students skipped a grade as part of implementing the
reform, they have had 10 years of formal schooling.
For enrollment in the
After lower secondary schooling (grade 9), students can choose the aﬂvap cetd ml? thter(rjlatltcs, &
track they wish to attend in upper secondary school. Students who P y5|c|st.rac g du e St
) complete the 11th grade in the mathematics track are allowed to cumulative grade poin
Iran, Islamic Rep. of participate in the advanced mathematics and physics track in the Three years 20 :;]I crage zt i 9thtgr;]rade,t.
pre-university stage. This advanced mathematics and physics track anfi"sgireancees ;nn?:heeor:?n;;:
is the target population assessed by TIMSS Advanced 2008. !
of the school counselor are
taken into consideration.
Secondary education can last 3, 4, or 5 years and is given in four types
of schools: lyceums, art schools, technical schools, and vocational Completion of lower
schools. The students assessed by TIMSS Advanced 2008 are in grade secondary education and
13 and have taken an advanced mathematics course or an advanced ) )
Italy mathematics and physics course. Most of these students are found Five years 100 successon the national
. ) L L ) examination after the 8th
in the Liceo Scientifico (general schools with scientific focus), Liceo d
Scientifico Tecnologico (general school with focus on technology), or grade.
Instituti Technici (vocational full time training).
Secondary schooling is a 3-year program up to the 12th grade.
All students follow the same curriculum in their first year (grade
10). In the second year (grade 11), students can choose between
humanities and sciences and in the third year (grade 12), students Three years 250 Diploma from basic education
Lebanon from the sciences can choose from one of three programs: sociology Y (brevet).
and economics, life science, or general science. Students from the
general science program at the 12th grade constitute the TIMSS
Advanced 2008 target population.
Secondary education begins with 2 years (grades 7 and 8) of basic
education where all students follow the same curriculum. Students
can then choose one of three tracks. In the pre-university track Students are free to enroll
(VWO) which is a 4-year program, in the first year (grade 9) all i the different tracks and
Netherlands students follow the same curriculum. The next year (grade 10) they Three years 152% : based on thei
can choose one of four programs. Students who select the advanced ptr)glgramsd based on thewr
mathematics course Math B2—maost of whom come from the ability and interest.
science and technology program—constitute the target population
for TIMSS Advanced 2008.
The Norwegian students assessed for TIMSS Advanced 2008 had
9 years of compulsory education followed by 3 years of secondary
education. The first year of secondary education consists of general
courses for all students in the academic track. In the last 2 years, Completion ofall general
students choose which subjects they want to take. Advanced Two vears 140 courses in the first year of
Norway mathematics courses in the last 2 years consists of 2MX and 3MX. Y year
The students assessed by TIMSS Advanced 2008 were in the final LR el
year of secondary education and had taken the 3MX mathematics
course. Afterimplementing a curriculum reform, the Norwegian
school system consists of 13 years of schooling.
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Exhibit 1.1  Structural Characteristics of the Advanced Mathematics Programs (Tracks)

TIMSSAd 2008
Assessed by TIMSS Advanced 2008 (Continued) Mathe

Advanced Mathematics

Number of Number of
Years Students Hours of
Spent in These | Mathematics

Criteria for Admission

Description of How the Programs (Tracks) to These Programs

Country

Fit into Overall Curriculum

Data provided by National Research Coordinators.

Programs
(Tracks)

Instruction
per Year

(Tracks)

Secondary education is a 4-year program (grades 7-10). Graduates
from elementary education may choose to enroll in a general high
school or in special schools such as science and technology oriented
high schools or in regional science high schools, which prepare Admission to these science
students for science-oriented courses in the university. These high schools may involve a
Philippines special schools offer advanced mathematics subjects. Students Four years 100-200 written test, an oral test, and
can also enroll in private and university laboratory high schools, also the grades obtained in
which offer advanced mathematics subjects. Students from these elementary school.
science-oriented schools as well as private and university laboratory
high schools offering advanced mathematics subjects are the target
population assessed by TIMSS Advanced 2008.
All students study mathematics and physics every year in basic and
upper secondary education. In basic education, all students follow
the same curriculum, but in upper secondary (grades 10 and 11),
the programs differ. The students assessed by TIMSS Advanced L
2008 are the 11th grade students who had 6 hours or more per Wl t Gl advg I
week of instruction in mathematics. These students can be found in ma.t hema'tlcs course |n’v olves
. . lyceums, gymnasiums, special schools for mathematics and physics, an Interview, g SIS .
Russian Federation and general secondary schools with different profiles in the upper Twoyears 204-306 ?erformancg n mathen;atlcs
secondary level. As the result of an ongoing reform to increase the orthe.prewous yearso
. . schooling, and a written test
number of years of school, Russian students were assessed in what if
is now called the 11th grade and about half the students have had I hecessary.
11 years of formal schooling. However, the other half skipped grade
4 as part of implementing the reform and only have had 10 years of
formal schooling.
The Slovenian students assessed for TIMSS Advanced 2008 had 8
years of elementary education and 4 years of secondary education.
Secondary education in Slovenia consists of two types of programs:
general gymnasia and vocational or technically oriented programs. Completion of elementary
Only the general gymnasia program offers students the possibility schooling. There are no other
Slovenia of admission to university studies. All general gymnasia students Four years 105 special admission criteria
study the same mathematics courses during their 4-year program. for the general gymnasia
Students in the fourth year of general gymnasia programs were program.
the target population assessed in mathematics by TIMSS Advanced
2008. Currently, Slovenia is in the process of increasing elementary
school to 9 years, so that students will have 13 years of schooling.
Upper secondary education starts from grade 10 and is divided into
17 national 3-year programs. Of these programs, the natural science
program has four mandatory mathematics courses (Mathematics
A, B, C, and D) and an optional fifth course called Mathematics E. Completion of compulsory
The technology program has three mandatory mathematics courses Three vears 100-150 education. Students are then
Sweden (Mathematics A, B, and C) and two optional courses (Mathematics Y free to choose any upper
D and E). The students assessed by TIMSS Advanced 2008 were the secondary program.
12th grade students who had taken the Mathematics D course and
may have taken the Mathematics E course (58% of students in the
sample have taken the Mathematics E course).
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Description of the Students Assessed for TIMSS Advanced 2008

More information about the makeup of the TIMSS Advanced 2008
target populations in the participating countries can be found in
Exhibit 1.2. As noted in the first data column, the number of students
in the program or track assessed for TIMSS Advanced 2008 varied
from fewer than 3,000 students in Armenia to nearly 120,000 in Italy,
primarily because (as described in the introduction) some countries
had much larger populations than others. Also, as would be expected
based on the variation in the number of years of schooling (shown in
the fifth data column), students in their final year of schooling were
older in some countries than they were in others, ranging from the
relatively young 16-year-old students in the Philippines (with only 10
years of schooling) to those approximately 19 years old in Italy, Norway,
Slovenia, and Sweden (with 12 or 13 years of schooling).

Because the number of students taking advanced mathematics in
a country is affected not only by the size of the country, but also by the
selectivity of the program or track, Exhibit 1.2 provides information
about the relative situation in each of the 10 countries. In particular, the
TIMSS Advanced Mathematics Coverage Index shown in the fourth
data column of Exhibit 1.2 provides a means of comparing the relative
sizes of the populations included in the study in these countries. The
coverage index for a given country is an estimate of the percentage
of the entire national age cohort covered by the TIMSS Advanced
target population. It may be helpful to consider the TIMSS Advanced
coverage index as a fraction, expressed as a percentage. For most
countries, the denominator of the fraction (found in the third data
column) is the estimate of the size of the entire national population
for the same age cohort as the students tested for TIMSS Advanced.
For example, the students assessed in Iran for TIMSS Advanced were,
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Exhibit 1.2

Estimated Size of the
Population of Students

in the Final Year of Age Cohort
Secondary School Taking | Corresponding
Country the Advanced Mathematics| to the Final Year
Track or Program Targeted of Secondary
by TIMSS Advanced School
(Derived from TIMSS
Advanced Student Sample)
Armenia 2,684 18
Iran, Islamic Rep. of 111,298 18
Italy 119,162 19
Lebanon 4,702 18
Netherlands 7,001 18
Norway 6,668 19
Philippines 14,007 16
Russian Federation 29,672 17
Slovenia 8,836 19
Sweden 16,116 19

Armenia: Estimate derived by dividing the population of 15-19-year olds by 5 for
the single year estimate for the year 2008. Data taken from the U.S. Census Bureau’s
International Database (www.census.gov/). Islamic Rep. of Iran: Total population

of 18-year olds in Iran in 2008. Data taken from the Statistical Center of Iran (SCl)
(http://www.sci.org.ir/portal/faces/public/sci_en). Italy: Total population of 19-year
olds in Italy for the year 2008. Data taken from the Italian Bureau of Statistics (ISTAT)
(http://demo.istat.it/pop2008/index.html). Lebanon: Estimate derived by dividing
the population of 18-20-year olds by 3 for the single year estimate. Data taken from
the Central Bureau for Statistics in the Ministry of Interior. Netherlands: Estimate
based on data taken from the Central Bureau of Statistics in the Netherlands (www.
cbs.nl). Norway: Total population of 19-year olds in Norway on 1 January 2008. Data
taken from the Norwegian National Bureau of Statistics (SSB) (http://www.ssb.no/
english/). Philippines: Population of 16-year olds for 2008 projected from the 2000

Size of the TIMSS Advanced 2008 Target Population for Advanced Mathematics,
the Age Cohort, and the TIMSS Advanced Mathematics Coverage Index

TIMSSAdvancedp{ili}]

Advanced Mathematics

TIMSS Advanced
Size of the Age Cohort | Mathematics Coverage
Corresponding to the |Index - the Percentage
TIMSS Advanced of the Entire
Population Based on Corresponding Age
National Census Cohort Covered by
Figures? the TIMSS Advanced
Target Population

Years of
Formal
Schooling*

62,758 4.3% 10
1,705,000 6.5% 12
605,507 19.7% 13
79,784 5.9% 12
205,200 3.5% 12
61,093 10.9% 12
1,900,656 0.7% 10
2,073,041 1.4% 10/11
21,815 40.5% 12
125,923 12.8% 12

census. Data taken from the National Statistics Office, Philippines (NSO) (http://www.
census.gov.ph/). Russian Federation: Total population of 17-year olds in 2008. Data

taken from the Federal State Statistics Service (http://www.gks.ru/wps/portal/english).

Slovenia: Estimate was derived by dividing the population of 15-19-year olds by 5

for the single year estimate for the year 2008. Data taken from the Statistical Office

of the Republic of Slovenia (www.stat.si). Sweden: Total population of 19-year olds in
Sweden for the year 2008. Data taken from Statistics Sweden (SCB) (http://www.scb.
se/default____2154.aspx). Data provided by National Research Coordinators.
Represents years of formal schooling counting from the first year of primary or basic
education (first year of ISCED Level1). Because of ongoing reforms in some countries
to increase the number of years of schooling, the number of years of formal schooling
is not always the same as the grade assessed (see Exhibit 1.1).

TIMSS & PIRLS

International Study Center
Lynch School of Education, Boston College

SOURCE: IEATIMSS Advanced 2008 ©



30

CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES

on average, 18 years of age (the second data column), so the population
estimate for Iran in the third data column is for all 18-year olds in Iran.
For Armenia, Lebanon, and Slovenia, data for the age cohorts were not
available year-by-year but only for the group of students aged 15 to 19
(18 to 20 for Lebanon), so the population estimates for those countries
are averages. The numerator of the fraction is the estimated size of
the target population assessed by TIMSS Advanced derived from the
TIMSS Advanced student sample (first data column).

The TIMSS Advanced Mathematics Coverage Index expresses the
number of students enrolled in the advanced mathematics program or
track assessed by TIMSS Advanced as a percentage of all of the students
of the same age that could potentially have been in the advanced
program or track (if they had all continued their schooling to the final
year, wanted to be in the program, and had been accepted). That is,
this is the percentage of students in the age cohort in each country
receiving the most elite mathematics education. The exhibit shows that
the coverage extends from lows of 0.7 and 1.4 percent in the Philippines
and the Russian Federation, respectively, to 3.5 and 4.3 percent in the
Netherlands and Armenia, to 5.9 and 6.5 percent in Lebanon and Iran,
to 10.9 and 12.8 percent in Norway and Sweden, to highs of nearly 20
percent in Italy and 40.5 percent in Slovenia.

The 10 countries that participated in TIMSS Advanced 2008 were
very different both in terms of the overall size of their age cohorts
(which depend on the size of their national populations), and the
numbers of students enrolled in their advanced mathematics programs
(which depend both on the size of the population and the degree of
selectivity and availability of the program or track assessed). In Iran,
the Philippines, and the Russian Federation, the estimated size of the
age group from which the TIMSS Advanced 2008 population was
selected was greater than 1.5 million. At the opposite extreme, the
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size of the comparable age cohort in Slovenia was less than 25,000.
Armenia, Lebanon, and Norway also had rather small age cohorts,
ranging from 60 to 8o thousand.

As has already been indicated, there were large differences across
countries in the situations and proportions of the students that were
included in the TIMSS Advanced 2008 mathematics study. At one
extreme, the three most populous countries—Iran, the Philippines, and
the Russian Federation—assessed elite populations of students, as did
several countries with much smaller populations, including Armenia,
Lebanon, and the Netherlands. In the Philippines, students had fewer
years of schooling and were younger than those in the other countries.
However, the population assessed for TIMSS Advanced was an elite one
for that country, because only a small percentage of students complete
secondary schools and those assessed for TIMSS Advanced 2008
were attending the small set of special secondary schools that prepare
students for science programs in university, giving them a coverage
index of 0.7 percent.

The Russian Federation also assessed an elite population of
students. All students in Russia study mathematics and physics every
year in lower and upper secondary school. The Russian students
assessed for TIMSS Advanced 2008 were from the relatively small
percentage who were taking a mathematics course for at least 6 hours
a week during the final year of secondary school. This resulted in a
coverage index of 1.4 percent. In cases such as these, the rather narrow
definition used to define the sample resulted in the selection of a
highly specialized group of students compared to other students in
the country. And, of course, this fact needs to be borne in mind when
making cross-national comparisons.

Some countries elected to assess a much broader cross-section of
their students in mathematics. In Slovenia, the smallest participating
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country in terms of population, there are two types of programs,
vocational and general gymnasia, with only the latter offering the
possibility of university admission. All students following the general
gymnasia program study advanced mathematics and comprised the
target population for TIMSS Advanced. This gave Slovenia a coverage
index of 41 percent. Italy, with a coverage index of 20 percent, also
included a sizeable proportion of their students in their population
definition. In Italy, all students who were in Grade 13 and who had
taken an advanced mathematics or an advanced mathematics and
physics course were included.

Characteristics of the Advanced Mathematics Curriculum

Exhibit 1.3 summarizes how recently the advanced mathematics
curriculum has been updated in each of the participating countries. It
shows that, in almost all cases, the advanced mathematics curriculum
had been revised within the 10 years preceding the TIMSS Advanced
2008 assessment. Several of the participating countries indicated that
their advanced mathematics curriculum was in the process of being
revised while the data for this study were being collected.

Exhibit 1.4 contains summary information for each country
about whether the TIMSS Advanced 2008 mathematics topics were
covered in their national curriculum guidelines. The information about
topics included in the participants’ curricula is discussed in greater
depth in Exhibits 1.12 through 1.15, which also include information
about the implemented curriculum and provide the results topic-by-
topic within each content domain. In general, the countries reported
a high degree of correspondence between the topics covered by the
TIMSS Advanced 2008 assessment and the topics included in their
national curricula for the programs, tracks, or courses identified to be
assessed in TIMSS Advanced. As previously described, the framework
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Exhibit 1.3  Structural Characteristics of the Advanced Mathematics Curriculum

R . . . o TIMSSAdvancedp{]i:]
in Participating Countries

Advanced Mathematics

Year Curriculum
Taken by Students

[©]
8
Country Assessed in TIMSS Curriculum Changes ?
Advanced Was £
Introduced =
2
Armenia 2001 E
At present there is no national curriculum, instead there are syllabus guides provided g
by the Mathematics Council of the Organization for Educational Research and Planning, 2
Iran, Islamic Rep. of 1998 Ministry of Education. Currently, the council is developing the mathematics national
curriculum for K-12. In this process the aims, content, teaching, and assessment methods
are being revised.
192.3; last evised: The curriculum is being revised to increase the number of hours of teaching the English
Italy Technical Schools 1994, ) . . P .
language, mathematics and science. The new curriculum will be introduced in 2010.
Lyceum 2000
Lebanon 2001
The various mathematics subjects have been reorganized and the number of instructional
hours reduced from 760 to 600. One new mathematics subject has been added that
Netherlands 1998 students can choose; however it is not compulsory. The new curriculum started in August
2007 in grade 10 and therefore has not affected the students participating in TIMSS
Advanced 2008.
A new curriculum was implemented in 2006 with more emphasis on competencies and
Norway 2000 basic skills and less on instructional methods. The TIMSS Advanced population belonged to
the last cohort not affected by this curriculum reform.
Philippines 2004
Russian Federation 1994 &2004*
In 1998, the curriculum for the general gymnasia program was changed to align with
the compulsory Matura examination in terms of content, standards, number of hours per
| . 1998 subject, and content of compulsory parts of optional courses. The previous curriculum for
Slovenia all 4 years of secondary schools was divided into one curriculum for the general gymnasia
program and another curriculum for vocational or technically oriented programs, with the
former being more advanced in all subjects.
Sweden 2000 The curriculum is under revision and is intended to be implemented in 2011.

Data provided by National Research Coordinators.

*  The Advanced Mathematics classes use as a rule two documents: 1) the syllabus

for Advanced Mathematics, introduced in 1994 (not revised since that time); 2) the
Educational Standards in Mathematics, introduced in 2004.
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Exhibit 1.4 Number of TIMSS Advanced Mathematics Topics in the Intended Curriculum

Armenia

Iran, Islamic Rep. of

Italy

Lebanon

Netherlands

Norway

Philippines

Russian Federation

Slovenia

Sweden

Data provided by National Research Coordinators.

Overall
(27 topics)

26
26
27
20
25
25
25
25

Algebra
(10 Topics)

~N ©© W YW YW ~N VW VW v uv

EA

TIMSSAdvanced 2008

Advanced Mathematics

Calculus Geometry
(9 topics) (8 Topics)
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and the test items for the TIMSS Advanced 2008 mathematics
assessment covered three mathematics content domains: algebra,
calculus, and geometry. As is shown in Exhibit 1.4, the test items dealt
with 27 mathematical topics chosen from the three content domains:
10 in algebra, 9 in calculus, and 8 in geometry.

The vast majority of topics included in the TIMSS Advanced 2008
mathematics framework were included in the advanced
mathematics curricula of all the participating countries. In 7 of the
10 countries, almost all (25 or more out of 27) of the topics from the
TIMSS Advanced 2008 mathematics framework were included in their
intended curriculum. Sweden, the Netherlands, and Armenia had the
lowest inclusion rates, the lowest of which was 19 out of 27 in Sweden;
that is, an inclusion rate of 70 percent or more across the board. All
three content domains had very high inclusion rates, with the rate for
geometry being slightly lower than the rate for algebra or calculus.
All countries included 8 or more of the 10 algebra topics, and most
covered 7 or more of the 9 calculus topics except Armenia (only 5).
Most countries also covered either 7 or all 8 of the geometry topics, but
the lower rate in this area resulted from the fact that the Netherlands
and Sweden had relatively low coverage (half the topics).

Because the TIMSS Advanced assessment attempted to align with
instructional practices as much as possible, the assessment was designed
so that students could use calculators in ways that mirrored their
classroom experiences without unduly advantaging or disadvantaging
students either way. Exhibit 1.5 summarizes information concerning the
policies in effect in the countries with respect to the use of calculators
and computers in mathematics classrooms and during examinations.
A majority of participating countries, 8 out of 10, reported permitting
students to use calculators of various kinds on national examinations.
Two countries, Iran and the Russian Federation, indicated that there
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Exhibit 1.5  Curriculum Studied by TIMSS Advanced Students Includes Policies TIMSSAdvance 2oos
Regarding Use of Computers and Calculators Advanced Mathematics

Types of Calculators in
Country Computers Calculators National Description of Policies
Salailator: Examinations

. Simple calculators with arithmetic operations are allowed in
Armenia o o o L national examinations.

Since calculators and computers are not accessible for
all students, use of them is not discussed in the national
curriculum. Simple calculators only for calculation are
permitted in national examination.

Iran, Islamic Rep. of O O O o

There are no policies about the use of calculators, but they
are not provided. Students use their own calculator during
Italy (] O O [ ] the examinations. Students use computers while studying
some subjects in the lyceum or in specific subjects of technical
schools.

Non-programmable calculators are permitted. There are no
Lebanon O o o o curricular policies about the use of computers. Computer use
is optional.

Only graphing calculators are allowed in national examinations.
Netherlands @ [ ) O [ ) The examination hoard yearly prescribes which brands are
allowed.

Graphing calculators are allowed during examinations and
frequently used in class. The curriculum, however, only has a
vague and general statement about using technological tools
in investigations, modeling, and problem solving.

Norway ([ J ([ J ([ o

Information Technology materials/equipment may be used in
Philippines o [ ) O O the teaching/learning process and calculators and computers
are considered as IT material/equipment.

There is a general recommendation for middle school that

Russian Federation o o o o calculators and computers may be used for routine calculations.

The national curriculum requires that calculators used in the
national examination should be scientific calculators without
Slovenia (] (] [ ] [ ] the capability of symbolic or graphic calculations. During
lessons students are allowed to use their own calculators. The
use of computers is recommended.

The students are expected to learn to use graphical, numerical,
and symbolic software to find integrals and solve equations;
but for the advanced courses it is not stated that this means
calculators. National tests in Sweden (which are not formal
examinations, but rather tests that are intended to support
teachers in their grading of students) are divided into two
Sweden O O O (] parts, one where calculators are not allowed, and one where
students are expected to have a calculator at hand. The
calculators allowed for advanced mathematics students are
expected to have a graphing or symbolic capability. There are
statements in the curriculum about the use of “Information
and Communication Technology”, but there are no specific
references to computers.

@ Yes
O No

Data provided by National Research Coordinators.
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was little, if any, mention of calculator and computer use by students
in official documents related to the curriculum. In some countries,
curriculum documents encourage teachers to explore applications of
technology with their students, but do not provide a lot of specific
suggestions or recommendations. Some countries allow students to
use graphing calculators during examinations; others forbid their
use. In the Netherlands, the examination board each year produces a
list of the specific brands of calculators that may be used by students
during examinations. On the whole, it seems that mathematics and
science educators in many countries are still unsure about how best to
incorporate technology into mathematics and science teaching, given
the constraints they face in terms of the content of the curriculum and
the availability of software of sufficiently high quality and low enough
cost to make its adoption possible.

Because public examinations are used in some countries to
make decisions about the students enrolled in advanced mathematics
programs, tracks, or courses, participating countries were asked to
provide information about their examination systems. Exhibit 1.6
indicates that some type of “high-stakes” examinations (i.e., an
examination or system of examinations with academic consequences)
were a feature of all 10 educational systems except Sweden. In the
other participating countries, students write national examinations in
mathematics and other subjects during their final year of secondary
school and, in some cases, at other grade levels as well. In most
cases the important examinations at the end of secondary school are
administered by the Ministry of Education or a national examination
board. In Sweden, on the other hand, evaluation is the responsibility
of the teacher. There are national examinations, but they are intended
to supplement the evaluation information that teachers develop on
their own.

T
EA
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Exhibit 1.6  Examination System in Participating Countries TAIIVISSA“'W\nced 2008
Advanced Mathematics
Examlpatlons Grades at Which Purpose of
with S Nature and Format SR
Country Examinations - Examination and Comments
Consequences : of Examination
e Are Given Consequences
for Individuals
The 9th grade examination
is used to determine which
A . ° Compulsory examinations :Eigﬁz?rci:hcg:ﬁ:]ueTtr.T" Both of these are centralized
rmenia atgrades 9and 11. y5CN00'ING. ThE 1 ¢4 e examinations.
11th grade examination is
necessary for graduation
and entry to university.
National examinations for
grade promotion are given
each semester, in two
o As§essrpeqt atpre- Passing all subjects in both SUbJeFtS c.hosgn il
lami ¢ ° Examination given atthe | university includes semesters is a requirement Examinations in the rest
Iran, Islamic Rep. o pre-university year. mid-semester and final 5 15 arequir of the subjects are given
A for entering university.
examinations. by the schools. Another
national examination
is given for entry to the
university.
The national examination
_— The assessmentincludes | at grade 8 determines entry | Final examinations for
Compulsory examinations ) . ;
written tests developed by | to secondary school. The technical and professional
Italy [ ] atthe end of grade 8 and at h her and Mini f ional - hools also i d
the end of grade 13 the teacher and Ministry of | national examination at schools also give students
' Education. grade 13 determines entry | an opportunity to find a job.
to university.
Some university faculties,
The examination is used to | especially science,
A determine which students | engineering and medicine,
Examination at the end of . L .
Lebanon (] Written examination. have completed secondary ' administer entrance
the 12th grade. . . PR
schooling and is also used | examinations in subjects
for university admission. | such as mathematics and
physics.
There is a national
examination at the end of )
Diploma for the upper
lower-secondary (grade 8) S
secondary level is given
and at the end of upper- ) I
. based on three school- L The national examinations
secondary education. L The pre-university diploma
herland [ ] Depending on the track based examinations, is needed in order to enter are conducted by the
Netherlands ) number of practical . - National Examination
in upper-secondary the ) into university.
. . assignments, and final Board.
examinations are in grade : T
; national examinations in
10 (pre-vocational), grade ) )
) different subjects.
11 (senior general), and
grade 12 (pre-university).
Students'ma)! be.seleaed Written national The examination results National examinations
for examination in the last S ) L
Norway [ ) examination or oral local influence entrance to are administered by the
2 years of upper secondary o . ) L .
school. examination. tertiary education. Ministry of Education.
. . Th fth
Schools give achievement _— € purpose o the )
The examinations can be examination is formative.
hilippi [ ) testsat the end of every in oral or paper-and-pencil | Itis used to measure how
Philippines school year for each grade
level format. mucha student has learned
’ over a given period of time.
@ Yes
O No

Data provided by National Research Coordinators.
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Exhibit 1.6 Examination System in Participating Countries (Continued) TIMSSAdvancedp{[i1:)
Advanced Mathematics
Examu)aﬂons Grades at Which Purpose of
with S Nature and Format SR
Country Examinations - Examination and Comments
Consequences : of Examination
o Are Given Consequences
for Individuals
The purpose of the
There is an examination T . examination s to certfy The Federal Service of
) Examinations in Russian that students have T )
at the end of basic school . . . Supervision in Education
Russian Federation ° (grade 9) and at the end and mathematics are completed basic education and Science administers
usslan redera compulsory and conducted | and can enter the next level. A
of upper secondary school | .~ " o the examination in
in written form. The grade 11 examination )
(grade 11). ) L mathematics.
is necessary for university
entrance.
A pass in the Matura
is a general admission
requirement for any
academic university study
There is a national program and a minimal
examination at the end of . admission requirement for
The Matura consists )
elementary school (grade 8) . those academic courses
of written and oral . -
and at the end of secondary L . having no limit on the
examinations from the The Matura is a school-
school (grade 12). The ) ) B number of students.
. S compulsory subjects of leaving examination )
. national examination at the : . .| Achievement on the Matura
Slovenia (] . | mathematics, mother required for the completion . .
end of secondary school is ) B and achievement in the
tongue, and foreign of secondary education and .
called the Matura (General L last 2 years of schooling
) language as well as two for university entrance.
Matura for gymnasia : . are used to select students
: subjects of the student’s A
program and Vocational choice where there is a limit to
Matura for vocational/ ' the number of candidates
technical programs). for a university program.
The Matura is prepared
and administered by the
National Examination
Center.
Sweden does not have
an examination system
with direct consequences
swed o for individual students.
weden However, national tests are
used as an important tool to
support teachers in grading
their students.
@ Yes
O No

Data provided by National Research Coordinators.
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The National Research Coordinators responsible for implementing
TIMSS Advanced in each of the participating countries were asked
to indicate which of six possible methods for evaluating the degree of
implementation of the advanced mathematics curriculum were used
in their countries, and their responses are summarized in Exhibit 1.7.
The results show that countries tend to use several sources to collect
data about curriculum implementation, including results from
international comparative studies such as TIMSS Advanced 2008. The
most commonly used sources were national examinations, assessments,
or tests while the category used least frequently was research and
evaluation programs.

All of the participating countries publish either an official
curriculum document or a set of notes and directives detailing
the advanced mathematics curriculum for teachers, as shown in
Exhibit 1.8. Most of them also reported either recommending or
mandating particular textbooks to be used by teachers and students
for the advanced course. Other kinds of support materials were
made available for teachers in some, but not all, countries. These
materials included some form of a teacher’s guide with suggestions
for teaching various topics, suggested instructional activities, and a
description of the structure and content of the formal examination
to be administered at the end of the year. In some countries, copies of
examinations from previous years are made available to teachers and
students to familiarize them with the kind of examination they should
expect. Armenia, Lebanon, and the Russian Federation indicated that
they provide all of these kinds of curriculum support, while Sweden
provides only an official curriculum guide for its teachers.

Exhibit 1.9 describes how teachers are kept abreast of changes to
the official curriculum in advanced mathematics in their school system.
All of the TIMSS Advanced 2008 countries reported documenting such

. TIMSS & PIRLS

B, International Study Center

Lynch School of Education, Boston College




CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES 41

Exhibit 1.7 Methods Used to Evaluate the Implementation of the Curriculum

. TIMSSAdvancedp{i]i}:)
for Advanced Mathematics Advanced Mathematics
Evaluation or ALeEl
AT Visits by Research School Examinations, TIMSS Others
y Inspectors Self-Evaluation | Assessments, Advanced
Programs
or Tests

Subject monitored by

Armenia o o o [ ] [ ] @ National Institute of
Education

Iran, Islamic Rep. of ([ J O O ([ J o O

Italy ( J O ( J ( J o O

Lebanon ([ J ([ O ([} o O
Subject monitored and
texthooks reviewed by the

Netherlands ([ J O O o O @ Netherlands Institute for
Curriculum Development
(SLO)

Norway O o O ] () O

Philippines ( J O ( J ( J O O

. . Regional monitoring of

Russian Federation ([} ([ J ([} ([ J ([} [ J students’ achievement

Slovenia O O o o (] @)

Sweden ([} O o ([} o O

@ Yes
O No

Data provided by National Research Coordinators.
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Exhibit 1.8 Formats in Which the Curriculum for Advanced Mathematics Is Made Available TIMSSAdvancedfplli};]

Advanced Mathematics

Official Ministr Specifically Description
Publication y Mandated or | Instructional | Developed or P
S Notes : of Content
Country Containing Recommended | or Pedagogical | Recommended .
and : : of Public
the o Textbooks Guide Instructional S
: Directives o Examination
Curriculum Activities
Armenia ([ J ([ J ( [ [ ] ([ J O
Iran, Islamic Rep. of O ([ J ([ J o O o O
Professional
Italy ([ J (] O O (] O @ development for
teachers
Lebanon ( J ([ J ([ J [ J ([ J ([ J O
Netherlands ([ J ([ J O o [ J ([ J O
Norway ( o O O O ([ J O
Philippines [ J ([ J O o [ J O O
Professional
Russian Federation ( J ([ J ([ J o ([ J o @ development for
teachers
Regular workshops
for teachers organized
. by mathematics
Slovenia L ® ® O O L L department of the
National Board for
Education
Sweden ([ J O O O O O O
@ Yes
O No

Data provided by National Research Coordinators.
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Exhibit 1.9  Ways in Which Changes in the Curriculum Are Communicated to Teachers

TIMSSAdvancedplili}]

Advanced Mathematics

Printed
: Teachers fessi
Special SR Receive U] Professional
Ministry of the Development/| Ministry S Education
Country Conferences/ : : Own : Association
> Website | Curriculum > Inservice Notes Journals
Seminars S Printed : Newsletter
Distributed Co Education
to Schools Py
Armenia ([} o ( O (] o O o O
Iran, Islamic Rep. of o o O O o [ ] (] @) @)
Italy (] o o O o o o @ O
Lebanon o o o O o [ ] O O @)
Netherlands O o o O o o { ] o O
Norway o o o o o [ ] (] O @)
Philippines ( J (] ( J O ( J O O O o
Russian Federation ([} ([} O O o o O o O
Slovenia ( J ([ O O (] O O O o
Sweden ([} ([} ([} O (] O o o O
@ Yes
O No
Data provided by National Research Coordinators. * Phillipines: Information is disseminated through a Department of Education order.

Slovenia: Schools help each other in getting information.
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changes on the Ministry of Education’s website, conducting special
conferences or seminars for teachers (except in the Netherlands),
and making various forms of in-service education and professional
development opportunities available to teachers. Other activities
carried out in five or more countries included distributing copies of
revised curricula to schools, issuing notices to schools about recent
changes to the curriculum, and publishing announcements of changes
in professional association newsletters and in journals for teachers.

Exhibit 1.8 shows that, in Sweden, copies of the official curriculum
were made available in printed form to teachers and others, but that
none of the other alternatives listed were supported. Exhibit 1.9, on
the other hand, shows that Sweden makes use of six of the eight listed
alternatives for helping teachers to stay up-to-date with curricular
changes. Most countries indicated that they used five or more of the
ways listed. The Philippines supported four, and Slovenia, three.

Implementation of the TIMSS Advanced Mathematics Curriculum

Exhibit 1.10 presents information about how many hours of
classroom time are devoted each week to advanced mathematics in
the participating countries. The National Research Coordinators
provided the estimates for the amount of time prescribed in the
official curriculum, and the teachers of the students being assessed
provided the information about the number of hours devoted to
advanced mathematics each week in their own classrooms. While
the two estimates were equal only in Norway, there was a fairly high
degree of agreement in all countries. That is, the estimate of class time
in the intended curriculum is more or less the same as that in the
implemented curriculum.

Teachers also were asked to report the percent of instructional time
they devoted to the three TIMSS Advanced 2008 content domains—
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Exhibit 1.10 Weekly Hours of Intended and Implemented Instructional Time TIMSSAdvance 2ooa
for Advanced Mathematics in the Final Year Advanced Mathematics

Intended

Instructional Time Number of Weeks e

Implemented
Instructional Time for
Advanced Mathematics

Country as Prescribed in the | Schools Are Open
Curriculum in a Year*
(in Hours per Week)

SOURCE: IEA TIMSS Advanced 2008 ©

Armenia 3.9 34 r 4.6 (0.07)

Iran, Islamic Rep. of 6.0 36 49(0.23)

Italy 3.0-5.0 42 3.6 (0.10)

Lebanon 9.6 26 8.6 (0.10)

Netherlands 4.0%* 40 3.8 (0.08)

Norway 3.7 38 3.7.(0.07)

Philippines 2.5-5.0 36 5.2(0.24)

Russian Federation 6.0-9.0 34 5.8 (0.15)

Slovenia 3.7 35 3.8 (0.04)

Sweden 2.7-3.1%%% 38 3.9(0.13)
Intended instructional time provided by National Research Coordinators. Implemented *** |nstructional time is not prescribed in the current curriculum. The range above is an
instructional time provided by teachers. estimate based on prescriptions of instructional time from the previous curriculum
* Number of weeks are estimated by dividing total number of school days in a year averaged over three years.

by five. () Standard errors appear in parentheses.

** Instructional time is not prescribed for advanced mathematics. According to the An“r"indicates data are available for at least 70% but less than 85% of the students.

curriculum, a total of 760 hours over three years should be spent by the students on
advanced mathematics (including homework and instruction). About 60% on average
should be spent as class time.
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algebra, calculus, and geometry—as well as to other topics. As shown
in Exhibit 1.11, the three TIMSS Advanced content domains together
accounted for at least 8o percent of the instructional time available
for advanced mathematics in every country as reported by the final
year teachers.

The largest proportion of class time in advanced mathematics in
eight of the participating countries was devoted to calculus, but there
was considerable variation across countries in this regard. In Italy, 62
percent of class time was taken up by calculus, the largest proportion by
far for this group of countries. In Armenia, on the other hand, calculus
accounted for only 20 percent of instructional time (presumably
because fewer calculus topics are covered as reported in Exhibit 1.4),
and the largest segment of the advanced mathematics program there
was algebra. Algebra had the highest share of instructional time in
the Russian Federation also, although the same percent of time was
devoted to geometry as to algebra. Geometry had less time than
either of the other two content domains in Italy, the Netherlands, the
Philippines, and Slovenia.

TIMSS Advanced asked teachers about the topics actually taught
in the mathematics classroom. Teachers of the assessed students
were asked to indicate whether each of the TIMSS Advanced topics
was mostly taught before this year, mostly taught this year, or not yet
taught or just introduced. Exhibit 1.12 presents teachers’ reports on
the percentages of students who were taught the TIMSS Advanced
mathematics topics prior to or during the year of the assessment. The
exhibit shows, for each country, averaged across the content domains,
the percentage of students whose teachers reported that the students
had been taught each topic. Teachers in Lebanon and Slovenia reported
an extremely high degree of correspondence, with 95 to 96 percent of
the students having been taught the topics. In the remaining countries,
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Exhibit 1.11 Percent of Time in Advanced Mathematics Class Devoted to TIMSS Content TIMSSAdvance 2oos
During the Final Year Advanced Mathematics
Armenia r 37 (0.5) 20 (0.8 33 (0.6) 10(0.3) é
Iran, Islamic Rep. of 20 (0.9) 41(1.5) 24(1.2) 14 (1.0) é
Italy 17 (1.1) 62 (1.9) 13 (1.0) 8(1.4) %
Lebanon r 21 (0.6) r 35 (0.6) r 28 (0.5) r 15 (0.9) g
Netherlands 31(1.2) 34 (1.6) 28 (1.1) 7(1.2) §
Norway 23 (0.9) 31(1.0) 28 (0.8) 17 (1.0)
Philippines 30(1.7) 37 (2.1) 27 (1.7) 6(1.3)
Russian Federation 32(1.2) 27 (0.8) 32(0.9) 9(0.9)
Slovenia 36 (1.1) 43 (1.1) 9(0.9) 12(1.2)
Sweden 24.(0.9) 42 (0.8) 32(1.1) 2(0.4)
Data provided by teachers. An“r"indicates data are available for at least 70% but less than 85% of the students.
() Standard errors appear in parentheses.
Exhibit 1.12 Average Percent of Students Taught the TIMSS Advanced 2008 TIMSSAdvance 2008
Mathematics Topics Prior to or During the Final Year* Advanced Mathematics

o Overall Algebra Calculus Geometry %
y (16 topics) (6 Topics) (5 topics) (5 Topics) §
Armenia r 80 (0.4) 80(0.2) 66 (1.4 94(0.2) g
<<
Iran, Islamic Rep. of 89 (1.1) 80 (1.2) 95 (1.3) 93 (1.6) g
=
Italy 86 (1.4) 70 (2.0) 94 (1.6) 93 (1.8) ]
Lebanon 96 (0.4) 95 (0.7) 95 (0.5) 99 (0.2) %
Netherlands 86 (0.8) 84 (0.7) 93 (0.9) 81(1.7) "
Norway 89 (0.8) 81(0.9) 96 (0.9) 91 (1.3)
Philippines 79 (1.6) 85(1.7) 64 (2.9) 87 (1.5)
Russian Federation == == == ==
Slovenia 95 (0.6) 97 (0.6) 88 (1.5) 99 (0.4)
Sweden 79 (1.1) 69 (1.5) 95 (1.0) 72 (1.9)
Data provided by teachers. A dash (-) indicates comparable data are not available. The Russian Federation did not
*  The 27 topics on the intended curriculum in the TIMSS Advanced Curriculum collect this information.
Questionnaire were combined into 16 topics for the Teacher Questionnaire about the () Standard errors appear in parentheses.
implemented curriculum. An “r"indicates data are available for at least 70% but less than 85% of the students.
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most students (79 to 89 percent) had been taught the topics. Looking at
the particular domains, fewer Italian and Swedish students (69-70%)
had been taught the algebra topics, fewer Armenian and Philippine
students (64-66%) had been taught topics in calculus—Armenia
being the country with the least curricular emphasis on this area—
and fewer Swedish students (72%) had been taught the geometry
topics, consistent with reports about less emphasis on this area in the
Swedish curriculum.

As previewed in the discussion of Exhibit 1.4, the participating
countries were asked to indicate whether each of the
TIMSS Advanced 2008 mathematics topics was included in their
intended curriculum; and, as summarized in Exhibit 1.12, the teachers
of the TIMSS Advanced 2008 mathematics classes in every country
(except the Russian Federation) were asked to indicate whether the
advanced mathematics students had been taught that topic. There were
27 topics in all: 10 in algebra, 9 in calculus, and 8 in geometry. The
topic-by-topic responses are summarized in Exhibits 1.13 through 1.15.

Exhibit 1.13 shows that 9 of the 10 topics in the algebra domain
were reported by the National Research Coordinators to be included
in the intended curriculum of their country. The only exception was
complex numbers which was included in the intended curriculum of
only five countries. As would be anticipated, if the topic of complex
numbers was not in the intended curriculum for the country, it was
taught to only a few students in those countries. Generally speaking,
the remaining TIMSS Advanced topics in algebra corresponded to
those topics in the intended curriculum and were taught to a large
proportion of the TIMSS Advanced 2008 students.

Exhibit 1.14 shows that all eight of the topics in the
TIMSS Advanced 2008 calculus domain were included in the intended
curriculum of almost all these countries except Armenia. In particular,
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Exhibit 1.13 Intended and Taught TIMSS Advanced 2008 Algebra Topics TIMSSAdvancedpliil]

Advanced Mathematics

Algebra Complex Numeric and Permutations, Combinations, g
(10 topics) Numbers Algebraic Series and Probability ©
Topicls in the Average g
Topic s Psercent el Topic s O Percent of E
inth tudents in th Students students I
Country IS Taught = Taught : foe S
Intended Thi Intended Thi Permutations Taught [
Curriculum T - Curriculum T - and Probability| These 5
opic OPIC | combinations Topics NS
(o]
Armenia O r 12(0.4) [ J r95(0.3) o o r 89(0.4)
Iran, Islamic Rep. of O 7(1.8) o 93 (2.4) o [ ] 93 (2.0)
Italy o 54 (4.8) O 34 (4.9) ([ ([ 46 (5.3)
Lebanon [ J 99 (0.3) [ J 92 (1.2) [} ([} 93(1.7)
Netherlands @) 14 (3.6) [ ) 96 (2.3) o o 100 (0.0)
Norway O 3(1.8) o 97 (2.0) o o 93 (2.4)
Philippines o 62 (4.9) [ J 81 (4.1) ([ (] 73 (3.8)
Russian Federation ([ J - [ J -- ([ J ([ J -—
Slovenia o 100 (0.0) [ J 100 (0.0) o o 89 (2.7)
Sweden O 59 (2.4) [ 82 (3.5) O ([} 37 (4.2)
Algebra Polynomial Equations and Inequalities, Equivalent Values of a Function and

Radical Equations, and Logarithmicand | Representation of a

Exponential Equations Function AR G ATE e

(10 topics)

Topic s in the Topicls in the
B e B e g s
Students Topiclsin Students Students
Country Polynomial Logarithmic Taught the Intended | Taught Taught
Equations | Radical and 1?:9 Curriculum This Values of a | Function of 1?:9
and Equations [Exponential T e Topic Function | a Function T e
Inequalities Equations opics opics
Armenia ([ ([ J [ ] r 96(0.2) ([ r 94(0.4) o (] r 91(0.3)
Iran, Islamic Rep. of ([} ([ J [ J 96 (1.5) ([} 95 (1.6) o (] 96 (1.4)
Italy o { ] [ J 97 (1.9) o 92 (2.7) o o 99 (1.3)
Lebanon o o o 97 (1.2) o 92 (1.4) [ ] () 96 (1.4)
Netherlands ([ ([ J o 100 (0.0) ([ 94 (2.0) ([ ([ J 99 (0.8)
Norway ([} ( [ 99 (0.6) ([} 94 (2.0) o { 100 (0.0)
Philippines o o [ J 97 (1.4) o 98 (1.2) o O 98 (1.3)
Russian Federation ([} ([ J [ - ([} - o o ——
Slovenia ([ ([ J [ ] 100 (0.0) ([ 96 (2.5) o (] 100 (0.0)
Sweden ([ J ( [ J 98 (1.3) o 91 (2.7) o o 94 (2.3)
® Yes O No
Data on intended curriculum provided by National Research Coordinators, and on () Standard errors appear in parentheses.

implemented curriculum by teachers at the time of testing.

A dash (-) indicates comparable data are not available. The Russian Federation did not
collect this information.

An“r"indicates data are available for at least 70% but less than 85% of the students.
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Exhibit 1.14 Intended and Taught TIMSS Advanced 2008 Calculus Topics

Calculus

(9 topics) Limits and Continuity

Topic Is in the
Intended Curriculum

Conditions for
Continuity and
Differentiability

Average
Percent of
Students
Taught
These

Differentiation
of a Function
(Polynomial,
Logarithmic,

Exponential and

Trigonometric)

Country
Limits of

Functions

Armenia (] O r 91(0.3) [ )
Iran, Islamic Rep. of ([ J ( J 97 (1.3) o
Italy ° ° 98 (1.5) °
Lebanon (] (] 99 (0.1) (]
Netherlands O O 69 (4.6) [
Norway ([ J ([ J 84 (4.2) o
Philippines [ J ([ J 88 (2.9) [ J
Russian Federation (] (] -- (]
Slovenia o ([ ] 100 (0.0) ([
Sweden O O 77 (4.0) ([

Calculus
(9 topics)

Gradient, Turning Points, and
Points of Inflection of Functions

Topic Is in the
Intended Curriculum

: 2 Average
U5|r!g F[rst Using Second | Percent of
Derivative S
Countr to Derivative to | Students
y b : Determine Taught
etermine .
: Maxima, These
Gradients o .
Minima, and Topics
and :
: Points of
Turning :
: Inflection
Points
Armenia o O ro66(4.3)
Iran, Islamic Rep. of o o 97 (1.3)
Italy [ J [ J 9 (2.1)
Lebanon o o 100 (0.3)
Netherlands o o 100 (0.0)
Norway o [ J 99 (0.6)
Philippines [ J [ J 57 (4.6)
Russian Federation o o -—
Slovenia o O 93 (1.6)
Sweden [ [ J 100 (0.0)
® Yes O No

0

Data on intended curriculum provided by National Research Coordinators, and on
implemented curriculum by teachers at the time of testing.

A dash (<) indicates comparable data are not available. The Russian Federation did not
collect this information.

TIMSSAdvancedp{['i}:}
Advanced Mathematics

Using Derivatives to
Solve Problems

Differentiation of a Function

Topic Is in the
Intended Curriculum

Average
Percent of
: o Students : Percent of
D|fferentlat.|on Taught T_oplc Is Students
of Composite Th in the Taught
and Parametric e Intended Thg
Functions Topics Curriculum &
Topic
o r 87(0.4) o r 65(23)
(] 97 (1.3) (] 96 (1.3)
o 97 (1.7) o 94 (2.4)
([} 97 (1.0) ([} 81(2.0)
o 100 (0.0) o 100 (0.0)
o 98 (1.7) (] 99 (0.7)
o 81(3.4) o 54 (4.8)
o - ([} -
o 100 (0.3) o 65 (5.7)
(] 100 (0.0) o 100 (0.5)

Integration

Topic Is in the
Intended Curriculum

Average
Percent of
Students
Taught
These
Topics

Evaluating
Definite
Integrals

©)
[ ]
[ ]
[ ]
[ ]
(]
[ ]
(]
[ ]
(]

Integrating
Functions

r 20 (49)
89 (2.5)
85(3.9)
98 (0.0)
98 (1.3)

100 (0.0)
4 (53)

81(3.9)
97 (13)

® 6 6 6 6 060 060 0 0 O

Standard errors appear in parentheses.
An“r"indicates data are available for at least 70% but less than 85% of the students.
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CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES

the Armenian curriculum does not include integration, and few
students had been taught these topics. Other than that, four of the
topics—differentiation of a function; differentiation of composite and
parametric functions; using derivatives to solve problems; and using
second derivatives to determine maxima, minima, and points of
inflection—were part of the curriculum in every participating country.
The others were included in the curricula of at least eight countries.
There was a high degree of agreement between the fact that a topic was
deemed to be part of the official curriculum for a country and that
relatively high percentages of students were taught that topic according
to their teachers, but less than in algebra. For example, the Netherlands
and Sweden reported that topics related to limits and continuity were
not covered in their curricula, yet according to teachers, on average 69
and 77 percent of the students, respectively, had been taught the two
topics asked about—limits of functions and conditions for continuity
and differentiability. In contrast, the Philippines reported that topics
related to derivatives, points of inflection, and integration were
included in the curriculum; but according to their teachers only about
half of the students or fewer had been taught any of these topics.

Exhibit 1.15 focuses on the geometry content domain where, for
many years, there has likely been more variability across countries
with respect to which topics should be part of the curriculum
and what pedagogical approach should be taken than in any
other area of the mathematics curriculum. The topics included in
TIMSS Advanced 2008 geometry domain are indicative of that
variability, covering quite a wide variety of areas including traditional
Euclidean geometry, analytic geometry, transformation geometry
approached through vectors, and trigonometry.

Three of the TIMSS Advanced geometry topics—proving
geometric propositions in two dimensions, trigonometric properties
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Exhibit 1.15 Intended and Taught TIMSS Advanced 2008 Geometry Topics
Advanced Mathematics

Geometry Properties of Geometric Gradients, Y-axis Circles
(8 topics) Figures (2- and 3-D) Intercepts, and Point

of Intersection of

Topicls in the Straight Lines in Topic s in the
Intended Curriculum Cartesian Coordinates Intended Curriculum
Average Average
Percent of Equations Percent of
C Students -~ Students
ountry Proving Proving Taught Topic Is Percent of : Tangents Taught
9 Properties 9
Geometric Geometric These in the Students : and These
o o e of Circles :
Propositions | Propositions Topics Intended Taught in the Normals Topics
in 2-D in 3-D Curriculum | This Topic C : to Circles
artesian
Plane
Armenia ([ J ([ J r 97(0.1) ([ J ro92(03) ([ J o r95(0.2)
Iran, Islamic Rep. of ([ J ([ 92 (2.2) ([ J 95 (1.8) ( [ J 93 (2.0)
Italy ( J o 92 (2.9) o 93 (2.6) o [ J 97 (1.7)
Lebanon ([ ([ 97 (0.6) ([} 99 (0.4) ([ o 100 (0.2)
Netherlands ( J O 100 (0.0) O 79 (4.9) O O 69 (4.7)
Norway ([ J ([ J 63 (4.9) ([} 99 (0.6) ([ O 92 (3.1)
Philippines @ @ 88 (2.8) o 96 (1.8) o [ ) 98 (1.0)
Russian Federation ( ( - ([} -— o o -—
Slovenia ([ J O 100 (0.0) ([ J 100 (0.0) ([ J [ J 96 (2.1)
Sweden ([ J O 88 (3.5) ([} 97 (1.4) O O 55 (5.7)
. roperties or Vectors
8 topics :
( pics) and Their Sums
Topicls in the and Differences
Intended Curriculum Average
Percent of
Solving Students :
Country Trigonometric| Equations Taught T.OPIC o S
Properties of Involving These ihe SIUCCRES
Triangles Trigonometric Topics LT ESLIL
9 Fg : P Curriculum | This Topic
unctions
Armenia o o r96(0.2) [ ) r92(0.4)
Iran, Islamic Rep. of [ J ([ J 94 (1.8) [ J 92 (2.0)
Italy ([ ([ J 98 (1.5) [ ] 85(2.7)
Lebanon [ ] ([} 99 (0.3) [ 100 (0.0)
Netherlands o (] 100 (0.0) [ ] 55 (4.4)
Norway o o 99 (0.6) o 99 (0.6)
Philippines o ([ J 100 (0.2) O 57 (5.1)
Russian Federation [ J ([ J - o -—
Slovenia (] ([ J 100 (0.0) o 100 (0.0)
Sweden [ J ([} 100 (0.0) O 19 (4.5)
@ Yes O No
Data on intended curriculum provided by National Research Coordinators, and on () Standard errors appear in parentheses.

implemented curriculum by teachers at the time of testing.

A dash (-) indicates comparable data are not available. The Russian Federation did not
collect this information.

An“r"indicates data are available for at least 70% but less than 85% of the students.
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CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES

of triangles, and solving equations involving trigonometric functions—
were included in the curriculum of all countries and taught to nearly
all students. However, in Sweden several geometry topics were not
included in the curriculum and only about half the Swedish students
were taught geometric topics related to circles and only 19 percent
about vectors. Similarly, vectors were not included in the curriculum
or taught very much in the Philippines. In a few cases, topics were
not considered to be in the curriculum but teachers reported that
substantial percentages of the students were taught the topics in any
case. For example, in the Netherlands, teachers reported that three
geometry topics not specified in the curriculum were taught to large
percentages of students: gradients, y-axis intercepts, and intersections
in the Cartesian plane (79%); and two circle topics: equations and
properties of circles in the Cartesian plane, and tangents and normals
to circles (69% on average for the two circle topics).

How Well Prepared Do Teachers Feel They Are
to Teach Mathematics?

TIMSS Advanced 2008 asked the students’ teachers of mathematics
how well prepared they felt they were to teach some of the mathematics
topics included in the advanced mathematics framework. For each
topic, teachers were asked to indicate whether they felt very well
prepared, somewhat prepared, or not well prepared. Teachers were
asked about 16 topics in total, including 6 topics in algebra, 5 topics in
calculus, and 5 topics in geometry. The percentages of students whose
teachers reported feeling very well prepared to teach the various topics
are presented in Exhibits 1.16 and 1.17. In Exhibit 1.16, the results are
summarized by averaging the percentages of students whose teachers
reported feeling very well prepared to teach each topic: first across
all of the 16 mathematics topics, and next across the topics in each of
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Exhibit 1.16 Percent of Students Whose Teachers Feel “Very Well” Prepared

Data provided by teachers.

Armenia

Iran, Islamic Rep. of

Italy

Lebanon

Netherlands

Norway

Philippines

Russian Federation

Slovenia

Sweden

A dash (-) indicates comparable data are not available. The Russian Federation did not

collect this information.

to Teach the TIMSS Advanced 2008 Mathematics Topics

Country Overall
(16 topics)

Algebra Calculus Geometry
(6 topics) (5 topics) (5 topics)

Percent of Students

76 (1.7) 66 (2.0)
83 (1.5) 95 (0.9)
58(3.0) 77(3.6)
95 (0.6) 92 (0.6)
84(22) 92(1.6)
87 (1.3) 99 (0.6)
76 (2.3) 51(37)
86 (2.5) 79(3.0
77 (2.6) 90 (1.7)

() Standard errors appear in parentheses.

EA

TIMSSAdvancedpli[i}}

Advanced Mathematics

TIMSS & PIRLS

International Study Center
Lynch School of Education, Boston College
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CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES

the 3 content domains. Exhibit 1.17 presents the results for each topic.
Teachers in the Russian Federation were not asked for this information
so the cells in the table for them are blank.

Exhibit 1.16 makes it clear that, in most of the participating
countries, the vast majority of students were taught by teachers who
considered themselves to be very well prepared to teach these advanced
mathematics topics at this level. This result is not particularly surprising,
but there may be some cause for concern in those countries where 20
percent or more of the students were taught by teachers who considered
themselves either somewhat prepared or not well prepared to teach these
16 topics. Over 9o percent of the advanced mathematics students in
Lebanon and Norway as well as more than 8o percent of those in 4 more
countries (Iran, the Netherlands, Slovenia, and Sweden) were taught
by teachers who considered themselves well prepared, on average, to
teach the TIMSS Advanced topics. On the other hand, more than 20
percent of students in Armenia, Italy, and the Philippines were taught by
teachers who were not as confident about their degree of preparedness.

Examining these results on a country-by-country and topic-by-
topic basis answers some questions about the variability across topics
in countries such as Armenia and the Philippines. Exhibit 1.17 shows
the percent of students whose teachers considered themselves to be very
well prepared to teach the topics in the three TIMSS Advanced 2008
content domains on a topic-by-topic basis, again excluding the Russian
Federation. One might expect that almost all mathematics teachers at
this level would be well qualified insofar as the subject matter of the
course is concerned, and that such teachers would feel themselves to
be very well prepared to teach the course. This turns out, surprisingly
enough, not to be the case for every topic in every country, and this
is reflected in the content of the three tables that make up the exhibit:
one table for each of the three content domains.

-
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Exhibit 1.17 Percent of Students Whose Teachers Feel “Very Well” Prepared TIMSSAdvancedfiI )
to Teach the TIMSS Advanced 2008 Mathematics Topics in Algebra, Advanced Mathematics
Calculus, and Geometry

Percent of Students Whose Teachers Report Feeling Very Well
Prepared to Teach the Topics in Algebra (6 topics)

Polynomial
Country P : B : Values of a
: ermutations, Inequalities, Equivalent :
Complex Numeric and C S : : : Function and
. . ombinations, [Radical Equations,| Representation .
Numbers Algebraic Series s : : : Function of a
and Probability | and Logarithmic of a Function F :
. unction
and Exponential
Equations
Armenia 40 (4.8) 94 (1.4) 62 (3.7) 94 (1.6) 78 (2.3) 83 (2.1)
Iran, Islamic Rep. of 47 (43) 81(2.9) 80 (3.0) 9 (1.5) 97 (1.2) 96 (1.4)
Italy 54 (4.6) 39 (5.8) 25 (43) 87 (3.4) 63 (4.5) 79 (4.3)
Lebanon 98 (0.6) 92 (1.2) 95 (0.9) 96 (1.2) 94(1.0) 97 (0.8)
Netherlands 61(5.1) 82 (3.9) 74 (4.5) 98 (1.1) 89 (3.6) 97 (1.4)
Norway 56 (4.7) 99 (0.6) 76 (4.2) 100 (0.0) 94 (2.4) 100 (0.0)
Philippines 82 (3.8) 57 (4.9) 47 (5.1) 91 (3.0) 94 (2.7) 87 (3.3)
Russian Federation == == == == == ==
Slovenia 94 (3.5) 89 (4.1) 52 (6.0) 9 (2.1) 89 (3.4) 96 (2.0)
Sweden 80 (3.9) 65 (5.3) 44 (5.5) 9 (1.6) 85 (3.6) 92 (2.9)
Percent of Students Whose Teachers Report Feeling Very Well
Prepared to Teach the Topics in Calculus (5 topics)
Gradient,
Country S : o Using Turning Points,
Limits and Differentiation Derivati d Poi P I :
it of a Function erivatives to and Points o ntegration
Solve Problems Inflection of
Functions

Armenia 91 (1.3) 96 (0.2) 52 (4.4) 51(4.4) 36 (5.5)

Iran, Islamic Rep. of 97 (1.4) 99 (0.6) 88 (2.9) 100 (0.4) 93 (1.7)

Italy 86 (3.7) 84 (3.9) 57 (5.9) 78 (4.7) 79 (4.4)

Lebanon 97 (0.7) 98 (0.7) 70 (2.1) 97 (0.7) 98 (0.6)

Netherlands 82 (3.6) 98 (1.1) 89 (3.4) 98 (1.1) 92 (2.7)

Norway 95 (2.4) 100 (0.0) 97 (1.2) 100 (0.0) 100 (0.2)

Philippines 66 (4.5) 57 (5.4) 34 (5.1) 52 (4.4) 47 (4.7)

Russian Federation == == == == ==

Slovenia 73 (5.1) 95 (2.6) 43 (5.7) 95 (2.7) 89 (4.1)

Sweden 69 (5.3) 97 (1.6) 93 (2.7) 98 (1.3) 95 (2.2)

Data provided by teachers. () Standard errors appear in parentheses.

A dash (-) indicates comparable data are not available. The Russian Federation did not
collect this information.
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Exhibit 1.17 Percent of Students Whose Teachers Feel “Very Well” Prepared TIMSSAdvancedf i
to Teach the TIMSS Advanced 2008 Mathematics Topics in Algebra, Advanced Mathematics
Calculus, and Geometry (Continued)

Percent of Students Whose Teachers Report Feeling Very Well
Prepared to Teach the Topics in Geometry (5 topics)

Gradients,
Y-axis Intercepts,
and Point of

Country Properties of
Geometric Vectors and

Properties of

Intersection of Circles Trigonometry
Straight Lines in
Cartesian
Coordinates

Their Sums and
Differences

Figures
(2- and 3-D)

SOURCE: IEA TIMSS Advanced 2008 ©

Armenia 91(1.7) 85 (1.6) 85(1.3) 96 (0.2) 87 (3.3)
Iran, Islamic Rep. of 62 (4.2) 91(2.2) 92(23) 88(2.2) 86 (2.8)
Italy 49 (5.5) 70 (4.6) 82(3.9) 87 (3.5) 68 (4.3)
Lebanon 98 (0.6) 98 (0.7) 98 (0.7) 95 (1.0) 98 (0.6)
Netherlands 71(5.1) 80(3.3) 79 (4.2) 97 (1.3) 86 (3.8)
Norway 71(5.2) 100 (0.0) 99 (0.9) 100 (0.4) 99 (1.2)
Philippines 42 (5.3) 87 (3.6) 82 (4.1) 87 (3.8) 39 (5.1)
Russian Federation == == == == ==

Slovenia 59(5.7) 99 (0.8) 82(3.7) 94 (2.5) 95(3.1)
Sweden 63 (5.9) 95 (2.1) 61(4.8) 97 (1.5) 67 (4.7)

Data provided by teachers. () Standard errors appear in parentheses.

A dash (-) indicates comparable data are not available. The Russian Federation did not
collect this information.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College
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If 80 percent or more is used as a criterion for countries where
a large majority of students were taught by teachers who consider
themselves to be very well prepared to teach a topic, three algebra
topics—equations and inequalities, equivalent representations of
functions, and functional values and function of a function—are areas
that most of these advanced mathematics teachers felt very comfortable
teaching. That was not the case for the other three algebra topics:
complex numbers, series, and permutations and combinations. In the
case of complex numbers, the results are understandable for Armenia,
Iran, the Netherlands, Norway, and Sweden, since this topic is not
included in their curricula (see Exhibit 1.13) and teachers, therefore,
mostly likely do not feel the need to be prepared and may not even be
especially trained in this area. On the other hand, for permutations and
combinations, the 8o percent or more criterion was reached in fewer
than half the countries even though the topic typically was in their
curricula. Taking into account that the series topic was not included in
the curriculum, the proportion of Italian students who were taught by
teachers who considered themselves to be very well prepared to teach
these algebra topics was generally lower than in the other countries.
Also, as shown in Exhibit 1.13, fewer Swedish students had been taught
topics related to probability than might be expected.

The second table in Exhibit 1.17 concerns the five calculus
topics, and it raises similar issues. Three topics—differentiation;
using derivatives to determine slopes, turning points, and points
of inflection of functions; and integrating functions and evaluating
definite integrals—are areas in which a large majority of students of
advanced mathematics in most countries were being taught by teachers
who felt they were well prepared to do so. This, however, was not true
for some topics included in the curriculum for some countries (see
Exhibit 1.14); for example, limits and continuity in the Netherlands
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CHAPTER 1: THE ADVANCED MATHEMATICS CURRICULUM IN THE PARTICIPATING COUNTRIES

(69%) and Sweden (77%), and using derivatives to solve problems for
several countries. In the latter case, the 8o percent or better criterion
was not met in Armenia (65%), the Philippines (54%), and Slovenia
(65%), and this should be a particular concern for such an essential part
of any introductory calculus course. In particular, the proportions of
students who were taught by teachers who considered themselves to be
very well prepared to teach the calculus topics were generally lower in
the Philippines than in the other countries, and this may help explain
why substantial percentages of students were not being taught these
topics even though the topics are in the curriculum (see Exhibit 1.14).
The percentages also were lower in Armenia, but primarily because a
number of the calculus topics (most notably integration) are not in the
Armenian curriculum.

The third table in the exhibit deals with the five topics grouped
under geometry. The first topic, properties of geometric figures, drew
the least support; that is, the percent of students who were taught it
by teachers who felt themselves to be well prepared to teach this topic
was lower in most countries than for any other topic. The percentages
were high (over 9o%) only in Armenia and Lebanon, and ranged from
42 to 71 percent for the other countries. It is not clear what one might
infer from such a result without knowing more about how teachers
interpreted the question they were asked. One possibility is that the
inclusion of 3-dimensional figures in the question might have affected
the results, but this explanation works best for Sweden where the
3-dimensional topic is not in the curriculum and not covered in all
classrooms. For the other countries, this topic was in the curriculum
and even when it was not, such as in the Netherlands and Slovenia,
teachers unanimously reported teaching it (Exhibit 1.15).

The other four geometry topics had much stronger support. Across
the nine countries that provided data, over 8o percent of students in
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seven or more countries were taught these topics by teachers who
considered themselves to be very well prepared to teach these topics.
Country-by-country comparisons indicate that the proportions of
students who were taught these geometry topics by teachers who
felt very well prepared to do so were generally lower in Italy, the
Philippines, and Sweden than in the other countries. As observed
previously (see Exhibit 1.15), the Swedish curriculum does not include
some of the TIMSS Advanced geometry topics. However, all the
geometry topics are included in the Italian curriculum and taught to
more than 9o percent of the students (except vectors, taught to 80%).
Similarly, with the exception of vectors, all of the geometry topics are
in the Philippine curriculum and taught to almost all students (88 to
100%). Interestingly, 86 percent of the students in the Netherlands have
teachers who feel confident to teach vectors and the topic of vectors
is in the Dutch curriculum, but just over half the students (55%) are
taught vectors according to their teachers.

In summary, Chapter 1 presents a considerable amount of
important information that should be taken into account when
considering the achievement results presented in Chapter 2 for each
country. Many country characteristics, such as socioeconomic factors
and country population size can affect the challenges associated with
educating students in advanced mathematics. Beyond that, in some
countries, students have had more years of schooling or the advanced
mathematics program entails as much as twice the hours of study
across the years of the program. In some cases, countries were more
selective than others in identifying the students to be assessed in
TIMSS Advanced. Also, the curriculum differed somewhat across
the advanced mathematics programs assessed in TIMSS Advanced
as did teachers’ confidence in their preparation to teach the topics
assessed. The considerable variation across the 10 participating
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countries in these system-wide contexts for educating students in
advanced mathematics provides a complicated and multifaceted
backdrop for considering variation in mathematics achievement.
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Chapter 2

International Student
Achievement in
Advanced Mathematics

Chapter 2 focuses on the TIMSS Advanced 2008 achievement results
for students enrolled in advanced mathematics courses in the final
year of secondary school in each of the participating countries. The
chapter also addresses trends in mathematics achievement over time
for participants in the previous TIMSS assessment at this level in 1995.
Achievement differences by gender are also discussed.

Distribution of Advanced Mathematics Achievement
in the Participating Countries

Exhibit 2.1 shows the distribution of student achievement in
mathematics for the participants in TIMSS Advanced 2008, including
the average (mean) scale score with its 95 percent confidence interval
and the ranges in performance for the middle half of the students (25th
to 75th percentiles), as well as the extremes (5th and g5th percentiles).
Countries are listed in decreasing order of average scale score.
TIMSS Advanced 2008 used item response theory (IRT) methods
to summarize the advanced mathematics achievement for each country
on the TIMSS Advanced mathematics scale with a mean of 500 and
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a standard deviation of 100.! The TIMSS Advanced mathematics scale
for reporting the TIMSS Advanced 2008 results was established by
rescaling the data from the 1995 TIMSS mathematics assessment
of students in the final year of secondary school together with
the mathematics data from the 2008 assessment using the scaling
procedures currently used by TIMSS, and the methodology enables
comparable trend measures from assessment to assessment.> That
is, on the newly developed TIMSS Advanced mathematics scale,
a score of 500 in advanced mathematics in 2008 is equivalent to a
score of 500 in advanced mathematics in 1995.3 It should be noted,
however, that achievement on the TIMSS Advanced mathematics
scale cannot be described in absolute terms (as would be the case
with all such scales developed using IRT technology), so these results
cannot be directly compared to those for TIMSS Advanced physics
found in Chapter 8. Comparisons between achievement in advanced
mathematics and achievement in physics can only be made in terms
of relative performance (higher or lower) among countries as well as
between assessments.

Exhibit 2.1 shows that the 10 countries participating in the
TIMSS Advanced 2008 mathematics assessment had considerable
differences in their average achievement. At the top is a group of three
countries—the Russian Federation, the Netherlands, and Lebanon.
As shown by the symbol next to a participant’s average scale score
indicating whether the average achievement is significantly higher
(up arrow) or significantly lower (down arrow) than the scale average
of 500, each of the three top-performing countries had average
achievement higher than the international scale average of 500. The
average scale scores for these three countries are relatively close to one
another compared to the rest of the participating countries (ranging
from 561 to 545), with each of the countries having average achievement

1 Given the matrix-sampling approach, the scaling process averages students’ responses in a way that accounts for differences in
the difficulty of different subsets of items. It allows students’ performance to be summarized on a common metric even though
individual students responded to different items in the advanced mathematics test.

2 Please see Appendix A for further information. A detailed description of the TIMSS Advanced 2008 scaling is provided in Foy, P.,
Galia, J., &Li, I. (2009). Scaling the data from the TIMSS Advanced 2008 mathematics and physics assessments. In A. Arora, P. Foy,
M.O. Martin, and LV.S. Mullis (Eds.), TIMSS Advanced 2008 technical report. Chestnut Hill, MA: TIMSS & PIRLS International Study
Center, Boston College.

3 Because the rescaled 1995 data together with the 2008 data have been used in the analyses conducted for TIMSS Advanced 2008
and procedures differed from those used in 1995, the results from the 1995 data in this report cannot be compared directly with
previous published 1995 achievement results.
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Exhibit 2.1  TIMSS Advanced 2008 Distribution of Achievement in Advanced Mathematics TIMSSAdvancedp{/]i1:

Advanced Mathematics

Advanced Mathematics Achievement Country Context for Achievement
Advanced
Years of | Average | Human
Country Advanced Mathematics Achievement Average | M3 | Eormal | Ageat | Develop-
q a q ematics .

Distribution Scale Score C School- Time ment

overage ing* of Testing | Index**

Index
Russian Federation e mm Q 561(7.2) 1.4% 10/11 17.0 0.813
t Netherlands o e O 552(26) 3.5% 12 18.0 0.953
Lebanon L . O 545(23) 5.9% 17.9 0.772
Iran, Islamic Rep. of — - 497 (6.4) 6.5% 18.1 0.759
Slovenia I 2 A —— @ 457 (4.2) 40.5% 12 18.8 0.917
Italy — L E— @ 449 (7.2) 19.7% 13 19.0 0.941
Norway EE— 2= @ 439 (4.9) 10.9% 12 18.8 0.968
Armenia — L} — ® 433(3.6) 43% 10 17.7 0.775
Sweden E— L] — @ 412 (5.5) 12.8% 12 18.8 0.956
Philippines — = — ® 355(5.5) 0.7% 10 16.4 0.771
[ I I I I I I |
100 200 300 400 500 600 700 800
Percentiles of Performance Country average significantly higher than TIMSS Advanced
2sth [l 75th scale average
95% Confidence Inte_r'v_al for Average (+2SE) Country average significantly lower than TIMSS Advanced
scale average
*  Represents years of schooling counting from the first year of primary or basic T Met guidelines for sample participation rates only after replacement schools were
education (first year of ISCED Level 1). included (see Appendix A).
**  Taken from United Nations Development Programme’s Human Development Report () Standard errors appear in parentheses.

2007/2008, p.229-232.
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similar to next.« However, there was a noticeable difference in average
achievement between the Russian Federation with the highest average
achievement and Lebanon (16 scale points), with the Netherlands in
between the two. The Islamic Republic of Iran had average achievement
below the top three countries and very close to the scale average (497).

The rest of the participating countries all had average achievement
significantly below the scale average. The next cluster of countries in
descending order by average achievement included Slovenia, Italy,
Norway, and Armenia (457 to 433). These countries had average
achievement that was similar from one country to the next adjacent
country, although there was a significant difference between average
achievement in Slovenia compared to Armenia (24 scale points). Next,
Sweden’s average achievement (412) was lower than that in Armenia (21
scale points). The Philippines, with an average scale score of 355, had
the lowest average achievement.

The outer ends of the bar graphs in Exhibit 2.1 show the range
of scores for a given country from the sth to the g5th percentile. The
Netherlands had the narrowest range of scores between the 5th and
95th percentiles, from a low of about 475 to a high of 625: about 1.5
standard deviations. Next was Lebanon with a somewhat wider
range of about 200 points, or 2 standard deviations. The remaining
7 countries, including the highest scoring Russian Federation, had
ranges close to or exceeding 300 scale points. That is, the range of
scores within most countries exceeded the difference of 206 scale-score
points across countries from the highest average achievement in the
Russian Federation to the lowest in the Philippines.

As described in some detail in Chapter 1, there are many
differences among the education systems of the countries that
participated in TIMSS Advanced 2008. Because of these differences,
there are a number of factors that need to be kept in mind in making

4 Taking into account the standard error provided in parentheses with each average scale score (mean achievement for the country),
it can be said with 95 percent confidence that the corresponding value in the population falls between the sample estimate plus
or minus two standard errors. Confidence intervals allow for an “eyeball” test of significance on whether the differences between
the estimates (i.e., the means in this case) are statistically significant. If the confidence intervals of two estimates do not overlap,
then differences in mean achievement are considered to be statistically significant. If the confidence intervals do overlap, then the
estimates may or may not be statistically significantly different.
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a comparison of the TIMSS Advanced achievement results. Exhibit 2.1
includes some of the basic information that needs to be taken into
consideration. One essential factor to consider is that the number of
years of schooling varied across countries (as described in more detail
in Exhibit 1.1, and replicated here for ease of reference). Exhibit 2.1
shows the number of years of schooling completed in each country
by the students who participated in TIMSS Advanced 2008 and their
average age at the time of testing.

At the time of the TIMSS Advanced 2008 assessment, the students
enrolled in advanced mathematics courses in their final year of
secondary school were in their 12th year of formal schooling in six of
the participating countries: the Netherlands, Lebanon, Iran, Slovenia,
Norway, and Sweden. However, Italy reported 13 years; the Russian
Federation, in the middle of implementing a reform to increase the
number of years of schooling, reported some students with 10 years of
schooling and some with 11 years; and Armenia and the Philippines
reported 10 years. It should be noted that, as discusssed in Chapter 1, a
number of these countries have implemented reforms in the number
of years of schooling since the TIMSS Advanced assessment or are in
the process of doing so.

Because of differences among the years of schooling for these
students in their final year as well as differences in age of entry to
school and in promotion/retention policies, students’ ages also
varied across countries. The oldest students were in Slovenia, Italy,
Norway, and Sweden, averaging from 18.8 to 19 years old. Students
in the Netherlands, Lebanon, Iran, and Armenia were about a year
younger, averaging from 17.7 to 18.1 years old. The students in the
Russian Federation were even younger with an average age of 17, and,
the students in the Philippines were the youngest, averaging 16.4 years
of age. The three top-performing countries—the Russian Federation,
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the Netherlands, and Lebanon—are not among those with the most
years of schooling or the oldest students. However, the Philippines did
have the youngest students and was one of the two countries with the
fewest years of schooling.

Another important consideration in making comparisons in
achievement is the variation in the proportion of students taking
advanced mathematics in the final year of secondary school and
included in the TIMSS Advanced 2008 mathematics population for
the different countries. To quantify this difference among countries,
TIMSS created the TIMSS Advanced 2008 coverage index presented
in Exhibit 1.2. For ease of reference, the coverage index also is provided
in Exhibit 2.1. For example, looking at the highest achieving countries,
the Russian Federation included only 1.5 percent of its students in the
TIMSS Advanced 2008 population from the possible population of all
17-year olds in the country. It seems rather surprising that such a highly
selective population would produce such a wide range of scores. The
Netherlands, on the other hand, included a slightly higher percentage
of its age cohort of 18-year-old students in the assessed population
(3.5%), and had a considerably narrower range of scale scores.

Exhibit 2.1 also contains each country’s Human Development
Index (HDI) value. The HDI was developed by the United Nations
Development Programme, and is used in TIMSS and TIMSS Advanced
2008 to provide some context about the economic and educational
development of the participants. The index has a minimum value of
0.0 and a maximum of 1.0. Countries with high values on the index
(over 0.8 as defined by the UNDP) have long life expectancies, high
levels of school enrollment and adult literacy, and a good standard
of living, as measured by per capita Gross Domestic Product. Five of
the TIMSS Advanced 2008 participants had index values over 0.9,
including the Netherlands (0.953), Slovenia (0.917), Italy (0.941), Norway
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(0.968), and Sweden (0.956). With an index value of 0.813, just over the
0.8 borderline for the UNDP’s high category, the Russian Federation
also falls into the high category. However, four countries had index
values in the 0.7 range and fall into the UNDP’s medium category. Of
the four countries, Armenia, Lebanon, and the Philippines had nearly
identical HDIs (0.771-0.775), with that of Iran being only slightly lower
(0.759). TIMSS results at the fourth and eighth grades have shown that
while there is a positive relationship between having more country-
wide resources and having higher average achievement in mathematics,
the pattern is not always consistents and this appears to be the case for
TIMSS Advanced 2008 mathematics. There is little consistency across
the 10 countries in the relationship between a country’s HDI value
and average achievement in advanced mathematics for the specialized
groups of students that participated in TIMSS Advanced 2008. For
example, average achievement for the countries with HDIs over 0.9
ranged from a high of 552 in the Netherlands to a low of 412 in Sweden,
the Russian Federation with a 0.813 HDI was the top-performing
country, and achievement for the countries with HDISs in the 0.7 range
spanned nearly 200 scale-score points from a high of 545 in Lebanon
to a low of 355 in the Philippines.

Because of the importance of the proportion of the age
cohort covered when considering how countries performed on
the TIMSS Advanced 2008 mathematics assessment, Exhibit 2.2
presents average mathematics achievement in relation to the
TIMSS Advanced 2008 coverage index for mathematics. In the graph,
countries are arranged along the horizontal axis in ascending order of
their TIMSS Advanced 2008 mathematics coverage index, from a low
of 0.7 percent in the Philippines to a high of 41 percent in Slovenia.
Countries are arranged along the vertical axis in ascending order of
their average TIMSS Advanced 2008 scale scores for mathematics,

5 Mullis, LV.S. & Martin, M.O. (2007). Lessons learned from TIMSS. In T. Loveless (Ed.), Lessons learned from international assessments.
Washington, DC: Brooking Institution.
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Exhibit 2.2  Average Achievement in Advanced Mathematics by TIMSS Advanced 2008

Coverage Index for Advanced Mathematics
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Average Achievement Coverage Index
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T Met guidelines for sample participation rates only after replacement schools were

included (see Appendix A).
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497
449
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from a low of 355 in the Philippines to a high of 561 in the Russian
Federation. The x-coordinate for the point corresponding to a given
country, therefore, is the TIMSS Advanced coverage index for
mathematics in that country, and the y-coordinate is the average scale
score in mathematics. In general, the more to the right and the higher
a country’s point is on the graph, the better. And, correspondingly, the
lower and the more to the left the point is, the more cause for concern
there could be.

The results in Exhibit 2.2 reveal that none of the TIMSS Advanced
participants were in the upper right hand corner, which would result
from educating substantial proportions of students to high levels of
achievement in advanced mathematics. Slovenia, with 41 percent of
its population of final-year students assessed for TIMSS Advanced
mathematics, is by far the farthest right followed by Italy with 20
percent. However, both had average mathematics achievement
somewhat below the TIMSS scale average and in the middle of the
participating countries. The three top performing countries—the
Russian Federation, the Netherlands, and Lebanon—all included
far smaller percentages of students than did Slovenia and Italy.
However, looking at the three top-performing countries, each with
somewhat successively lower achievement, it also can be seen that
each also included a somewhat larger percentage of students in its
TIMSS Advanced 2008 mathematics target population. Thus, taking
the TIMSS Advanced 2008 Coverage Index into account, the results for
the three countries could be considered even more similar than they
appear to be looking only at average achievement.

-

2 i’::‘wa\
|—*L$*) International Study Center
2z

’

71

TIMSS & PIRLS

Lynch School of Education, Boston College



72

CHAPTER 2: INTERNATIONAL STUDENT ACHIEVEMENT IN ADVANCED MATHEMATICS

Achievement on TIMSS Advanced 2008 Compared with Relative
Achievement on TIMSS 2007

When the IEA began studying education internationally in the 1950s
and 1960s, the populations compared often were to some degree
comprised of elite students, especially at the secondary school level.
That is, substantial proportions of students had dropped out of school
and only the better students were continuing their schooling. Beyond
that, most systems employed some type of tracking or streaming
so that the better students received the more advanced education.
However, as the years have gone by, more and more students in more
and more countries are enrolled in basic education and also completing
secondary education. Thus, recent international assessments conducted
by TIMSS at the fourth and eighth grades® provide results that pertain
to the success countries are having in educating their entire school-
aged populations. In contrast, TIMSS Advanced assesses the success
countries have in educating a smaller proportion of select students
to high levels of achievement on complicated content. Because all
the TIMSS Advanced 2008 countries except the Philippines also
participated in TIMSS 20077 and the Philippine data are available
from TIMSS 2003, it is interesting to make some comparisons
among countries’ relative standings in mathematics achievement
internationally at the fourth and eighth grades compared to that for
the advanced students in the final year of schooling (also keeping in
mind the differences among the educational systems).

Exhibit 2.3 presents the average mathematics achievement in
TIMSS 2007 and TIMSS Advanced for the TIMSS Advanced 2008
countries that participated in the mathematics assessment. For each
assessment, countries are shown from highest to lowest average
achievement, with symbols indicating statistically significant
differences above or below the scale average.

6 Mullis, 1.V.S., Martin, M.O., & Foy, P. (2008). TIMSS 2007 international mathematics report: Findings from IEA’s Trends in International
Mathematics and Science Study at the fourth and eighth grades. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston
College.

7  All participated at the fourth grade except Lebanon and all at the eighth grade except the Netherlands. However, the Netherlands
did in TIMSS 2003 at the eighth grade.
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Exhibit 2.3  Average Mathematics Achievement at Fourth and Eighth Grades*

TIMSSAdvancedp{ili}]

and in the Final Year of Secondary School for the TIMSS Advanced 2008 Countries [T

SIS igg:tlr\‘/lgtrgzzatics - SIS IZE?;P?tI,:A Ztrl;;?atics - TIMSS Advanced 2008 - Mathematics
Russian Federation 544(49) © ** Netherlands 536038 © Russian Federation 561(7.2) ©
Netherlands 535(21) © Russian Federation 512(41) © Netherlands 552(26) ©
Italy 507(3.1) © Slovenia 501 (2.1) Lebanon 545(23) ©
Slovenia 502 (1.8) Armenia 499 (3.5) Iran, Islamic Rep. of 497 (6.4)

500 Sweden 49123) @ Slovenia 45742) @
Armenia 500 (4.3) Italy 430(3.0) @ Italy 49(72) @
Norway 473 (25) @ Norway 469 (2.0) @ Norway 439(49) @
Iran, Islamic Rep. of 402 (41) @ Lebanon 449 (40) @ Armenia 433(36) @

** Philippines 358(79) @ Iran, Islamic Rep. of 403(41) @ Sweden 412(55 @
Lebanon 00 ** Philippines 3718(52) @ Philippines 355055 @

© Country average significantly higher than TIMSS scale average

@ Country average significantly lower than TIMSS scale average

* TIMSS 2007 data taken from Mullis, .V.S., Martin, M.O., & Foy, P. (2008). TIMSS 2007
international mathematics report: Findings from IEA's Trends in International Mathematics
and Science Study at the fourth and eighth grades. Chestnut Hill, MA: TIMSS & PIRLS
International Study Center, Boston College.

** TIMSS 2003 data for the Netherlands at eighth grade and the Philippines at fourth
and eighth grade taken from Mullis, 1.V.S., Martin, M.O., Gonzalez, E.J., & Chrostowski,

S.J. (2004). TIMSS 2003 international mathematics report: Findings from IEA’s Trends in
International Mathematics and Science Study at the fourth and eighth grades. Chestnut
Hill, MA: TIMSS & PIRLS International Study Center, Boston College

() Standard errors appear in parentheses.

A diamond (9) indicates the corresponding data are not available.
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The Russian Federation performed above the scale average in all
three assessments—fourth grade, eighth grade, and the final year of
secondary school. It appears to be doing a good job of educating all
of its students through lower secondary school as well as making it
possible for a small percentage of elite students (1.4%) to reach a high
level of excellence in mathematics by their final year of secondary
school. Although the Russian Federation had the smallest coverage
index, its students had 10 or 11 years of school (compared to 12 or 13) and
were among the youngest (17 years old). It is especially noteworthy that
all Russian students study mathematics and physics every year in lower
secondary and upper secondary education, and the students assessed
by TIMSS Advanced 2008 were having 6 hours or more of mathematics
instruction per week. Similarly, the Netherlands demonstrated high
achievement in TIMSS 2007 at the fourth grade, in TIMSS 2003 at the
eighth grade, and for their mathematics specialists (3.5% of the age
cohort) in TIMSS Advanced 2008. Its mathematics specialists were in
a pre-university track and had studied 6 years of mathematics, the last
three of which were part of an advanced program.

Norway also had a consistent relative standing across the three
assessments, although performance was below the scale average
in all three, including for their advanced students (10.9% of the age
cohort). Since Norway has the highest HDI, these relatively low
results cannot be explained by lack of resources. At the fourth and
eighth grades, the TIMSS 2007 Norwegian results may partially be
explained by the fact that those students started school at a younger
age than in some countries and had a correspondingly less demanding
curriculum in their early years of schooling. However, the Norwegian
students in TIMSS Advanced are among the oldest in the assessment
and according to their teachers have covered the TIMSS Advanced
assessment topics to a large extent. The Philippines also had below
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average results for the three populations of students, but its HDI value
is among the lowest. Also, the Philippine students participating in
TIMSS Advanced 2008 were among those with the fewest years of
schooling, were the youngest, and according to their teachers had not
been taught a considerable amount of the curriculum assessed.

Several countries had relatively lower achievement on
TIMSS Advanced 2008 than on TIMSS 2007. Slovenia and Armenia
performed at about the TIMSS scale average at the fourth and eighth
grades, but below the scale average for TIMSS Advanced. Slovenia is
a high HDI country and its students were in the 12th grade, averaging
nearly 19 years old. However, it should be kept in mind that more than
two fifths (41%) of the final-year students in Slovenia are being educated
in advanced mathematics. Armenia’s relative achievement for the
students attending the special “physmat” schools (4.3%) in the final year
of secondary school was relatively low, but Armenia is a middle HDI
country and its TIMSS Advanced students were among those with the
fewest years of schooling and less curriculum coverage, especially in
calculus. Italy and Sweden performed close to the TIMSS scale average
at the fourth grade, but below the TIMSS scale average at the eighth
grade and also below the scale average on TIMSS Advanced 2008. Both
of these countries have high HDI values and among the oldest students,
but also relatively higher coverage indices with Sweden’s advanced
mathematics students comprising 13 percent of the age cohort and,
in particular, Italy’s advanced mathematics students comprising 20
percent of the age cohort.

Two countries, Lebanon and Iran, had relatively higher
achievement on TIMSS Advanced 2008 than on TIMSS 2007. For both
countries, the TIMSS Advanced 2008 students were in the 12th grade
and just about 18 years old on average. Lebanon was one of the top-
performing countries on TIMSS Advanced 2008, but this is in contrast
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to its TIMSS 2007 performance, which was below the TIMSS scale
average at the eighth grade. Similarly, Iran performed at about the
TIMSS Advanced 2008 scale average, in contrast to its performance in
TIMSS 2007 of approximately 100 scale points below the TIMSS scale
average at both the fourth and eighth grades. These two countries are
facing a number of challenges that have likely impacted their TIMSS
results, including socioeconomic difficulties (medium category HDIs).
Nevertheless, as evidenced by their TIMSS Advanced 2008 results,
these countries have educated select groups of students (about 6%) to
relatively high levels of achievement in mathematics internationally.

Gender Differences in Advanced Mathematics Achievement in the
Participating Countries

Exhibit 2.4 shows the percentages of girls and boys enrolled in
advanced mathematics in each of the participating countries and their
differences in mathematics achievement on TIMSS Advanced 2008. It
presents average achievement separately for females and males for the
TIMSS Advanced 2008 countries, as well as the absolute difference
between the two averages. The difference between the average
achievement of females and males is shown in the graph by a bar
indicating the amount of the difference, whether the direction of the
difference was positive for females or males, and whether the difference
is statistically significant (indicated by a darkened bar). Countries
are shown in increasing order of the absolute difference in average
achievement between females and males.

Armenia was the only country with equivalent percentages of
female students (52%) and male students (48%) taking advanced
courses in mathematics, although the Russian Federation and Iran had
nearly equivalent percentages (about 45% female and 55% male). The
greatest imbalance was in the Netherlands, where 77% of the students
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Exhibit2.4  TIMSS Advanced 2008 Average Achievement in Advanced Mathematics by Gender TIMSSAdvancedelli)

Country

t Netherlands

Italy

Norway

Armenia

Lebanon

Sweden

Russian Federation

Slovenia

Iran, Islamic Rep. of

Philippines

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).

23(1.2)
34 (2.5)
38(1.7)
52 (2.0)
29 (1.6)
40 (2.1)
45(1.8)
60 (1.8)
44 (1.6)
63 (1.2)

Percent of Students

Absolute Females Males
Difference Scored Higher Scored Higher

77(1.2)
66 (2.5)
62 (1.7)
48 (2.0)
71(1.6)

549 (4.2)
454 (9.3)
434 (5.4)
428 (4.8)
554 (3.2)
404 (6.9)
551(7.7)
448 (5.3)
480 (6.7)
337 (5.7)

553(3.0)
446 (8.3)
442 (5.6)
438 (6.1)
541 (2.7)
418 (6.1)
569 (7.4)
472 (4.3)
510 (10.1)
386 (7.6)

Average Achievement

8(10.4)
8(52)
10(8.2)
133.7) .
14 (6.4)
19(5.1)
24 (5.2)
31(12.1)
49 (7.5)

Advanced Mathematics

SOURCE: IEATIMSS Advanced 2008 ©

100 80 60 40 20 O 20 40 60 80 100

[l Difference statistically significant

Difference not statistically significant

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.
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were male. Also, in Italy, Norway, Lebanon, and Sweden, from 60 to
66 percent of the students were male. In Slovenia and the Philippines,
there was approximately a 60/40 split with the larger percentage of
students being female.

In four countries, there was essentially no difference in average
achievement in advanced mathematics between female students and
male students. The four countries with equity in performance include
the Netherlands, Italy, Norway, and Armenia. It can be noted that
the Netherlands, the country with greatest imbalance in enrollment
by gender, and Armenia, the country with least imbalance, are
both included among the countries with no differences in average
achievement by gender.

There were significant differences in achievement by gender in
six of the participating countries, with the difference favoring males
in five of them. Although females in Lebanon had significantly higher
average scale scores than their male counterparts, male students had
significantly higher average achievement in advanced mathematics in 5
of the 10 participating countries. In particular, the advantage for male
students was rather large in the Philippines and Iran—almost 50 scale
score points in the former, and about 30 in the latter.

Changes in Advanced Mathematics Achievement Between
1995 and 2008

Exhibit 2.5 displays changes in average advanced mathematics
achievement for the four countries that participated in both the 1995
and 2008 cycles of this study, and these data are shown together
with changes in the TIMSS Advanced coverage index. Coverage was
comparable for Italy and the Russian Federation in both assessments,
but there were changes for the other two trend countries. Coverage was
considerably less in 2008 for Slovenia than it was in 1995, decreasing
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Exhibit 2.5

Trends in Average Achievement in Advanced Mathematics

TIMSSAdvanced¥{i1:)

Advanced Mathematics

SOURCE: IEATIMSS Advanced 2008 ©

AJ'MSS . TIMSS TIMSS | jee o
NEREES Advanced | Advanced Bet Difference in Average Achievement
Mathematics 2008 1995 etween q q
Countries Coverage . 11995 and in Advanced Mathematics
9 Mathematics | Mathematics
Index 2008
Average Average
Scale Score | Scale Score* SECiSS
Russian Federation 1.4% 2.0% 561 (7.2) 549 (7.7) 12 (10.6)
* Slovenia 40.5%  75.4% 457 (4.2) 478 (9.3) =20 (10.2) ||
Italy 19.7%  20.2% 449 (7.2) 483 (10.8) -34(129) I
Sweden 128%  16.2% 412 (5.5) 502 (5.6) -89 (7.9) ]
[ I I I I I I |
100 80 60 40 20 20 40 60 80 100
1l Difference statistically significant
Difference not statistically significant
*  To measure trends, the 1995 data were rescaled together with the 2008 data. Because ¥ In 1995, did not satisfy guidelines for sample participation rates (see Appendix A).
procedures differed from those used in 1995, the achievement results for the 1995 () Standard errors appear in parentheses.

assessment in this report cannot be compared directly with previously published 1995

achievement results.

Exhibit 2.6

Country 2008 Average | 1995t02008 | 2008 Average | 1995 to 2008
Scale Score Difference Scale Score Difference

Italy 454 (9.3)
Russian Federation 551(7.7)
* Slovenia 448 (5.3)
Sweden 404 (6.9)

Trends in Average Achievement in Advanced Mathematics by Gender

SOURCE: IEATIMSS Advanced 2008 ©

-23(15.7) 446 (8.3) -41(152) @
2514 © 569 (7.4) 0(11.3)

-21(12.5) 472 (4.3) -14(11.9)

-88 (8.5) ® 418 (6.1) -88 (9.6) ®

© 2008 average significantly higher than 1995
@ 2008 average significantly lower than 1995

¥ In 1995, did not satisfy guidelines for sample participation rates (see Appendix A).

() Standard errors appear in parentheses.
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from about 75 to 41 percent, and coverage for Sweden also was reduced
to some extent, from approximately 16 to 13 percent.

The participants are shown in the exhibit according to the
difference between their average achievement in 1995 and 2008. In
three of the four countries—Slovenia, Italy, and Sweden—average
achievement in advanced mathematics declined significantly between
the two assessments. Sweden showed the greatest average decline—
almost 9o points. In the Russian Federation, average achievement
in 2008 showed some signs of improvement but was not statistically
different from that in 1995. The reasons underlying changes such as
these in achievement over a substantial amount of time are difficult to
pinpoint. For example, many cultural and educational factors could be
involved, including changes in how the country organizes schooling,
modifications in the advanced mathematics curriculum, and possibly
changes in the characteristics and attitudes of the student population
deciding to study advanced mathematics. Examining various
hypotheses for the changes will take careful investigation and study.

Exhibit 2.6 shows changes in average achievement separately for
females and males. Statistically significant decreases in achievement
were found for male students in Italy and both groups in Sweden.
It appears that the overall declines in achievement in advanced
mathematics in Italy may be more related to greater declines by
male students (41 points), on average, than by female students (23
points). In Sweden, both genders had equivalent decreases in average
achievement (88 scale points). In Slovenia, the decrease in overall
average achievement in 2008 compared to 1995 was related to non-
statistically significant changes in a negative direction for both males
and females.

Females in the Russian Federation had the only significant increase
in average achievement between 1995 and 2008 (25 scale points). The
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improvement by female students in the Russian Federation appears to
underlie the indication of improvement overall, since males showed
absolutely no difference in achievement between assessments.

Achievement Differences Across the TIMSS Advanced 2008
Mathematics Content and Cognitive Domains

As described in the TIMSS Advanced 2008 Assessment Frameworks,?
the advanced mathematics assessment was organized around two
dimensions, a content dimension specifying the subject matter or
content domains to be assessed in mathematics and a cognitive
dimension specifying the thinking processes that students were
deemed likely to use as they engaged with the content. Each item in the
mathematics assessment was associated with one content domain and
one cognitive domain, providing for both content-based and cognitive-
oriented perspectives on student achievement in mathematics.

This section presents average student performance in the three
content domains of the advanced mathematics framework: algebra,
calculus, and geometry. Average performance also is presented for
each of three cognitive domains: knowing, applying, and reasoning.
Knowing refers to the student’s knowledge base of mathematical
facts, concepts, tools, and procedures. Applying focuses on the
student’s ability to apply knowledge and conceptual understanding
in a problem situation. Reasoning goes beyond the solution of routine
problems to encompass unfamiliar situations, complex contexts, and
multi-step problems.

Students’ performance across the three content domains and the
three cognitive domains is summarized in Exhibit 2.7. The table shows
the average percent correct for all of the advanced mathematics items
for each country as well as within the six domains. Standard errors are
shown in parentheses. This analysis by content and cognitive domains

8 Garden, R.A, Lie, S., Robitaille, D.F., Angell, C., Martin, M.O., Mullis, LV.S., Foy, P., & Arora, A. (2006). TIMSS Advanced 2008 Assessment
Frameworks. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College.
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uses average percent correct rather than average scale scores because
there were insufficient items in all of the different domains to develop
reliable scales. The countries are listed in alphabetical order.

In Armenia, students did relatively better in the algebra content
domain than they did overall and relatively less well in calculus.
The result in calculus is consistent with the reports that Armenia
covered fewer of the TIMSS Advanced calculus topics than the other
participating countries. In the cognitive domains, Armenian students
did relatively better in the knowing domain than they did overall and
less well in the applying domain. Iranian students and Italian students
had similar achievement patterns across domains, demonstrating
consistency with their overall average achievement in the content
domains, but relatively higher average achievement on the knowing
items and lower average achievement on the applying items. Dutch
students also had consistent performance across the content domains,
but had relatively higher average achievement in the reasoning domains
and relatively lower average achievement in knowing and applying.
Students in Lebanon performed relatively better in geometry and less
well in algebra, and better in knowing and less well in applying and
reasoning. Compared to their overall average achievement, students in
Norway, the Philippines, and Slovenia demonstrated relative weakness
in the calculus domain and relative strength in the geometry domain.
For the Philippines and to a lesser extent Slovenia, this is consistent
with teacher reports that they did not feel well prepared to teach some
calculus topics and some calculus topics were not taught to sizeable
percentages of students. Norway had consistent performance across
the cognitive domains, whereas the Philippines had relative strength in
knowing and relative weakness in applying. Slovenia’s relative strength
was in knowing and relative weakness in applying. Students in the
Russian Federation did comparatively better in the content domain
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Exhibit 2.7  Average Percent Correct in the Advanced Mathematics Content and TIMSSAdvance 2oos
cognitive Domains Advanced Mathematics

Advanced Mathematics Content Advanced Mathematics Cognitive

Advanced

Country Mathematics DOmains SOmains
(71 Items) Algebra Calculus Geometry Knowing Applying Reasoning
Armenia 32(0.7) 37(08) © 27 (0.6 33(0.8) 3907 © 27(08) @ 31(0.8)
Iran, Islamic Rep. of 43 (1.4) 45 (1.5) 41(1.4) 44 (1.4) 52(13) © 36(14) @ 42 (1.7)
Italy 35(1.) 33(1.2) 36 (1.3) 36 (1.1) 40011 O 3112) @ 33(13)
Lebanon 53(0.5) 51(06) @ 53 (0.6) 55(05) © 65(0.5) © 43(06) @ 51(06) @
 Netherlands 54(0.5) 55(0.5) 53 (0.6) 53(0.6) 5105 @ 51(06) @ 63(0.6) ©
Norway 33(0.7) 33(0.8) 3007) @ 37(0.7) © 34(0.7) 33(0.7) 32(0.8)
Philippines 24(0.6) 24(0.9) 1905 @ 31(06) © 28(07) © 2107) @ 24 (0.6)
Russian Federation 57 (1.6) 62(1.6) © 53 (1.6) 56 (1.6) 59 (1.4) 56 (1.7) 56 (1.7)
Slovenia 36 (0.7) 38(0.7) 32(08) @ 38(09 © 41(08) © 34(0.8) 33(07) @
Sweden 31(0.7) 32(0.9) 28(08) @ 32 (0.6) 32(0.8) 28(07) @ 34(08) ©
Q Significantly higher than overall Advanced Mathematics percent correct
@ Significantly lower than overall Advanced Mathematics percent correct
T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because percents are rounded to the nearest

included (see Appendix A). whole numbers, some results may appear inconsistent.

mias. TIMSS & PIRLS
gy, International Study Center
¢ Lynch School of Education, Boston College

SOURCE: [EATIMSS Advanced 2008 ©
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of algebra than they did overall and otherwise their performance was
consistent across both content and cognitive domains. Swedish students
performed relatively less well in calculus but showed achievement in
the other content domains consistent with their overall performance,
which might be surprising considering that some of the geometry topics
were not included in the curriculum. Across the cognitive domains,
they showed relative weakness in applying and strength in reasoning.

Exhibit 2.8 presents the content and cognitive domain results
by gender. The upper portion of the exhibit summarizes the results
in the three content domains by gender; and the lower portion does
the same for the three cognitive domains. Results for Italy show
no significant differences in average achievement between females
and males in any of the six content and cognitive domains. Also,
Armenia, the Netherlands, and Norway had almost no differences
in average achievement by gender; except males had higher average
achievement than females in calculus and in applying in Armenia,
higher average achievement in knowing in the Netherlands, and in
reasoning in Norway.

As would be expected given the general advantage for males
across the TIMSS Advanced assessment (see Exhibit 2.4), when there
was a difference in achievement between genders, the male students
typically had higher average achievement. In the Russian Federation,
males had higher average achievement than females in geometry and
in reasoning. In Sweden, males had higher average achievement than
females in algebra and in reasoning.

Several countries had gender differences in most of the content
areas. In the Philippines and in Slovenia, males had significantly higher
average scores than females in all six areas—the three content domains
and the three cognitive domains. In Iran, males had significantly
higher average achievement than females in all except the knowing
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Exhibit 2.8  Average Percent Correct in the Advanced Mathematics Content and TiMsSAdvancedf T
Cognitive Domains by Gender Advanced Mathematics

Average Percent Correct for Advanced Mathematics Content Domains

Armenia 36 (0.9) 39 (1.4) 25(0.8) 3109 © 33(1.0) 34(1.5)
Iran, Islamic Rep. of 40 (1.7) 4923 O 37 (1.6) 4021 O© 39 (1.6) 4722 O
Italy 32(1.6) 34 (1.4) 37(1.9) 35(1.4) 35(1.8) 36 (1.2)
Lebanon 5011 © 50 (0.7) 56(1.00 © 53 (0.6) 56(08) © 54(0.7)
Netherlands 54 (1.0) 55(0.6) 52(1.2) 53(0.7) 52(13) 54 (0.6)
Norway 32(0.9) 34(0.9) 29 (0.7) 30 (0.9) 37 (0.8) 37 (0.8)
Philippines 22 (0.7) 29(15) © 17 (0.5) 209 © 29 (0.6) 3409 ©
Russian Federation 60 (1.7) 64 (1.6) 51(2.0) 54(1.5) 54 (1.7) 5906 O
Slovenia 36 (0.8) a1 o0 31(0.9) 34100 © 36 (1.0) 42(1.0)
Sweden 30 (0.9) 34(12) © 27(1.2) 28 (0.9) 31(0.8) 33(0.8)

Average Percent Correct for Advanced Mathematics Cognitive Domains

Armenia 38(0.9) 40 (1.4) 26 (0.9) 32(15) © 31(1.1) 32(1.1)
Iran, Islamic Rep. of 50 (1.6) 53 (2.0) 31(1.5) 022 O 35(1.8) 47(26) O
Italy 40 (1.7) 40 (1.3) 31(1.7) 31(13) 32(22) 34(1.4)
Lebanon 68(0.8) © 64 (0.5) 46(1.00 © 42 (0.8) 50 (1.2) 51(0.7)

t Netherlands 49 (1.0) 51060 © 50 (1.2) 51(0.6) 62 (1.1) 63 (0.6)
Norway 35(0.8) 34(0.8) 33(0.7) 33(0.9) 29 (1.0) 3409 ©
Philippines 26 (0.6) 31100 © 19 (0.5) 24(1) o 22(0.5) 28014 ©
Russian Federation 58 (1.7) 60 (1.4) 54 (1.8) 57 (1.8) 52 (1.8) 60(1.6) ©
Slovenia 39(0.9) 2010 © 32 (1.0) 36(1.00 © 29 (0.8) 38(11) ©
Sweden 30 (1.0) 33(0.9) 27 (0.8) 28 (0.9) 31(1.1) 36(1.1) O

O Significantly higher than other gender
t Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses.

included (see Appendix A).
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cognitive domain. In contrast, in Lebanon, females had higher average
achievement than males in all except the reasoning domain.

Looking across countries, males had higher average achievement
in each of the content domains in four countries compared to one
country for females—Lebanon in each case. However, the countries
where males had higher average achievement than females varied
from content domain to content domain. Similarly, males had higher
achievement than females in the knowing domain in three countries
and in the applying domain in four countries compared to females
having higher achievement in only one country—again, Lebanon
in both cases. From the perspective of achieving gender equity in
advanced mathematics achievement, perhaps of greatest concern is
the finding that male students had higher average achievement than
female students in the reasoning domain in 6 out of the 10 countries
and females did not have higher average achievement than males in
reasoning in any of the countries.

TIMSS & PIRLS
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Chapter 3

Mathematics Performance
at the TIMSS Advanced 2008
International Benchmarks

As was described more fully in the Introduction, the TIMSS advanced
mathematics achievement scale summarizes students” performance
on test items designed to measure breadth of content in algebra,
geometry, and calculus, as well as a range of cognitive processes
within the knowing, applying, and reasoning domains. To interpret the
achievement results in meaningful ways, it is important to understand
the relationship between scores on the scale and students’ success on the
content of the assessment. As a way of interpreting the scaled results,
three points on the scale were identified as international benchmarks
and descriptions of student achievement at those benchmarks in
relation to students’ performance on the test items were developed.
The TIMSS Advanced benchmarks represent the range of performance
shown by students internationally. The Advanced International
Benchmark is 625, the High International Benchmark is 550, and the
Intermediate International Benchmark is 475. In TIMSS at the fourth
and eighth grade levels, four benchmarks were used: viz., advanced,
high, intermediate, and low. The low international benchmark was
not included in the TIMSS Advanced benchmarking analysis since,
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in all the participating countries, this is a highly select population
of students.

The TIMSS & PIRLS International Study Center worked with a
committee of experts' from several countries to conduct a detailed
scale anchoring analysis to describe mathematics achievement
at these benchmarks. Scale anchoring is a way of describing
TIMSS Advanced 2008 performance at different points on the
advanced mathematics scale in terms of the types of items students
answered correctly. In addition to a data analysis component to identify
items that discriminated between successive points on the scale,? the
analysis also involved a judgmental component in which committee
members examined the mathematics content and cognitive processing
dimensions assessed by each item and generalized to describe students’
knowledge and understandings.

This chapter presents the TIMSS Advanced 2008 mathematics
achievement results at the international benchmarks for the
participating countries. Then, benchmark by benchmark, there is a
detailed description of the understanding of mathematics content
and types of cognitive processing skills and strategies demonstrated
by students at each of the international benchmarks, together with
illustrative items. For each example item, the percent correct for each of
the TIMSS Advanced 2008 participants is shown. For multiple-choice
items, the correct answer is identified by a bullet, o, and the percent of
students in each country who chose each response choice is also given.
For constructed-response items, a copy of the scoring guide showing
the percent of students choosing each correct or incorrect approach is
provided, along with a student response that was given full credit. The
items published in this report were selected from the items released
for public use.+ Every effort was made to include examples which not

1 Inaddition to Robert A. Garden, the TIMSS Advanced Mathematics Coordinator, and Svein Lie, the TIMSS Physics Coordinator,
committee members included Carl Angell, Wolfgang Dietrich, Liv Sissel Gronmo, Torgeir Onstad, and David F. Robitaille.

2 Forexample, in brief, a multiple-choice item anchored at the Advanced International Benchmark if at least 65 percent of students
scoring at 625 answered the item correctly and fewer than 50 percent of students scoring at the High International Benchmark
(550) answered correctly, and so on, for each successively lower benchmark. Since constructed-response questions nearly
eliminate guessing, the criterion for the constructed-response items was simply 50 percent at the particular benchmark. For more
information, see the TIMSS Advanced 2008 Technical Report.

3 All of the constructed-response items were scored according to detailed scoring guides containing descriptions and examples
of the types of responses that should receive credit. Although most constructed-response items were worth 1 point, some
were worth 2 points (with 1 point awarded for partial credit). If the example item was worth 2 points, the data are for responses
receiving 2 points (full credit).

4 After each TIMSS assessment, a certain proportion of the items are released into the public domain and the rest of the items are
kept secure for use in measuring trends over time in subsequent assessments. In the case of TIMSS Advanced, more than one-half
of the items are being released.

TIMSS & PIRLS
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only illustrated the particular benchmark under discussion, but also
represented different item formats and content area domains.

How Do Countries Compare on the TIMSS Advanced 2008
International Benchmarks of Mathematics Achievement?

Exhibit 3.1 summarizes what students of advanced mathematics in
the participating countries who score at the TIMSS international
benchmarks typically know and can do in mathematics. The data show
that that there were substantial differences in students’ performance
across the three benchmarks. Students at the Advanced International
Benchmark demonstrated their understanding of concepts, mastery of
procedures, and mathematical reasoning skills in algebra, trigonometry,
geometry, and differential and integral calculus to solve problems in
complex contexts. Students at the High International Benchmark used
their knowledge of mathematical concepts and procedures in algebra,
calculus, and geometry and trigonometry to analyze and solve multi-
step problems set in routine and non-routine contexts. Those at the
Intermediate International Benchmark demonstrated knowledge of
concepts and procedures in algebra, calculus, and geometry.

Exhibit 3.2 displays the percent of advanced mathematics
students in each country that reached each of the three international
benchmarks. The percents displayed in each row corresponding to the
three international benchmarks are cumulative. Every student who
scored at the Advanced Benchmark is also included in the High and
Intermediate Benchmark categories.

For each country, the exhibit shows the percent of advanced
mathematics students who reached each international benchmark
as well as the TIMSS Advanced Mathematics Coverage Index for
that country (see Exhibit 1.2). In the table, the countries are listed in
descending order of the percent of their students who reached the
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Exhibit 3.1

TIMSS Advanced 2008 International Benchmarks of Mathematics Achievement

TIMSSAdvancedp{['}:}
Advanced Mathematics

. Advanced International Benchmark - 625

Summary

Students demonstrate their understanding of concepts, mastery of procedures, and mathematical reasoning
skills in algebra, trigonometry, geometry, and differential and integral calculus to solve problems in complex

contexts.

In algebra, students can solve word problems
involving permutations and geometric sequences,
and solve logarithmic equations. They demonstrate
some facility with complex numbers and can

find sums of infinite geometric series. In calculus,
students demonstrate understanding of the concept
of integration. They can integrate exponential
functions, recognize the relationship between a
definite integral and the area under a curve, and
solve problems about areas between curves. They
can identify from the graph of a function points
where it is not differentiable. They can determine
maxima, minima, and points of inflection of a
function by analyzing the graph of its derivative or

by finding the first and second derivatives. They can
solve problems in kinematics, and find the maximum
value of a quantity under given conditions. Students
use geometric reasoning to solve problems. They
can use trigonometric ratios to solve a non-routine
practical problem, and demonstrate knowledge

of the concepts of period and amplitude of
trigonometric functions. They use vector sums and
differences to express a relationship among three
vectors. In the Cartesian plane, they can determine
whether lines are parallel, show that the diagonals of
a given quadrilateral bisect each other, and find the
locus of points satisfying a given condition.

High International Benchmark - 550

Summary

Students can use their knowledge of mathematical concepts and procedures in algebra, calculus, and
geometry and trigonometry to analyze and solve multi-step problems set in routine and non-routine contexts.

Students can solve algebra problems that require
analysis, including problems set in a practical context
and problems requiring interpretation of information
related to functions and their graphs. They can
determine a term in a geometric sequence, compare
two simple mathematical models, solve quadratic
inequalities, and analyze a proposed solution of a
simple logarithmic equation. In calculus, students
can analyze properties of functions and their

graphs on the basis of the sign of the first and
second derivatives. They can find the derivative of

a function involving radicals. They can find definite
and indefinite integrals of simple rational functions.
In geometry, students can use basic properties of
trigonometric functions to identify solutions of
simple trigonometric equations and solve word
problems involving angle of elevation. They can
identify the equation of a line or a circle in the
Cartesian plane, and use slopes of lines to solve
problems. They can use properties of vectors to
analyze equivalence of conditions involving the sum
and difference of two vectors.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: I[EA TIMSS Advanced 2008 ©
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Exhibit 3.1  TIMSS Advanced 2008 International Benchmarks of Mathematics Achievement TS A vane 2oos
Advanced Mathematics

(Continued)

Intermediate International Benchmark - 475

Summary

Students demonstrate knowledge of concepts and procedures in algebra, calculus, and geometry to solve

routine problems.

Students can perform basic operations of algebra,
including solving equations and inequalities, and
simplifying polynomial and rational expressions.
They can determine the sign of a rational function

and find the function of a function in simple cases.

In calculus, students show an understanding of
the concepts of continuity and limit of a rational
function. They can find the derivative of simple

rational, exponential, and trigonometric functions.

They can make connections between the graph of a
function and the derivative of the function. Students
use knowledge of basic properties of geometric
figures and of the Cartesian plane to solve problems.
They can add and subtract vectors in coordinate
form. They can draw the image of a polygon under

a reflection, and identify the shape traced by a line
rotating in space.

TIMSS & PIRLS
p, International Study Center
Lynch School of Education, Boston College
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Exhibit 3.2

Percent of Students Reaching the TIMSS Advanced 2008
International Benchmarks of Mathematics Achievement

TIMSSAdvancedp{1[i}:]
Advanced Mathematics

Percent of Students
Reaching the International Benchmarks

Country

(625)

Advanced
Benchmark

High

Benchmark

(550)

Intermediate
Benchmark
(475)

TIMSS Advanced

Mathematics
Coverage Index

SOURCE: IEATIMSS Advanced 2008 ©

Russian Federation 24(29) 55(3.2) 83(2.2) 1.4%
Iran, Islamic Rep. of 11(1.8) 29 (3.0) 56 (2.8) 6.5%
Lebanon 9(1.2) 47 (1.9) 88 (1.3) 5.9%
t Netherlands 6(0.8) 52(2.8) 95 (1.1) 3.5%
Italy 3(1.0) 14 (2.0) 41 (3.0) 19.7%
Slovenia 3(0.5) 14 (1.4) 41 (2.4) 40.5%
Armenia 2(0.8) 13 (1.6) 33(2.0 4.3%
Norway 1(0.4) 9(1.0) 35(2.2) 10.9%
Sweden 1(0.4) 9(1.2) 29 (1.9) 12.8%
Philippines 1(0.3) 4(0.7) 13 (1.5) 0.7%

T Met guidelines for sample participation rates only after replacement schools were 0
included (see Appendix A).

Standard errors appear in parentheses.

Exhibit 3.3  Trends in Percent of Students Reaching the TIMSS Advanced 2008

International Benchmarks of Mathematics Achievement

TIMSSAdvancedp{1[i}:]
Advanced Mathematics

Percent of Students
Reaching the International Benchmarks

2

TIMSS Advanced 3

Mathematics Advanced High Intermediate 3

Country Coverage Index International International International g

Benchmark (625) Benchmark (550) Benchmark (475) E

2008 1995 2008 1995 2008 1995 é

Percent Percent Percent Percent Percent Percent 3

of Students | of Students | of Students | of Students | of Students | of Students [i#
Russian Federation 1.4% 2.0% 24(29) 22(3.) 55(3.2) 51(3.5) 83(2.2) 78 (2.7)
Italy 19.7% 20.2% 3(1.0) 5022 14 (2.0) 22 (5.0) 41(3.0) @ 59 (4.9)
Slovenia 40.5% 75.4% 3(0.5) 5(13) 14014 @ 23 (3.5) 4124 @ 54 (4.5)
Sweden 12.8% 16.2% 104 @ 6 (1.4) 9(12) @ 30 (3.3) 29019 @ 64 (3.1)

© 2008 percent significantly higher than 1995
@ 2008 percent significantly lower than 1995

() Standard errors appear in parentheses.

TIMSS & PIRLS
International Study Center
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Advanced Benchmark. As might be expected, given that it had the
highest mathematics achievement average, the Russian Federation
had the greatest percentage of students (24%) reaching the Advanced
International Benchmark. Next came Iran with 11 percent, then Lebanon
with 9 percent, and the Netherlands with 6 percent. It is noteworthy
that relatively more students reached the Advanced Benchmark in
Iran and the Lebanon than in the Netherlands, even though average
achievement was higher in the Netherlands. This is a reflection of the
relatively narrow range of achievement in the Netherlands, evident in
Exhibit 2.1, compared to most other participating countries. A more
positive consequence of the Netherlands narrow achievement range
is that it had the highest percentage of students (95%) reaching the
Intermediate Benchmark.

The percent of students who scored at the Intermediate Benchmark
ranges from a low of 13 percent in the Philippines to a high of 95
percent in the Netherlands. Results for Slovenia and Italy indicate that
countries with a comparatively high TIMSS Advanced Mathematics
Coverage Index are still able to obtain strong performance from many
of their students. These results show that a system-wide policy of
allowing a larger proportion of students to enroll in advanced courses
in mathematics does not necessarily have a negative impact on overall
students’ performance. It can provide opportunities for further study
in mathematics-related specialty areas to more students. In all of these
kinds of comparisons, it is important to bear in mind the potential
impact of the Mathematics Coverage Index on performance levels.

On the one hand, these students—the very best mathematics
students in their respective countries—found the TIMSS advanced
mathematics test to be challenging. In six countries the percent of
students reaching the Advanced Benchmark was 3 percent or less. On
the other hand, in six countries, more than 40 percent of students
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reached at least the Intermediate Benchmark which, as shown in
Exhibit 3.1, means that those students demonstrated knowledge of the
concepts and procedures in algebra, calculus, and geometry assessed
by TIMSS Advanced 2008.

Exhibit 3.3 presents changes in the percent of students reaching
the benchmarks between 1995 and 2008 for the four countries that
participated in both studies. Countries are ranked in descending order
of the percent of students who reached the Advanced International
Benchmark. The display also shows the TIMSS Advanced Mathematics
Coverage Index for each country in the 1995 and 2008 assessments.
Over that period, the index declined in all four countries. The most
dramatic drop in the Coverage Index occurred in Slovenia: from 75
percent coverage in 1995 to 40 percent in 2008.

The results reflect the overall changes in achievement for the four
countries, with all experiencing declines since 1995 except the Russian
Federation, which evidenced little, if any, change (see Exhibit 2.4). No
country showed a significant improvement in the percent of students
reaching any of the three international benchmarks. However, there
were several significant declines. Sweden experienced declines at
all three benchmarks even though the population appears to have
become more specialized between 1995 and 2008. Also, Slovenia,
with the broadest population coverage but still greatly reduced in
scope compared to 1995, had significantly fewer students reaching
the High and Intermediate Benchmarks. Italy had declines at the
Intermediate Benchmark.
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Mathematics: Achievement at the Advanced
International Benchmark

The TIMSS Advanced 2008 Assessment Frameworks called for an
almost equal partitioning of the items to be included in the advanced
mathematics assessment among the three content domains: 35 percent
for algebra, 35 percent for calculus, and 30 percent for geometry.

According to the framework, the algebra content domain includes
much of the algebra and functions content that provides the foundation
for mathematics at the college or university level. Students should be
able to use properties of the real and complex number systems to
solve problems set in real-world contexts or in abstract, mathematical
ones. They should have facility in investigating basic characteristics of
sequences and series, and skill in manipulating and using combinations
and permutations. The ability to work with a variety of equations is
fundamental for such students, providing a means of operating with
mathematical concepts at an abstract level. The concept of function is
an important unifying idea in mathematics, and students should be
familiar with it.

Since the calculus content of national and system-level advanced
mathematics curricula varies considerably across countries, the
calculus content for TIMSS Advanced Mathematics 2008 was limited
to material likely to be included in final year mathematics in almost
all the participating countries. The focus was on understanding limits
and finding the limit of a function, differentiation and integration of a
range of functions, and using these skills in solving problems.

The TIMSS geometry items related to four strands or topics:
Euclidean geometry (traditional or transformation), analytic geometry,
trigonometry, and vectors. Euclidean geometry and analytic geometry
have been important components of the secondary mathematics
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curriculum for centuries, and are still widely viewed as important
prerequisites for the study of mathematics at the university level.
Trigonometry is part of the mathematics curriculum in all countries,
but not always as part of the geometry domain. Transformation
geometry and vectors are more recent additions to the mathematics
curriculum in many countries, and there is considerable variation both
in the amount of emphasis given to them across countries, as well as
the degree of rigor with which the area is approached. The TIMSS items
related to these two areas dealt with fairly elementary topics.

In the algebra domain, the framework specifies that students
should recognize representations of functions and be able to solve
various kinds of equations, including quadratic equations. Exhibit 3.4
presents an algebra item likely to be solved correctly by students
performing at the Advanced International Benchmark. In this example
(Example Item 1), students were asked to find the numerical coefficients
of a quadratic function having been given its graph and its x- and
y-intercepts. An example of a correct solution to this constructed-
response item is shown in the exhibit. According to the information
provided in Chapter 1 on the topics that were in the intended
curriculum and taught to the students (Exhibit 1.13), all countries
included polynomial equations and functions in their curriculum, and
taught these topics (except function of a function in the Philippines) to
their students. Nevertheless, students found this item difficult, and this
was true for all of the items that anchored at the Advanced Benchmark.
The percent of students receiving full credit ranged from a high of 64
in Lebanon to a low of 8 in Sweden. After Lebanon, the next highest
result was 39 percent correct in the Russian Federation.

The scoring guide for Example Item 1 shows the five correct-
and the four incorrect-response categories used by the item scorers
as well as the non-response category. Also shown are the percents of
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students in each category in each country. Category 13 refers to the use
of a graphing calculator to find the coefficients of the equation. The
total percent correct for a given country is the sum across the various
correct-response categories.

The most frequently used correct solution method for Example 1,
in every country except Armenia, was using simultaneous linear
equations in three variables (a, b, and c) given three pairs of values
for x and f(x). The other four correct approaches were used by very
few students. Non-response rates for this item ranged from a low of 10
percent in Lebanon, the country with the highest score on the item, to
55 percent in Sweden, 63 percent in Norway, and 70 percent in Armenia.
The category 72 indicates that many students in some countries were
able to find the value of the constant term, ¢, but not of a or b.

Exhibit 3.5 shows an example multiple-choice item from the
calculus domain that anchored at the Advanced Benchmark (Example
Item 2). The item was designed to test students’ understanding of the
definite integral, and the alternatives were chosen to reflect common
errors or misconceptions. Students had to realize that the definite
integral was not simply the sum of the three shaded areas, but the
“signed” or algebraic sum, where the value of area B was negative. Not
surprisingly, the incorrect response most frequently chosen in most
countries was 7.6, the sum of the absolute values of the three areas
identified on the graph.

The percent correct in every country was rather low, and there
was not as much variation in the proportion of students selecting
the correct response across countries as was the case with many
other items. The highest performance on this item was 46 percent
in the Islamic Republic of Iran and 41 percent correct in the Russian
Federation. About one-third of the students responded correctly in
the Netherlands, Lebanon, and Slovenia. Understandably, the lowest
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Exhibit3.4 TIMSS AdvanFed 2098 Advanced International Benchmark (625) TIMSSAdvanced (T
of Mathematics Achievement - Example Item 1 Advanced Mathematics
Content Domain: Algebra
Count Percent
Description: Determines the coefficients of a quadratic function given the points of intersection ountry Correct
between the graph and the axes
Lebanon 64 (2.9)
fx)
~ Russian Federation 39 (2.7)
Slovenia 32(2.5)
Iran, Islamic Rep. of 32(2.7)
Italy 22 (2.8)
* Netherlands 16 (1.8)
Armenia 16 (2.7)
+ ——> x ~J
R ) Norway | 10 (1.6)
T Philippines 9(1.7)
Sweden 8(1.8)
0,-4)
The graph of the function fis shown above. The equation of the function fis
given by f(x)=ax’ +bx +c. Find the values of a, b, and c.
Show your work. ( Oy, - ‘f}
? 7
/
“4ea(d (@ re / (20)
0=a(-1)*+5(-D+-4
a-b=y — azbrd
O=a(2)* vy (2) -4
Lf?q +BZ;:44 a: Z¥
b+y) + = =
a2
"['o - lé +Zb = (f ]:
6b = -2
b = -
The answer shown is an example of a student response that was scored as correct
T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because results are rounded to the nearest
included (see Appendix A). whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College
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Exhibit 3.4 TIMSS Advanced 2008 Advanced International Benchmark (625) TIMSSAdvanced (TP
of Mathematics Achievement - Example Item 1 (Continued) Advanced Mathematics

Scoring Guide

Code | Response | Item: MA23141

| Correct Student Responses

10 a=2,b=-2,c=-4using factorization

11 | Allvalues correct by solving three simultaneous equations

SOURCE: [EATIMSS Advanced 2008 ©

12 | All values correct using calculator to solve simultaneous equations

13 | All values correct using calculator for quadratic regression

19 | Allvalues correct by other correct method.

Incorrect Student Responses

70 | Calculator used but incorrect or explanation inadequate

71 All values correct but no correct method shown.

72 | ¢=—4 with values of a and b missing or incorrect.

79 Other incorrect

NR | No Response

Percent of Students in Each Scoring Guide Category

Country Correct Student Responses Incorrect Student Responses

Lebanon 8(1.7) 54 (2.9) 2(0.7) 0(0.2) 1(0.4) 1(0.6) 17 (2.1) 0(0.0) 7(1.6) 10 (1.7)
Russian Federation 1(0.4) 31(2.7) 0(0.0) 0(0.0) 6(1.2) 0(0.0) 2(0.8) 14 (1.8) 14(1.2) 31(27)
Slovenia 8(2.0) 24(23) 0(0.0) 0(0.0) 1(0.4) 0(0.0) 0(0.3) 28 (2.4) 2327 16 (2.1)
Iran, Islamic Rep. of 1(0.4) 29 (2.6) 0(0.0) 0(0.0) 1(0.5) 0(0.0) 1(0.5) 12 (1.6) 15 (1.9) 40 (2.9)
Italy 7(1.6) 14 (2.4) 0(0.1) 0(0.0) 0(0.0) 0(0.3) 1(0.4) 12(2.1) 7(1.1) 58 (3.5)
t Netherlands 1(0.6) 11(1.8) 0(0.0) 1(0.7) 2(0.7) 1(0.6) 2(0.7) 30 (2.2) 27 (2.6) 23(2.7)
Armenia 8(2.4) 6(2.1) 0(0.0) 0(0.0) 1(0.7) 0(0.0) 0(0.0) 5(2.0 10 (3.0) 70 (3.2)
Norway 1(0.4) 1(0.5) 0(0.1) 6 (1.5) 1(0.5) 2(0.7) 1(0.4) 9(1.5) 15 (1.4) 63 (3.1)
Philippines 2(0.5) 7(13) 0(0.1) 0(0.0) 0(0.0) 0(0.2) 0(0.1) 8(1.0) 49 (2.3) 34 (2.5)
Sweden 2(0.6) 5(1.4) 0(0.4) 0(0.3) 0(0.3) 0(0.3) 0(0.0) 18 (2.0) 19(1.8) 55 (2.5)
T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because results are rounded to the nearest
included (see Appendix A). whole number, some totals may appear inconsistent.
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Exhibit 3.5 TIMSS Advanced 2008 Advanced International Benchmark (625) TiMssAdvancedf I
of Mathematics Achievement - Example Item 2 Advanced Mathematics

Content Domain: Calculus

C t Percent
Description: Calculates the definite integral given the graph of a function and the areas LhliLing Correct
between the curve and the x-axis
Iran, Islamic Rep. of 46 (3.1)
Russian Federation 41 (3.3)
f&)
 Netherlands 36 (2.6)
Lebanon 35(2.7)
ﬂv c Slovenia 32(2.7)
2N Ital 26 (2.8)
w11 = y
I ) Sweden 26(1.7)
m P ] 4 Norway 23(19)
Ji ’ Y Philippines 3(18)
y Armenia .918 (3.2)
For the areas between the graph of f (x) and the x-axis shown above,
area A =4.8 units, area B =0.8 units, and area C =2 units.
What is the value of the definite integral J: flx)dx?
@® 56
. 6.0
© 638
@ 7.6
Percent of Students
Country B
Correct
Response
Iran, Islamic Rep. of 3(0.5) 46 (3.1) 6(1.1) 12 (1.6) 32(2.5)
-
Russian Federation 5(0.8) 41(3.3) 14 (1.4) 29 (2.2) 11(1.3)
 Netherlands 4(1.1) 36 (2.6) 13(1.5) 30 (2.8) 18 (2.3)
Lebanon 3(0.6) 35(2.7) 7(13) 36 (2.1) 19 (2.0)
Slovenia 3(0.7) 32(27) 15(1.7) 28 (3.5) 21(2.1)
Italy 5(1.2) 26 (2.8) 14 (2.0) 20 (2.3) 34(3.2)
Sweden 11(1.1) 26 (1.7) 21(1.8) 20 (1.9) 21(2.1)
Norway 4(1.1) 23 (1.9) 19 (2.4) 36 (2.3) 18 (1.6)
Philippines 12 (1.6) 23 (1.8) 24 (1.5) 35(1.8) 6(0.9)
Armenia 7(1.9) 18(3.2) 14 (2.9) 9(23) 53 (3.7)
*  No Response () Standard errors appear in parentheses. Because results are rounded to the nearest

whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).
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performance (18%) was in Armenia where this topic is not included in
the advanced curriculum. Non-response rates for this item ranged from
a low of 6 percent in the Philippines to a high of 53 percent in Armenia.

The third example of an item that anchored at the Advanced
Benchmark comes from the geometry domain and is shown in
Exhibit 3.6. Example Item 3 required students to solve a multi-step
word problem involving trigonometric ratios to identify the length
of a side of a regular polygon inscribed in a circle. All participants
included trigonometry in their intended curriculum, and teachers
reported teaching these topics to nearly all students in their advanced
mathematics classes (94-100%). The problem was posed in a situation
that was practical, yet novel for most students.

The best performance on this item was in the Russian Federation
where 40 percent of students selected the correct response. In 6 of the
10 countries, the average percent correct was at the chance level, 25
percent, or lower. One method of solving this problem would be to
drop a perpendicular bisector from the center of the circle to the base of
the triangle formed by a pair of adjacent radii and one of the windows.
The perpendicular divides the triangle into two right triangles, and the
length of the base of each of those triangles is 7 sin 9°. A second method
would involve the use of the sine law.

Non-response rates for this item were quite low in most countries,
and response C was the most common incorrect response in all
countries except the Islamic Republic of Iran. All three alternatives
attracted significant numbers of students in all countries.
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Exhibit 3.6 TIMSS Advanced 2008 Advanced International Benchmark (625) TiMsSAdvanced(IT

of Mathematics Achievement - Example Item 3 Advanced Mathematics

Content Domain: Geometry

Descript Solves a multi-step word problem involving trignometric ratios to identify the
length of a side of a regular polygon inscribed in a circle

Percent
Correct

Country

Russian Federation 40 (2.4)
t Netherlands 36 (2.7)
Iran, Islamic Rep. of 28 (2.4)
Slovenia 26 (2.0)
Lebanon 25(2.5)
Italy 22 (2.5)
The figure shows a semicircular room seen from above. An architect is placing
10 flat windows in the room as shown. If the radius of the circle is r, which of Sweden 2(17)
the following equations would allow the architect to determine the width of each .
~vindow? Philippines 21(1.4)
® w=rsind® Armenia 20 (3.1)
@ wi2rsin® Norway ?18 (1.8)
© w=rcosl8®
©® w=2rsin18°
Country B
Correct NR*
Response
Russian Federation 10 (1.3) 40 (2.4) 25(1.8) 22(1.7) 3(0.6)
t Netherlands 8(1.4) 36 (2.7) 32(24) 22(22) N 2(0.8)
Iran, Islamic Rep. of 11(1.5) 28 (2.4) 15 (1.9) 22 (2.1) 24 (1.9)
Slovenia 10 (1.1) 26 (2.0) 40 (2.1) 20 (2.0) 4(1.0)
Lebanon 11(1.6) 25(2.5) 29 (24) 22(2.6) 13 (1.8)
Italy 12 (2.0) 22(2.5) 28 (2.5) 21(1.8) 16 (3.0)
Sweden 10 (1.4) 22(1.7) 42022 22(1.7) 4(0.8)
Philippines 21(1.5) 21(1.4) 36 (1.5) 21(1.4) 1(0.3)
Armenia 9(2.8) 20 (3.1) 26 (33) 18 (2.4) 27 (2.8)
Norway 13 (1.5) 18 (1.8) 42(1.9) 22(1.9) 4(1.0)
*  No Response () Standard errors appear in parentheses. Because results are rounded to the nearest

whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).

SOURCE: IEA TIMSS Advanced 2008 ©
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Mathematics: Achievement at the High International Benchmark

Exhibit 3.7 shows a multiple-choice item from the algebra domain
that anchored at the High International Benchmark. Example Item 4
required students to identify which of four given graphs represented
the relationship between the volume of a sphere and its diameter.
Performance on this item was best in the Netherlands, where 60 percent
of students recognized that the correct response was the only one
showing that the volume of a sphere increases monotonically without
an upper bound in a non-linear fashion as its diameter increases. In
more than half of the countries, the percent of students responding
correctly was below 40 percent. The three alternatives all attracted
significant numbers of students, and the non-response rates were quite
low: 7 percent or less in 9 countries and 13 percent in Armenia.

Example Item 5, shown in Exhibit 3.8, is from the calculus
domain and also anchored at the High International Benchmark.
This constructed-response item showed students the graph of a
trigonometric function and asked why the slopes of the tangent to
the graph at two given points were equal. In order to answer the
item correctly, students had to know that the slope of the tangent
to a curve is given by the first derivative of the function. Then they
had to calculate the derivative of the given function, , and know the
values of sin m and sin 2. It is not possible to tell from the incorrect
response categories for this item what specific kinds of errors students
made most frequently.

Students from the Netherlands had the best result on this item
(53% correct, and only 3% non-response), but there was a considerable
range across countries and the percent correct in six countries was
less than 25. Referencing Exhibit 1.14 from Chapter 1, it can be seen
that although all participants included derivatives in the intended
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Exhibit3.7  TIMSS Advanced 2008 High International Benchmark (550)
of Mathematics Achievement - Example Item 4

Content Domain: Algebra

Description: Iden s the graph that represents the relationship between the volume
of a sphere and its diameter

Country

TIMSSAdvancedpli[i}:]
Advanced Mathematics

Percent
Correct

t Netherlands 60 (2.8)
oAfstﬁkeuzriiZiebtzlrlzc?)n is blown up. Which graph shows the volume V as a function Russian Federation 4927)
v Iran, Islamic Rep. of 47 (2.9)
1 1 Sweden 42(29)
Italy 38(2.9)
(] Norway 37 (23)
Philippines 34(2.0)
0 >4 o >4 Armenia 31(3.6)
Lebanon 30(2.2)
Slovenia ?29 (2.3)
N Y\
© ©
0 >d 0 >
Country A
Correct
Response
t Netherlands 60 (2.8) 21(1.8) 10 (1.6) 9(1.5) 0(0.0)
Russian Federation 49 (2.7) 9(1.6) 15 (2.4) 25(1.8) N 1(0.4)
Iran, Islamic Rep. of 47 (2.9) 10 (1.6) 19 (2.0) 17 (2.1) 7(13)
Sweden 42(29) 27 (2.7) 9(1.2) 21(1.7) 2(0.6)
Italy 38(2.9) 17 (2.0) 10 (2.1) 30(2.3) 5(12)
Norway 37(23) 23(2.0) 16 (1.9) 23(1.7) 1(0.4)
Philippines 34(2.0) 21(1.4) 11(1.2) 33(1.8) 1(0.3)
Armenia 31(3.6) 29 (3.6) 14 (2.9) 13 (2.3) 13 (1.7)
Lebanon 30(2.2) 31(2.5) 13 (1.9) 19 (2.1) 7(13)
Slovenia 29(23) 29(23) 7(1.6) 34(2.0) 1(0.5)
*  No Response () Standard errors appear in parentheses. Because results are rounded to the nearest

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).

whole number, some totals may appear inconsistent.
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curriculum, this topic was not always covered in the implemented
curriculum, with about 81 percent of the students in Lebanon taught
the topic, about two-thirds in Armenia and Slovenia, and about half
in the Philippines. Non-response rates varied widely across countries,
and in Italy and Armenia more than 6o percent of students failed to
provide an answer to this item.

The third example of an item that anchored at the High
Benchmark, Example Item 6, is from the geometry domain and is
shown in Exhibit 3.9. To solve this multiple-choice item, students had
to be familiar with some basic properties of the slopes of lines. Again,
students from the Netherlands had the best performance on this item
with 75 percent responding correctly. For 6 of the 10 countries, the
percentage responding correctly was above 50 percent. Responses C
and D were the most frequently chosen incorrect responses.
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Exhibit 3.8  TIMSS Advanced 2008 High International Benchmark (550)

. . TIMSSAdvancedp{[i}:]
of Mathematics Achievement - Example Item 5 Advanced Mathematics
Content Domain: Calculus
Countr Percent
Description: Justifies a statement about slopes at two points on the graph of a trigonometric y Correct
function
t Netherlands 53(2.7)
y!h
\ . = Lebanon 48 (2.7)
o D
an Iran, Islamic Rep. of 45 (2.8)
M Russian Federation 39 (3.3)
/_J/ Sweden 22(25)
> X Ital 19 (2.7
-m O T 2 3n y @7
Armenia 18 (2.7)
. =
- Slovenia ’ }10 (1.5
Norway 9(1.2)
Sophia is studying the graph of the function y =x+cosx shown above. She says .
that the slope at point A is the same as the slope at point B. Explain why she is Philippines 2(1.0)
correct.
Store = Zd)%— =4 - 5w 0
= 4 - SN
2z 4-0=4
br 7T = 4-WX
Y. Sotlik 1S CoRLECT S SLOPE
- 4-0 =4 SF THES FoNCTMON \S 4 A+ pot
- PORT A Atd Por B
The answer shown is an example of a student response that was scored as correct
T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because results are rounded to the nearest
included (see Appendix A). whole number, some totals may appear inconsistent.
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Exhibit 3.8  TIMSS Advanced 2008 High International Benchmark (550) TIMSSAdvance 2008
of Mathematics Achievement — Example Item 5 (Continued) Advanced Mathematics

Scoring Guide

Code | Response | Item: MA23198

| Correct Student Responses

10 | Differentiates or uses the cosine function to show gradient the same at x = wand x =2x

11 | Correct answer using calculator

SOURCE: [EATIMSS Advanced 2008 ©

| Incorrect Student Responses

70 | Calculator used—answer incorrect or explanation inadequate

71 | Differentiates correctly—explanation inadequate

79 Other incorrect

NR | No Response

Percent of Students in Each Scoring Guide Category

Country Correct Student

Incorrect Student Responses
Responses

T Netherlands 52(2.9) 0(0.5) 0(0.0) 3(0.9) 41(2.8) 3(0.8)
Lebanon 48 (2.7) 0(0.0) 3(07) 0(0.0) 33 (2.4) 16 (2.4)
Iran, Islamic Rep. of 45 (2.8) 0(0.0) 1(0.6) 1(0.4) 38 (2.6) 15 (1.7)
Russian Federation 39 (3.3) 0(0.0) 0(0.0) 2(0.5) 37 (2.1) 22 (23)
Sweden 21(2.5) 0(0.1) 0(0.4) 4(0.6) 56 (2.3) 19(1.9)
Italy 18 (2.8) 1(0.0) 0(0.0) 2(0.8) 11(1.5) 69 (3.2)
Armenia 18 (2.7) 0(0.0) 0(0.0) 1(0.0) 20 (3.0) 61(3.9)
Slovenia 10 (1.5) 0(0.0) 0(0.0) 2(0.5) 64 (2.4) 24 (2.5)
Norway 9(1.2) 0(0.0) 0(0.0) 1(0.4) 61(2.2) 30 (2.5)
Philippines 2(1.0) 0(0.0) 0(0.0) 0(0.0) 71(1.8) 27 (1.6)

T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because results are rounded to the nearest

included (see Appendix A). whole number, some totals may appear inconsistent.
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Exhibit3.9  TIMSS Advanced 2008 High International Benchmark (550) TiMsSAdvanced(IT

of Mathematics Achievement - Example Item 6 Advanced Mathematics

Content Domain: Geometry

Descri - : . . Country PEICEnt
escription: Finds the sum of the slopes of the three sides of an equilateral triangle Correct
with one side along the x-axis
t Netherlands 75 (1.5)
:l)lrelet }slircel: (s)ifde:; ;esquilateral triangle lies along the x-axis. The sum of the slopes of Iran, Islamic Rep. of 61(23)
® Lebanon 54 (2.0)
1 Slovenia 53 (2.0)
© 1 Russian Federation 52(2.5)
® - 243 Norway 51(2.1)
® 1423 Sweden 45(18)
Italy 42(23)
Armenia 33(22)
Philippines ?29 (1.7)
Percent of Students
Country A
Correct
Response
t Netherlands 75 (1.5) 1(0.5) 6(0.9) 10 (1.1) 4(0.6)
Iran, Islamic Rep. of 61(2.3) 2(0.5) 6(0.9) 9(1.0) N 4(0.7)
Lebanon 54(2.0) 3(0.5) 9(1.1) 17 (1.5) 7(0.9)
Slovenia 53 (2.0) 3(0.6) 18 (1.4) 14 (1.6) 5(0.7)
Russian Federation 52 (2.5) 3(0.6) 11(1.0) 22 (1.5) 6(0.9)
Norway 51(2.1) 1(0.4) 18 (1.7) 14 (1.1) 6(0.9)
Sweden 45(1.8) 6(0.8) 21(1.5) 13 (1.3) 7(0.7)
Italy 42(23) 3(0.5) 10 (1.0) 15 (1.5) 6(0.7)
Armenia 33(2.2) 6(1.2) 11(1.5) 19 (2.6) 9(1.9)
Philippines 29 (1.7) 4(04) 21(1.2) 26 (1.2) 19 (1.3)
*  No Response () Standard errors appear in parentheses. Because results are rounded to the nearest

whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

' Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).
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Mathematics: Achievement at the Intermediate
International Benchmark

Example Item 7, shown in Exhibit 3.10, is taken from the algebra
domain. This constructed-response item required students to solve
an inequality involving a rational expression in one variable. All
countries included inequalities in their curricula, and teachers reported
that nearly all students had been taught this topic (96-100%). In the
Russian Federation, 8o percent of students responded correctly. In half
the countries, the percent of students providing correct responses was
greater than 50. Students were not required to show their work, and it
is not possible to tell from the scoring guide how students attempted
to solve the inequality.

The calculus item shown in Exhibit 3.11 is a constructed-response
item requiring students to find the derivative of a rational function
(Example Item 8). To find this derivative, students had to know and be
able to apply the quotient rule. Students in several countries performed
very well on this item, with the best performance being registered in
Lebanon with 91 percent of students obtaining full credit for the item.
Approximately three fourths of the Iranian and Russian students as
well as two thirds of the Slovenian students also received full credit. On
the other hand, students in Norway, the Philippines, and Sweden found
the item much more difficult. The most frequent incorrect response in
several countries was based on an attempt to use the quotient rule for
differentation, but doing so incorrectly.

Example Item 9, a multiple-choice item shown in Exhibit 3.12, is
taken from the geometry domain. One way to solve this problem is
to visualize or draw a right triangle, and recall that the vertices of a
right triangle can be inscribed in a circle with the hypotenuse, being
the diameter of the circumcircle. This means that 7, the mid-point of
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Exhibit 3.10 TIMSS AdvanFed 2098 Intermediate International Benchmark (475) TIMSSAdvance 2008
of Mathematics Achievement - Example Item 7 Advanced Mathematics
Content Domain: Algebra Percent
Country C
Description: Solves a rational inequality with linear numerator and denominator orrect
Russian Federation 80 (1.8)
Armenia 74 (2.6)
Coi S
x=2 Italy 60 (3.7)
For which values of x is the inequality shown above satisfied? Iran, Islamic Rep. of 54 (2.5)
Answer: x—>2 Lebanon 51(2.4)
t Netherlands 47 (2.4)
Sweden 30 (2.4)
4
Slovenia -926 (2.6)
Norway 16 (1.7)
Philippines 15(1.7)
The answer shown is an example of a student response that was scored as correct
T Met guidelines for sample participation rates only after replacement schools were () Standard errors appear in parentheses. Because results are rounded to the nearest
included (see Appendix A). whole number, some totals may appear inconsistent.
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Exhibit 3.10 TIMSS Advanced 2008 Intermediate International Benchmark (475)
of Mathematics Achievement - Example Item 7 (Continued)

Scoring Guide

Code | Response

| Ttem: MA23135

| Correct Student Response

SOURCE: [EATIMSS Advanced 2008 ©

10 | x>2

| Incorrect Student Responses
79 | Incorrect
NR | No Response

Percent of Students in Each
Scoring Guide Category

Correct

Country Student Incorrect Student
Response Responses
e s
Russian Federation 80 (1.8) 19 (1.7) 1(0.4)
Armenia 74 (2.6) 21(2.) 4(13)
Italy 60 (3.7) 34(33) 7(1.4)
Iran, Islamic Rep. of 54 (2.5) 42 (2.5) 4(0.9)
Lebanon 51(24) 46 (2.3) 3(1.0)
t Netherlands 47 (2.4) 48 (2.5) 5(12)
Sweden 30 (2.4) 60 (2.2) 10 (1.4)
Slovenia 26 (2.6) 71(2.7) 3(1.1)
Norway 16 (1.7) 64 (2.1) 20 (2.0)
Philippines 15(1.7) 78 (1.6) 8(0.9)

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).

0

TIMSSAdvancedpli[i}}]

Advanced Mathematics

Standard errors appear in parentheses. Because results are rounded to the nearest

whole number, some totals may appear inconsistent.

EA

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College
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Exhibit 3.11

linear

TIMSS Advanced 2008 Intermediate International Benchmark (475)
of Mathematics Achievement - Example Item 8

Content Domain: Calculus

Description: Differentiates a rational function where the numerator and denominator are both

Find f/(x), when f(x)= 3;‘:'12 .
Show your work.
7 - -
% = (x-.)a‘ix@x+z) G+ gk (20
(=D >
= 5(_2_-\) - (3% +2.) ([@P)
(2=
= /3/{-3 - 3L=2
-
' - _s
(2>

The answer shown is an example of a student response that was scored as correct

t

Met guidelines for sample participation rates only after replacement schools were 0
included (see Appendix A).

TIMSSAdvancedp{[i}:}
Advanced Mathematics

Country Percent
Correct

Lebanon 91(1.6)
Iran, Islamic Rep. of 79 (2.2)
Russian Federation 75 (2.4)
Slovenia 67 (2.1)
Italy 60 (3.4)
Armenia 56 (3.6)
T Netherlands 48(2.9)
Norway ;}29 (2.1)
Philippines 21(2.1)
Sweden 20 (1.8)

EA

Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

TIMSS & PIRLS

International Study Center
Lynch School of Education, Boston College

SOURCE: [EATIMSS Advanced 2008 ©
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Exhibit 3.11 TIMSS Advanced 2008 Intermediate International Benchmark (475)

TIMSSAdvancedpli[i}]
of Mathematics Achievement - Example Item 8 (Continued) Advanced Mathematics
Scoring Guide
Code | Response | Item: MA23159

| Correct Student Responses

10

SOURCE: IEATIMSS Advanced 2008 ©

’ -5 . u , (ufv_uvl) ’ ’ ’
f (x) =W using (;) =v—2 or, (MV) =uv+uv

11 | Correct expression using calculator

| Incorrect Student Responses

70 | Calculator used—answer incorrect or explanation inadequate

71 | Correct answer—no working shown

72 | Using quotient rule but no correct expression

73 | Using product rule but no correct expression

79 Other incorrect

NR | No Response

Note: Students were instructed that if they used a calculator they were to explain how and
for what it was used.

Percent of Students in Each Scoring Guide Category

Correct Student

Country s Incorrect Student Responses
“—-----“

Lebanon 91(1.6) 0(0.0 0(0.2) 4(1.1) 0(0.0) 0(0.0) 4(1.0) 1(0.6)
Iran, Islamic Rep. of 79(22) 0(0.0) 0(0.0) 0(0.1) 10(1.2) 0(0.0) 9(1.7) 2(0.9)
Russian Federation 75 (2.4) 0(0.0) 0(0.0) 0(0.0) 8(1.7) 0(0.0) 14 (2.1) 3(0.6)
Slovenia 67 (2.1) 0(0.0) 0(0.0) 0(0.0) 10 (1.3) 0(0.0) 21(1.7) 3(0.8)
Italy 60 (3.4) 0(0.1) 0(0.0) 0(0.0) 11(1.6) 0(0.0) 17 (2.7) 13(2.1)
Armenia 55 (3.6) 2(1.0) 1(0.6) 0(0.0) 2(1.) 0(0.0) 25(33) 15(2.0)

t Netherlands 48 (2.9) 0(0.0) 0(0.0) 0(0.0) 40 (2.9) 4(1.1) 7(13) 1(0.4)
Norway 29(2.2) 0(0.3) 0(0.2) 0(0.0) 33(3.0) 0(0.0) 30 (2.9) 8(1.4)
Philippines 21(2.1) 0(0.0) 0(0.0) 0(0.0) 10(1.2) 0(0.0) 57 (2.3) 12 (1.6)
Sweden 19 (1.7) 0(0.2) 0(0.0) 0(0.0) 19 (2.0) 3(0.9) 48 (2.3) 10 (1.4)

T Met guidelines for sample participation rates only after replacement schools were () standard errors appear in parentheses. Because results are rounded to the nearest
included (see Appendix A). whole number, some totals may appear inconsistent.

mias. TIMSS & PIRLS
gy, International Study Center
¢ Lynch School of Education, Boston College
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Exhibit 3.12 TIMSS Advanced 2008 Intermediate International Benchmark (475) TIMSSAdvance 2oos
of Mathematics Achievement - Example Item 9 Advanced Mathematics

Content Domain: Geometry

Percent
Correct

Country

Description: Uses properties of an isosceles right triangle to determine the length of a given
median

Lebanon 90 (1.4)
Triangle PQR is an isosceles right triangle with a right angle at P. If PT is a . .
median of the triangle, then PT has the same length as Russian Federation 87(13)
® PR T Netherlands 79 (1.7)
PQ Iran, Islamic Rep. of 74 (1.8)
© QR Italy 65(2.2)
@ QT Slovenia 63 (2.0)
Armenia 60 (2.5)
Norway 49 (1.8)
Philippines 47 (1.8)
Sweden ?41 (1.2)

Percent of Students

Country D
Correct
Response

3(07) 004 2005

Lebanon 2(0.5) 3(0.7) )
Russian Federation 4(0.7) 3(0.5) 5(07) 87 (13) 1(03)
T Netherlands 4(0.8) 4(0.8) 10(1.2) 79 (1.7) 4(0.7)
Iran, Islamic Rep. of 5(0.8) 5(0.7) 7(0.9) 74 (1.8) 10 (1.1)
Italy 7(1.0) 11(1.5) 8(1.1) 65(2.2) 9(1.4
Slovenia 10 (1.2) 11(13) 13 (1.0) 63 (2.0) 4(0.8)
Armenia 8 (1.5 9(1.4) 13(1.8) 60 (2.5) 10(1.3)
Norway 10 (0.8) 14 (1.4) 18 (1.2) 49 (1.8) 9(0.9)
Philippines 19(1.1) 17(1.2) 17 (1.1) 47 (1.8) 1(0.2)
Sweden 11(1.0) 15(13) 25 (1.1) 41(1.2) 8 (1.0)

*

No Response () Standard errors appear in parentheses. Because results are rounded to the nearest

whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

T Met guidelines for sample participation rates only after replacement schools were
included (see Appendix A).

SOURCE: IEA TIMSS Advanced 2008 ©
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the hypotenuse, QR, is the center of the circumscribed circle and that,
since PT and QT are radii of that circle, they must be of equal length.
The percent of students choosing the correct response to this item was
at least 60 in 7 of the 10 participating countries, and in no country was
the percent correct less than 40. The best results were in Lebanon (90%)
and the Russian Federation (87%), and approximately three-fourths
of the Dutch and Iranian students answered correctly. Non-response
rates were quite low, and incorrect responses were distributed across
the three alternatives.

% |
f u

s
o),
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Chapter 4

Mathematics Students’
Backgrounds and Attitudes

The advanced mathematics that is the focus of this report is learned
only through sustained study throughout the years of schooling; and it
is the school context, including the curriculum, school and classroom
resources, and instruction in the classroom that is the main object of
study by TIMSS. Nonetheless, previous IEA studies of mathematics
achievement® have shown that student achievement is related to home
environment among students at fourth and eighth grades, and that
students from advantaged homes have higher achievement than their
less advantaged classmates. As evidenced by the TIMSS Advanced
Mathematics Coverage Index presented in earlier chapters, the students
taking the advanced mathematics courses assessed by TIMSS Advanced
are clearly a select group in every country, and presumably among
the most able students of their age cohort. Even in such a select
group, however, it is likely that a positive relationship between home
environment and mathematics achievement exists. Since information
on such factors can be very important in interpreting the achievement
results, this chapter summarizes students’ reports on aspects of their
home environments, how they spend their out of school time, computer
use, preparation for examinations, attitudes toward mathematics, and
expectations for further study.

1 Forexample, for results from TIMSS 2007, see Mullis, 1.V.S., Martin, M.O., & Foy, P. (2008). TIMSS 2007 international mathematics
report: Findings from IEA’s Trends in International Mathematics and Science Report at the fourth and eighth grades. Chestnut Hill, MA:
TIMSS & PIRLS International Study Center, Boston College.
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Home Environments Supportive of Advanced
Mathematics Achievement

Successive cycles of TIMSS and PIRLS have shown that students from
homes well-endowed with literacy resources have higher achievement in
mathematics, science, and reading than students from less advantaged
homes. Exhibit 4.1, which presents students’ reports about the number
of books in their homes, shows that this is true of students taking
advanced mathematics in their final year of secondary school also. The
exhibit shows, for each TIMSS Advanced 2008 participating country,
the percentage of students in five categories of book ownership, more
than 200 books, 101-200 books, 26-100 books, 11-25 books, and o0-10
books, together with their average mathematics achievement and
changes in percentages since 1995.

As shown in the exhibit, and in line with differences in the
Human Development Index described in Chapter 2, there was a range
of book ownership across countries, from Norway and Sweden where
50 percent or more of students reported having more than 200 books
at home to Lebanon with 11 percent and the Philippines with 6 percent.
Compared with 1995, there was a pronounced downward trend in
book ownership in 2008, with three of the four trend countries—the
Russian Federation, Slovenia, and Sweden—showing decreases in the
percentages of students from homes with many books (more than 200)
and increases in the percentages from homes with fewer books (100
or less). Although the relationship is not identical in every country;,
in general there was a positive association between the number of
books in the home and average achievement on the TIMSS advanced
mathematics assessment. The relationship was most pronounced in
Italy and Sweden, where the difference in average achievement between
students from homes in the highest category of book ownership (more

zemias TIMSS & PIRLS

@wh, |nternational Study Center

Lynch School of Education, Boston College
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Exhibit4.1 Books in the Home with Trends TIMSSAdvancedfI[i[}

Advanced Mathematics

More than 200 Books 101-200 Books 26-100 Books

Country 8 Average |
Students Achievement Achievement from 1995 | Students Achievement from 1995

Armenia 30 (2.1) 444 (5.1) 00 22(1.9) 462 (8.3) 00 27 (1.9) 426 (6.9) 00

Iran, Islamic Rep. of 19 (1.4) 528 (10.8) 00 14 (1.0) 500 (10.5) 00 28 (1.1) 499 (6.1) 00

Italy 33(2.1) 475 (7.1) 3(3.5) 18(1.2) 460 (9.4) -7(3.8) 27 (1.3) 438 (7.8) -4(33)
Lebanon 11(0.7) 566 (5.2) 00 12 (0.8) 559 (5.4) 00 31(1.2) 548 (3.7) 00
Netherlands 36 (1.9) 556 (2.9) 00 21(1.0) 555 (4.1) 00 26 (1.4) 549 (3.2) 00
Norway 52 (1.6) 454 (4.8) 00 21(1.1) 438 (5.5) 00 16 (1.0) 424 (5.9) 00
Philippines 6(0.8) 387 (17.3) 00 12(0.7) 377 (10.9) 00 38(1.3) 371(5.3) 00
Russian Federation 38 (1.5) 575 (6.5) -8(26) ® 31(1.0) 561 (8.5) -2(2.0) 25 (1.1) 548 (8.9) 6(2.0) ©
Slovenia 21(1.3) 467 (7.7) -925 ® 25(09) 461 (6.4) -6(23) @ 38(1.2) 456 (4.5) 528 ©
Sweden 50 (1.6) 439 (5.7) -85 @ 19(09) 410(7.9) 4019 ® 19(1.1) 379 (7.0) 5(1.6) ©

11-25 Books 0-10 Books

Country e L N I?Ifference
in Percent

Students Achievement Achievement from 1995

Armenia 13 (1.3) 418 (10.0) 00 7(1.2) 376 (14.4) 00

Iran, Islamic Rep. of 26 (1.2) 486 (6.1) 00 13 (1.1) 465 (8.1) 00

Italy 16 (1.1) 420 (10.6) 2(26) 7(0.8) 400 (15.7) 5(1.0) @
Lebanon 26 (0.9) 542 (4.6) 00 20 (1.0) 523 (3.8) 00
Netherlands 12 (0.9) 552 (3.8) 00 5(0.6) 544 (8.2) 00
Norway 7(0.8) 387 (16.3) 00 4(0.5) 406 (14.7) 00
Philippines 31(1.0) 336 (6.6) 00 13 (1.0) 323(9.2) 00
Russian Federation 6 (0.6) 525 (11.3) 3(0.8) © 1(0.2) ~~ 0(0.3)
Slovenia 14(0.9) 448 (7.0) 8(12 0 3(04 428 (15.4) 2(06) ©
Sweden 8(0.8) 371 (14.1) 4(13)©  4(06) 362 (12.9) 4(06) ©

© 2008 percent significantly higher than 1995
@ 2008 percent significantly lower than 1995

Data provided by students. A diamond (0) indicates the country did not participate in the 1995 assessment.

() Standard errors appear in parentheses. Because results are rounded to the nearest A tilde (~) indicates insufficient data to report achievement.
whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: IEA TIMSS Advanced 2008 ©
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than 200 books) and students from the lowest category (o-10 books)
was 75 scale-score points or more in both countries. In contrast, the
average achievement difference between students from the highest and
lowest categories of book ownership in the Netherlands was just 12
score points.

In 5 of the 10 participating countries—Armenia, Italy, the
Netherlands, the Russian Federation, and Slovenia—almost all of the
students assessed by TIMSS Advanced (96% or more) reported that they
always or almost always spoke the language of the TIMSS advanced
mathematics test at home, and in Norway and Sweden the percentages
were 94 and 93, respectively (see Exhibit 4.2). Among countries with
large majorities of students routinely speaking the language of the test
at home and with enough data to support a comparison—these include
the Netherlands, Norway, the Russian Federation, and Sweden—
average mathematics achievement was usually lower among students
speaking the language of the test sometimes or never at home than
among those speaking it more frequently.

In Iran, 8o percent of the advanced mathematics students
reported always or almost always speaking Farsi, the language of
the test, and 20 percent sometimes or never. In Lebanon, where the
TIMSS Advanced assessment was administered in French while Arabic
is the language of everyday life for most people, only 10 percent of
students reported speaking French frequently at home. Mathematics
achievement was somewhat lower (13-15 scale-score points) among
those reporting never speaking French at home compared to those who
sometimes or always spoke it. In the Philippines, TIMSS Advanced
was administered in English as the language of instruction for
advanced academics, although only 15 percent of the students assessed
reported speaking English frequently at home. Average mathematics

. TIMSS & PIRLS

B, International Study Center

Lynch School of Education, Boston College
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Exhibit4.2  Students Speak Language of the Test at Home with Trends TIMSSAdvancedplu:

Advanced Mathematics

Country

2008 Difference 2008 Difference 2008 Difference

Average Average Average

Percent of in Percent |Percent of in Percent |Percent of in Percent

Achievement Achievement

Achievement

Students from 1995 | Students from 1995 | Students from 1995
Armenia 97 (0.9) 436 (3.7) 00 2(09) ~ o~ 00 1(0.2) ~ o~ 00
Iran, Islamic Rep. of 80 (2.3) 498 (7.1) 00 10 (1.4) 473 (12.7) 00 9(1.4) 509 (12.1) 00
Italy 99(0.2) 449 (7.2) 20080 1(02) ~ o~ =308 @  0(0.1) ~ o~ 0(0.2)
Lebanon 10 (0.8) 547 (5.7) 00 66 (1.4) 549 (2.7) 00 24(13) 534 (4.1) 00
Netherlands 96 (0.6) 553 (2.7) 00 3(04) 532(8.9) 00 1(0.3) ~~ 00
Norway 94(0.5) 442 (5.1) 00 5(0.5) 411(13.9) 00 1(03) ~ 00
Philippines 15 (1.0) 371 (10.0) 00 81(1.1) 350 (5.4) 00 4(03) 402 (11.4) 00
Russian Federation 97 (0.8) 562 (7.3) -3(08) ®  3(0.6) 527 (14.7) 20000  1(03) e 0(0.4)
Slovenia 97 (0.4) 460 (4.3) 0(0.6) 2(0.4) ~ o~ 0(0.5) 1(0.2) ~ o~ 0(0.3)
Sweden 93 (1.0) 418 (5.4) 3(13)®  6(08) 355 (13.0) 2000 2(04) ~ o~ 1(0.5)
© 2008 percent significantly higher than 1995
@ 2008 percent significantly lower than 1995
Data provided by students. A diamond (0) indicates the country did not participate in the 1995 assessment.
() Standard errors appear in parentheses. Because results are rounded to the nearest Atilde (~) indicates insufficient data to report achievement.
whole number, some totals may appear inconsistent.
Exhibit4.3  Students and Parents Born in the Country with Trends TIMSSAdvanced{u]

Advanced Mathematics

At Least One of the Parents Neither the Parents Nor
Both Parents and the Student : :
: or the Student Born in the the Student Born in the
Born in the Country
Country Country
Country
2008 : 2008 : 2008 .
Difference Difference Difference
Percent Average in Percent Percent Average in Percent Percent Average in Percent
of Achievement from 1995 of Achievement from 1995 of Achievement from 1995
Students Students Students
Armenia 89 (1.4) 432 (3.6) 00 11(1.3) 460 (15.4) 00 0(0.2) ~~ 00
Iran, Islamic Rep. of 98 (0.5) 497 (6.5) 00 2(0.5) ~~ 00 0(0.1) ~~ 00
Italy 93 (0.6) 449 (7.2) -2(1.4) 5(0.6) 448 (14.5) 1(1.4) 1(0.2) ~ o~ 1(0.4)
Lebanon 85 (1.0) 545 (2.5) 00 15 (1.0) 547 (4.6) 00 0(0.1) ~ o~ 00
Netherlands 86 (1.2) 554 (2.7) 00 13 (1.0) 549 (5.1) 00 2(0.5) ~~ 00
Norway 81 (1.5) 444 (4.7) 00 14 (1.4) 426 (11.9) 00 5(0.8) 401 (14.5) 00
Philippines 97 (1.5) 356 (5.6) 00 3(1.2) 356 (15.7) 00 0(0.3) ~~ 00
Russian Federation 80 (23) 562 (6.9) 1(4.2) 17 (1.9) 561(9.7) -3(3.9) 3(0.5) 546 (20.5) 2(07) ©
Slovenia 84(1.2) 462 (4.6) 1(1.9) 15(1.2) 443 (6.3) -1(1.8) 1(0.2) ~ o~ 0(0.4)
Sweden 76 (1.8) 423 (5.1) 822 @® 17(1.2) 395 (10.2) 5(1.7) © 7(0.9) 355 (14.4) 3(1.1) ©

© 2008 percent significantly higher than 1995
@ 2008 percent significantly lower than 1995

Data provided by students. A diamond (0) indicates the country did not participate in the 1995 assessment.
() Standard errors appear in parentheses. Because results are rounded to the nearest A tilde (~) indicates insufficient data to report achievement.

whole number, some totals may appear inconsistent.
TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: IEATIMSS Advanced 2008 ©

SOURCE: IEA TIMSS Advanced 2008 ©
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achievement was higher for these students than for the 81 percent that
reported sometimes speaking English.

Related to the issue of the language spoken in the home in many
countries is whether students and their parents were native to their
countries or were recent immigrants. As shown in Exhibit 4.3, more
than 9o percent of the advanced mathematics students in Iran, Italy,
and the Philippines reported that they and both their parents were
born in the country; and, in the other countries, with the exception of
Sweden, the corresponding figures were between 8o and 9o percent.
In Sweden, 76 percent of students reported that they and their parents
were born in the country, with 7 percent reporting that neither they
nor their parents were born in the country, and 17 percent that they
and at least one of their parents were native born. Sweden also was
the only country where the percent of native-born students declined
from 1995 (by 8 percentage points). In Norway, Slovenia, and Sweden,
advanced mathematics students who were born in the country and
whose parents also were native born had higher average mathematics
achievement than others.

Out of School Time and Computer Usage Among
Mathematics Students

Exhibit 4.4 presents advanced mathematics students’ reports about
how they spent their time outside of school. On a normal school day,
they spread their time outside of school across a range of activities,
including doing schoolwork, taking part in organized activities, using
a computer for things other than schoolwork, spending time with
friends, working at a paid job, and watching movies or television. Most
advanced mathematics students reported spending between 1 and 2
hours on each of these activities. Students in Iran, Italy, Lebanon, and
the Russian Federation reported spending more than 2 hours daily

. TIMSS & PIRLS

B, International Study Center

Lynch School of Education, Boston College




CHAPTER 4: MATHEMATICS STUDENTS BACKGROUNDS AND ATTITUDES 125

Exhibit 4.4 Time in Hours Mathematics Students Spend on Various Activities Outside TIMSSAdvance 2oos
of School on a Normal School Day Advanced Mathematics

Country sty | Orsamzed | forTingsOiver | SpendnaTime | Werknat | Watching Hovis
Armenia 1.9 (0.06) r 1.0 (0.04) r 1.1(0.04) r 2.1(0.05) r 0.2 (0.04) r 1.6 (0.06)
Iran, Islamic Rep. of 3.3 (0.04) 0.8 (0.02) 0.8 (0.03) 1.0 (0.04) 0.1 (0.01) 1.5 (0.03)
Italy 2.1(0.08) 1.4 (0.04) 1.5(0.04) 1.9 (0.06) 0.4 (0.04) 1.2(0.03)
Lebanon 2.2 (0.04) 1.1(0.03) 1.4 (0.03) 1.7 (0.04) 0.5 (0.03) 1.4 (0.03)
Netherlands 1.0 (0.03) 1.5(0.03) 1.9 (0.04) 1.1(0.03) 1.2 (0.04) 1.3(0.03)
Norway 1.3 (0.04) 1.4 (0.03) 1.7 (0.03) 1.8 (0.04) 1.3 (0.06) 1.3 (0.02)
Philippines 1.9 (0.04) 1.2(0.04) 1.5(0.04) 2.6 (0.04) 0.1(0.01) 2.0 (0.05)
Russian Federation 2.1 (0.04) 1.5 (0.02) 1.9 (0.04) 2.6 (0.04) 0.2 (0.02) 1.1 (0.03)
Slovenia 1.6 (0.04) -- 1.7 (0.05) 2.0 (0.04) 0.6 (0.03) 1.3(0.04)
Sweden 1.1 (0.04) 1.2 (0.03) 2.1(0.05) 1.7 (0.05) 0.6 (0.04) 1.3 (0.03)

Data provided by students. A dash (-) indicates comparable data are not available.

() Standard errors appear in parentheses. An“r”indicates data are available for at least 70% but less than 85% of the students.

miss. TIMSS & PIRLS

gb, International Study Center
Lynch School of Education, Boston College

SOURCE: [EATIMSS Advanced 2008 ©
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on schoolwork (outside of school). Spending time with friends, using
a computer, and watching movies or TV were popular pastimes in all
countries, whereas working at a paid job was less common.

Exhibit 4.5 presents more detailed information on the amount
of time advanced mathematics students spent using a computer each
day. It is clear from these reports that students in all countries except
Armenia and Iran were frequent computer users, with 30-50 percent
of students spending more than 2 hours using a computer each day.
Computer usage in Armenia and Iran was relatively less, and in these
countries approximately one student in four reported spending no
time at all using a computer. There was no clear relationship across the
countries between spending time using a computer and achievement
in mathematics.

To provide information about whether computer use by advanced
mathematics students was a home or school activity or whether they
used computers somewhere else, Exhibit 4.6 summarizes students’
reports on the frequency of computer usage at home, at school, and
elsewhere. According to the results, the home was the principal locus
of computer usage among advanced mathematics students, with a
large majority (more than 80%) in 6 of the 10 participating countries—
Italy, the Netherlands, Norway, the Russian Federation, Slovenia, and
Sweden—reporting that they used a computer at home “a lot”. The
majority of students in these countries reported sometimes using a
computer in school also. In Armenia and Lebanon, relatively fewer
students reported frequently using a computer at home (63% and 68%,
respectively), and in Iran and the Philippines less than half (47% and
48%, respectively). The relatively low level of home computer usage in
these countries was offset somewhat by use in school (Armenia and the
Philippines) and elsewhere (Armenia, Lebanon, and the Philippines).
“Elsewhere” includes locations such as a public library, an Internet cafe,

. TIMSS & PIRLS
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Exhibit4.5 Time Students Spend Using a Computer Each Day TIMSSAdvancedp{]i1)

Advanced Mathematics

No Time Less than 1 Hour 1-2 Hours

Country Percent Average Percent Average Percent Average
of Students | Achievement | of Students | Achievement | of Students | Achievement

SOURCE: IEA TIMSS Advanced 2008 ©

Armenia r 26 (1.5) 428 (8.8) 31(1.8) 447 (7.1) 29 (1.8) 439 (8.0)
Iran, Islamic Rep. of 25(1.3) 497 (6.9) 40 (1.4) 513 (7.6) 26 (1.3) 485 (8.1)
Italy 2(04 ~ o~ 27 (1.4 455 (8.5) 38(1.4) 453 (7.8)
Lebanon 3(0.5) 524 (17.5) 23 (1.1) 552 (43) 41(1.3) 545 (3.3)
Netherlands 0(0.1) ~ o~ 14(0.9) 551 (4.2) 42(1.4) 549 (3.2)
Norway 0(0.1) 5o o 18 (1.2) 437 (6.6) 40 (1.6) 441 (6.2)
Philippines 4(04) 301 (12.1) 18 (1.0) 336 (8.8) 43(1.2) 350 (5.8)
Russian Federation 2(03) ~ o~ 24(12) 561 (9.3) 41(13) 565 (7.8)
Slovenia 1(0.2) ~ o~ 28 (2.0) 464 (5.3) 40 (1.3) 457 (5.9)
Sweden 0(0.1) & o 14 (1.0) 410 (11.5) 34 (1.1) 418 (6.6)

More than 2 but Less
than 4 Hours

Percent Average Percent Average
of Students | Achievement | of Students | Achievement

4 or More Hours

Country

Armenia r 8(1.1) 439 (12.2) 5(0.8) 426 (17.3)

Iran, Islamic Rep. of 7(0.8) 481 (11.9) 2(0.4) ~~

Italy 22 (1.1) 444 (9.8) 11(0.9) 431(10.3)

Lebanon 23(1.2) 546 (4.4) 11(0.9) 539 (5.5)

Netherlands 30 (1.4) 556 (4.0) 15 (1.0) 559 (4.3)

Norway 27 (1.1) 434 (6.5) 15 (1.8) 450 (6.9)

Philippines 24(1.1) 369 (7.2) 12 (1.0) 401 (113)

Russian Federation 21 (1.1) 563 (7.7) 12 (0.9) 554 (7.9)

Slovenia 23(1.) 454 (5.3) 8(0.8) 453 (9.8)

Sweden 31(1.1) 412 (6.6) 20 (1.3) 411 (8.3)
Data provided by students. Atilde (~) indicates insufficient data to report achievement.
() Standard errors appear in parentheses. Because results are rounded to the nearest An“r"indicates data are available for at least 70% but less than 85% of the students.

whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College



128 CHAPTER 4: MATHEMATICS STUDENTS BACKGROUNDS AND ATTITUDES

Exhibit4.6 Computer Use at Home and at School TIMSSAdvancedp{i[\3

Advanced Mathematics

Usea Computer at Home

Country A Lot Never

Percent Average Percent Average Percent Average
Armenia S 63 (3.1) 448 (9.4) 28(2.9) 437 (14.4) 9(1.1) 418 (12.1)
Iran, Islamic Rep. of 47 (1.8) 505 (9.1) 51(1.7) 496 (7.2) 2(0.5) ~~
Italy 81(1.0) 452(7.0) 18 (1.0) 438 (9.6) 1(0.2) ~ o~
Lebanon 68 (1.3) 548 (2.5) 29 (1.4) 546 (4.0) 3(0.6) 516 (11.9)
Netherlands 91(0.8) 553 (2.8) 9(0.8) 549 (4.2) 0(0.1) ~~
Norway 83 (1.0) 441 (5.0) 17 (1.0) 434 (6.7) 0(0.1) ~ =
Philippines 48(2.2) 385(6.9) 20 (1.1) 364 (7.4) 32(1.9) 327 (6.9)
Russian Federation 88 (0.9) 564 (7.1) 11(0.9) 544 (8.1) 1(0.2) ~ o~
Slovenia 94 (0.6) 459 (4.4) 6 (0.6) 449 (7.8) 0(0.1) ~ o~
Sweden 85(0.8) 416 (5.4) 15 (0.7) 406 (9.1) 0(0.1) G
Country A Lot Never

Percent Average Percent Average Percent Average
Armenia s 18(2.1) 420 (11.8) 62 (3.1) 459 (10.7) 20(2.3) 404 (11.6)
Iran, Islamic Rep. of r 1(0.3) ~~ 20 (2.5 536 (13.3) 79 (2.5) 497 (6.6)
Italy 5011 386 (23.8) 64 (2.3) 448 (7.4) 31(2.6) 462 (9.7)
Lebanon r 1(0.2) o 54 (2.0) 554 (3.0) 45(1.9) 542 (3.6)
Netherlands 6(0.8) 555(7.3) 90 (0.8) 553 (2.6) 4(0.8) 544 (7.2)
Norway 22(2.9) 439 (9.6) 74 (2.6) 442 (5.0) 4(0.6) 409 (13.2)
Philippines 10 (1.1) 331 (11.6) 79 (1.3) 363 (5.7) 11 (1.6) 382 (12.0)
Russian Federation 6(0.5) 558 (11.4) 84(0.9) 563 (7.3) 9(0.9) 563 (9.5)
Slovenia 2(0.5) ~ o~ 62 (2.5) 465 (5.2) 36 (2.5) 453 (5.9)
Sweden 15 (2.0) 415(9.0) 82(1.9) 415(5.9) 3(0.6) 398 (17.8)

Data provided by students. Atilde (~) indicates insufficient data to report achievement.
() Standard errors appear in parentheses. Because results are rounded to the nearest An“r"indicates data are available for at least 70% but less than 85% of the students. An“s”
whole number, some totals may appear inconsistent. indicates data are available for at least 50% but less than 70% of the students.
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Exhibit 4.6

Country

Armenia S

Iran, Islamic Rep. of r

Italy

Lebanon

Netherlands

Norway

Philippines

Russian Federation

Slovenia

Sweden

Data provided by students.

() Standard errors appear in parentheses. Because results are rounded to the nearest

A Lot

Percent Average Percent Average Percent Average

of Students | Achievement | of Students | Achievement | of Students | Achievement
456 (13.9)
509 (8.0)

22(2.5) 429 (9.5)
4(0.6) 474 (17.8)
2(03) ~~

16 (1.1) 541 (4.9)
0(0.2) ~ o~
2(04) =

24(1.5) 351(5.7)
4(0.3) 548 (11.4)
2(04 ~~
1(0.3) =

whole number, some totals may appear inconsistent.

Computer Use at Home and at School (Continued)

Usea Computer Elsewhere

61(2.5) 442 (6.8)
52 (2.0) 497 (8.3)
36 (1.5) 449 (8.2)
67 (1.2) 548 (3.0)
32(13) 551(33)
56 (1.7) 438 (5.0)
70 (1.1) 359(6.2)
54(1.1) 560 (7.2)
53(23) 460 (4.9)
43 (1.0) 411 (6.0)

17(2.2)
44(1.9)
62 (1.5)
17 (0.9)
68 (1.2)
4(1.7)

6(0.7)
42 (1.1)
45 (2.1)
55(1.1)

Never

TIMSSAdvancedpli[i}]

Advanced Mathematics

SOURCE: IEATIMSS Advanced 2008 ©

449 (6.9)
556 (3.7)
554 (3.0)
446 (5.9)
404 (13.1)
569 (7.5)
460 (5.0)
47 (6.2)

A tilde (~) indicates insufficient data to report achievement.

An“r"indicates data are available for at least 70% but less than 85% of the students. An“s”

indicates data are available for at least 50% but less than 70% of the students.
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or a friend’s home. In line with the previous exhibit, computer usage,
whether at home, in school, or elsewhere, was lowest among students
in Iran.

Because of the immense potential of the computer as an
educational tool, TIMSS asked the advanced mathematics students
about the ways they used computers in doing their schoolwork. As
shown in Exhibit 4.7, computer usage for schoolwork was widespread
in all countries, with researching information from the Internet the
most popular activity, followed by word processing, and analyzing and
processing data. In the Netherlands, Norway, the Russian Federation,
Slovenia, and Sweden, more than 9o percent of the advanced
mathematics students reported using computers for researching
information on the Internet and for word processing.

Despite the reported widespread use of computers for schoolwork,
the advanced mathematics students reported relatively little computer
use for mathematics outside of class. As presented in Exhibit 4.8,
the majority of students in almost every country reported never or
almost never doing mathematics on a computer outside class. Even in
countries with very high levels of computer usage generally, such as
the Netherlands, Norway, and Sweden, mathematics students reported
only sporadic use for mathematics outside of class.

. TIMSS & PIRLS

B, International Study Center

Lynch School of Education, Boston College
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Exhibit 4.7  Various Ways Mathematics Students Use Computers for Schoolwork TIMSSAdvancedf{u]

Advanced Mathematics

Percent of Students Using Computers in Various Ways for Schoolwork

Researching

Information Word Analyzing and
from Processing Presenting Data

the Internet

Country Using
Specialized

Programs

SOURCE: IEA TIMSS Advanced 2008 ©

Armenia r 71(1.8) r 67 (2.1) r 30 (2.1) S 37 (2.6) s 35(3.)

Iran, Islamic Rep. of 81 (1.1) 38 (1.4) 23 (1.4) 13(0.9) 68 (1.5)

Italy 95 (0.6) 38 (1.5) 51(2.3) 24.(1.6) 72 (13)

Lebanon 88 (0.8) 40 (1.4) 41 (1.5) 33 (13) 70 (1.3)

Netherlands 99 (0.3) 97 (0.6) 65 (1.9) 34 (1.8) 27 (1.2)

Norway 99 (0.2) 96 (0.5) 57 (1.6) 17 (2.0) 73 (1.5)

Philippines 98 (0.4) 88 (0.9) 63 (1.3) 27 (1.0) 84(0.7)

Russian Federation 91 (0.8) 92 (0.7) 46 (1.2) 32(1.3) 64 (1.0)

Slovenia 99 (0.2) 96 (0.4) 75 (1.5) 26 (1.2) r 42 (2.0)

Sweden 100 (0.1) 94 (0.7) 51(1.3) 17 (1.3) 66 (1.2)
Data provided by students. An“r“indicates data are available for at least 70% but less than 85% of the students. An“s”
() Standard errors appear in parentheses. indicates data are available for at least 50% but less than 70% of the students.
Exhibit 4.8 Frequency of Computer Use for Mathematics Outside of Class TIMSSAdvancedp{[i:]

Advanced Mathematics

Almost Every Day Once or Twice aWeek | About Once a Month | Never or Almost Never

Country Percent Average Percent Average Percent Average Percent Average
of Students |Achievement| of Students |Achievement| of Students |Achievement| of Students [Achievement

Armenia 12 (1.4) 469 (17.3) 14 (1.2) 444 (10.9) 10 (1.1) 448 (13.2) 65 (1.7) 428 (4.1)
Iran, Islamic Rep. of 1(0.2) o 4(0.4) 488 (15.8) 12(0.7) 492 (10.1) 83 (0.8) 499 (6.0)
Italy 3(04 436 (18.7) 10 (0.9) 447 (133) 13 (1.0) 464 (10.7) 73(1.4) 447 (13)
Lebanon 4(0.6) 530 (10.0) 14 (1.2) 528 (5.3) 22(0.8) 554 (3.9) 60 (1.3) 548 (2.8)
Netherlands 2(0.4) ~ o~ 7(09) 561(7.2) 19 (1.5) 558 (3.7) 72(1.8) 551(3.0)
Norway 4(1.0) 431(15.7) 8(13) 452 (11.7) 9(0.9) 439 (11.8) 79 (2.5) 438 (4.7)
Philippines 2(03) ~ 24 (1) 337 (7.1) 28 (1.0) 350 (7.7) 46 (1.5) 369 (6.0)
Russian Federation 6(0.5) 545 (9.4) 19 (1.3) 565 (9.7) 19 (1.1) 574 (8.9) 56 (1.9) 557 (7.2)
Slovenia 10 (0.7) 462 (6.8) 13(0.9) 451(7.9) 19 (1.5) 457 (8.6) 59 (1.6) 460 (4.3)
Sweden 1(0.2) o 3(04) 447 (14.2) 7(0.7) 416 (11.8) 88 (0.9) 43 (53)
Data provided by students. A tilde (~) indicates insufficient data to report achievement.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

mias. TIMSS & PIRLS
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Working with a Mathematics Tutor and Preparing for
Mathematics Tests

As described in Chapter 1, in almost all of the 10 countries
participating in TIMSS Advanced 2008, mathematics students write
public examinations that have serious consequences for their future
educational opportunities and life chances. In this situation, students
may have recourse to mathematics tutors or other outside support to
help them improve their mathematics knowledge and understanding.
Exhibit 4.9 shows, however, that the practice is relatively rare among
the advanced mathematics students in the TIMSS Advanced 2008
countries, with only Armenia and the Russian Federation having
appreciable percentages of students working with a mathematics tutor
as often as once a week (41% and 45%, respectively). In all countries
except Armenia, the students who never or almost never work with a
tutor had higher mathematics achievement that those who sought help
even occasionally.

According to Exhibit 4.10, advanced mathematics students in the
TIMSS Advanced countries prepare for tests or examinations quite
frequently. In 7 of the 10 countries, the majority of students reported
preparing for a test at least once a month; and, of these, in Armenia,
Lebanon, and the Philippines, the majority of students reported
preparing for a test about once a week. Studying for a test was less
common in the Netherlands, Norway, and Sweden, where the majority
of students reported preparing for a test about five times a year. Across
the participating countries, there was no discernible relationship
between frequency of testing and mathematics achievement.

zemias TIMSS & PIRLS

@wh, |nternational Study Center

Lynch School of Education, Boston College
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Exhibit 4.9 Frequency of Working with Mathematics Tutor TIMSSAdvancedfliliL:

Advanced Mathematics

More than Once a Week About Once a Week About Once a Month

Country Percent Average Percent Average Percent Average
of Students | Achievement | of Students | Achievement | of Students | Achievement

SOURCE: IEATIMSS Advanced 2008 ©

Armenia 36 (1.9) 469 (5.9) 50 450 (31.5) 1(0.2)

Iran, Islamic Rep. of 8 (1.1) 483 (15.9) 8(0.8) 494 (13.4) 1(0.3) ~~
Italy 5(0.5) 427 (14.5) 11(1.3) 417 (10.0) 3(0.6) 400 (15.8)
Lebanon 7(0.7) 505 (6.6) 7(0.6) 503 (6.1) 3(0.5) 506 (8.2)
Netherlands 1(0.2) ~ o~ 4(0.7) 533 (8.7) 1(0.3) ~ o~
Norway == == == == == ==
Philippines 2(0.6) ~~ 2(0.3) ~~ 1(0.2) ~~
Russian Federation 17 (1.2) 544 (10.1) 28 (1.7) 554 (8.9) 1(0.2) ~ =
Slovenia 1(0.2) ~ o~ 5(0.8) 400 (12.8) 4(0.5) 393 (10.9)
Sweden == == == == == ==

Once in a While
When | Need Extra Help

Percent Average Percent Average
of Students | Achievement | of Students | Achievement

Never or Almost Never

Country

Armenia 14(1.2) 421 (12.5) 45(2.2) 417 (53

Iran, Islamic Rep. of 12 (0.9) 482 (9.5) 71 (1.6) 503 (6.5)

Italy 34(1.5) 425 (8.8) 47 (1.5) 479 (8.1)

Lebanon 16 (1.0) 532 (4.3) 67 (1.2) 559 (2.8)

Netherlands 12 (1.0) 529 (4.9) 82(13) 559 (3.0)

Norway b o= == ==

Philippines 29(1.2) 340 (7.5) 66 (1.2) 364 (5.8)

Russian Federation 11(0.8) 549 (9.1) 43 (2.1) 575 (8.4)

Slovenia 27(1.2) 418 (5.4) 62 (1.4) 486 (4.1)

Sweden == == == ==
Data provided by students. () standard errors appear in parentheses. Because results are rounded to the nearest
A dash (-) indicates comparable data are not available. Norway and Sweden did not collect whole number, some totals may appear inconsistent.
this information. According to the NRCs of these countries, tutors are not used. Atilde (~) indicates insufficient data to report achievement.
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Exhibit 4.10 Frequency of Preparing for Mathematics Test or Examination TIMSSAdvanced{di]

Advanced Mathematics

About Once a Week About Once a Month About 5 Times a Year
Country Percent Average Percent Average Percent Average
of Students | Achievement | of Students | Achievement | of Students | Achievement

I

SOURCE: [EATIMSS Advanced 2008 ©

Armenia 53(2.1) 442 (5.3) 22 (2.0) 435(9.5) 4(0.7) 474(209)
Iran, Islamic Rep. of 27 (1.7) 523 (9.8) 54 (1.6) 498 (6.7) 9(0.9) 489 (6.8)
Italy 38(1.8) 442 (5.9) 49 (1.8) 464 (8.7) 8(09) 431(1.5)
Lebanon 50(1.2) 543 (3.0) 40 (1.1) 550 (3.8) 5(07) 547 (8.4)
Netherlands 9(09) 543 (4.3) 15 (1.6) 543 (3.9) 64 (2.3) 555(3.2)
Norway 1(0.4) ~ e~ 39 (4.0) 437 (6.6) 55(3.8) 444 (5.9)
Philippines 76 (1.3) 350 (5.5) 16 (1.0) 367 (8.9) 4(04) 393 (16.6)
Russian Federation 4(19) 541 (7.4) 38(1.2) 565 (7.4) 9(0.8) 586 (7.7)
Slovenia 30 (1.4) 444 (6.8) 44(1.5) 463 (4.7) 21(1.6) 466 (4.8)
Sweden 0(0.1) ~ 21(2.0) 397 (8.6) 60 (1.9) 428 (5.6)
About Twice a Year Never
of Students | Achievement | of Students | Achievement
Armenia 9(1.1) 421 (13.1) 11(1.2) 414 (8.9)
Iran, Islamic Rep. of 8 (1.1) 448 (13.4) 3(0.4) 431(14.8)
Italy 2(03) ~~ 3(0.6) 401 (18.1)
Lebanon 3(0.4) 530 (12.8) 1(0.3) ~~
Netherlands 10(1.9) 560 (5.2) 1(03) ~~
Norway 4(0.7) 425 (15.0) 1(0.2) ~~
Philippines 1(0.2) ~~ 3(0.4) 363 (15.9)
Russian Federation 7(09) 611 (11.6) 3(04) 597 (15.4)
Slovenia 3(0.5) 456 (15.1) 2(03) ~~
Sweden 11(1.8) 435 (7.0) 8(0.8) 332(10.2)
Data provided by students. Artilde (~) indicates insufficient data to report achievement.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.
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Students’ Reasons for Studying Advanced Mathematics

As discussed earlier, the students studying the advanced mathematics
assessed by TIMSS Advanced were a very select group in all countries,
representing the most mathematically educated students in their age
groups. Since it is very important to attract these students to study
advanced mathematics in the first place, and then to retain them for
tertiary-level study of mathematics and a career involving mathematics,
it is useful to know what factors attracted them to the study of
mathematics. Exhibits 4.11, 4.12, and 4.13 present student reports on
three reasons for studying advanced mathematics—having a positive
affect toward mathematics, good teachers and teaching, and advice
from others.

Exhibit 4.11 summarizes students’ responses to three statements
about having a positive orientation toward mathematics as a reason for
studying advanced mathematics:

» I enjoy solving mathematical problems.
» I usually do well in mathematics.

» Advanced mathematics lessons are interesting.

Students were asked to indicate the degree of importance of each
reason in deciding to study advanced mathematics. In Exhibit 4.11,
students were assigned to one of four categories of the positive
orientation factor—very important, important, unimportant, and very
unimportant—according to their average response across the three
statements based on a 4-point Likert scale. The exhibit shows the
percentage of students in each of the four categories for each country,
together with the average mathematics achievement for each category.
Countries are ordered by the percentage of students in the “very
important” category.
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Exhibit 4.11 Students’ Reasons for Studying Advanced Mathematics - TIMSSAdvance 2oos
Students Have Positive Affect Toward Mathematics Advanced Mathematics
Ve mporan | mporn_ | Unmporim_|_vryunimpornt |
Students [Achievement| Students [Achievement| Students [Achievement| Students [Achievement
Lebanon 64 (1.4) 551(2.7) 31(13) 536 (3.8) 4(0.5) 536 (9.7) 0(0.2) ~ o~
Philippines 38 (1.4) 366 (7.0) 50 (1.0) 349 (6.1) 10 (0.7) 347 (7.8) 2(0.3) ~ e~
Armenia r 38(22) 470 (5.1) 37 (2.5) 434 (8.7) 18 (1.7) 394 (7.3) 8(0.8) 418 (18.3)
Iran, Islamic Rep. of 38(1.2) 522 (8.0) 39 (1.0) 493 (6.2) 18 (1.0) 471 (8.7) 5(0.6) 447 (10.7)
Russian Federation 24(0.9) 588 (7.3) 49 (1.0) 561 (8.7) 22(1.) 538 (6.8) 4(0.4) 527 (11.0)
Norway 24(1.7) 481 (6.0) 47 (1.1) 440 (5.3) 23(0.9) 411 (5.2) 6(0.7) 384 (8.3)
Slovenia 23 (0.9) 496 (5.9) 44(1.2) 464 (4.4) 24 (13) 437 (5.7) 9(0.8) 393 (8.6)
Sweden 22(1.2) 490 (7.8) 37 (1.6) 433 (5.9) 26 (1.5) 372 (6.0) 15 (1.3) 329 (6.8)
Italy 18 (1.1) 493 (8.3) 38 (1.4) 459 (8.4) 25(1.3) 438 (8.3) 19(1.3) 399 (9.3)
Netherlands 17 (1.3) 580 (4.8) 53(1.4) 554 (3.2) 25(1.4) 537 (3.1) 5(0.7) 523 (5.5)

Based on students’ responses to three statements about why students study advanced
mathematics: 1) | enjoy solving mathematical problems; 2) | usually do well in
mathematics; and 3) Advanced mathematics lessons are interesting. Average is computed
across three statements based on a 4-point Likert scale: 1. Very important; 2. Important;
3. Unimportant; 4. Very unimportant. Very important indicates an average response score
of 1 to less than 1.75. Important indicates an average of 1.75 through 2.5. Unimportant
indicates an average response score of greater than 2.5 through 3.25. Very unimportant
indicates an average greater than 3.25 through 4.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

A tilde (~) indicates insufficient data to report achievement.
An“r"indicates data are available for at least 70% but less than 85% of the students.

Exhibit 4.12 Students’ Reasons for Studying Advanced Mathematics -
Good Teachers and Teaching

Very Important

Important

TIMSSAdvancedp{['}:}
Advanced Mathematics

Very Unimportant

Unimportant

Students |Achievement| Students |Achievement| Students [Achievement| Students |Achievement

Armenia r 60 (2.0) 447 (5.2) 30 (2.1) 426 (9.8) 6(13) 439 (19.2) 4(0.8) 463 (18.8)
Russian Federation 55 (2.0) 559 (7.3) 37 (1.5) 565 (8.5) 5(0.6) 560 (10.2) 3(0.5) 551 (17.8)
Philippines 54 (1.4) 346 (6.1) 40 (1.0) 364 (6.3) 4(0.6) 398 (14.2) 1(0.2) ~ o~
Lebanon 47 (13) 540 (2.8) 35(1.3) 547 (3.6) 10 (0.7) 558 (5.2) 8(0.6) 561 (7.6)
Iran, Islamic Rep. of 29 (1.4) 486 (6.7) 38(1.2) 501 (6.9) 14.(0.9) 507 (10.0) 19 (1.3) 503 (9.0)
Slovenia 29(1.9) 472 (6.0) 47 (1.1) 458 (4.6) 16 (1.3) 452 (7.0) 8(0.7) 426 (7.8)
Sweden 28(1.9) 429 (7.0) 45(1.5) 42159 16 (1.1) 405 (8.2) 12(1.2) 365 (8.8)
Italy 24(1.5) 454 (8.5) 43(2.0) 451(7.7) 16 (1.1) 452 (103) 17 (1.8) 433 (10.1)
Norway 20 (1.6) 435(7.2) 47 (1.5) 441 (5.2) 20 (1.1) 450 (6.4) 13 (1.4) 426 (10.1)
Netherlands 15 (1.6) 552 (5.7) 50 (1.3) 553 (2.8) 23 (1.1) 554 (3.6) 12 (1.0) 550 (4.9)

Based on students’ responses to the two statements about why students study advanced
mathematics: 1) Advanced mathematics has good teachers; and 2) | like the way advanced
mathematics is taught in my school. Average is computed across the two statements
based on a 4-point Likert scale: 1. Very important; 2. Important; 3. Unimportant; and 4. Very
unimportant. Very important indicates an average response score of 1 to less than 1.75.
Important indicates an average of 1.75 through 2.5. Unimportant indicates an average
response score of greater than 2.5 through 3.25. Very unimportant indicates an average
greater than 3.25 through 4.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

A tilde (~) indicates insufficient data to report achievement.

An“r"indicates data are available for at least 70% but less than 85% of the students.
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Perhaps not surprisingly, students in all countries considered
having a positive orientation toward mathematics to be important
in choosing to study advanced mathematics. In every country, the
majority of students (ranging from 56% in Italy to 95% in Lebanon)
considered a positive orientation to be important or very important
to their decision. Across the participating countries, students who
considered a positive orientation to be important for choosing to
study mathematics had higher average mathematics achievement than
students who thought it less important.

Having mathematics teachers who are good mentors and role
models and being exposed to good teaching are obvious positive
sources of influence on the decision to study advanced mathematics.
Exhibit 4.12 presents students’ responses to two statements about good
teachers and teaching as reasons for studying advanced mathematics:

» Advanced mathematics has good teachers.

» Ilike the way advanced mathematics is taught in my school.

Again, students were asked to indicate the degree of importance of each
one in deciding to study advanced mathematics. As in the previous
exhibit, students were assigned to one of four categories of the good
teaching factor—very important, important, unimportant, and very
unimportant—according to their average response based on a 4-point
Likert scale. Exhibit 4.12 shows the percentage of students in each of the
four categories for each country, together with the average mathematics
achievement for each category. Countries are ranked by the percentage
of students in the “very important” category.

Although, in general, a large majority of students in all countries
were in agreement that good teaching was an important reason to
study advanced mathematics, there was a wide range in the degree of
emphasis across countries, ranging from Armenia, where 60 percent
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of students considered good teaching to be very important, to the
Netherlands, where the corresponding figure was just 15 percent. In
Iran, Sweden, Italy, Norway, and the Netherlands, about one fourth
to one third of the advanced mathematics students indicated that
good teaching was unimportant in the decision to study advanced
mathematics. There was no consistent relationship across countries
between mathematics achievement and reporting that good teaching
was an important reason for studying advanced mathematics.

The third set of students’ reasons for choosing to study advanced
mathematics involved advice from others—parents, teachers, school
advisors—as well as simply doing what their friends were doing. More
specifically, there were four statements about advice from others as
reasons for studying advanced mathematics:

» My parents advised me to study advanced mathematics.
» A teacher advised me to study advanced mathematics.
» My friends also are studying advanced mathematics.

» The <study coordinator/mentor>2 of my school advised me to
study advanced mathematics.

As with the other sets of reasons, students were asked to indicate the
degree of importance of each reason in choosing to study advanced
mathematics. As in the previous exhibits, students were assigned to one
of four categories of the advice-from-others factor—very important,
important, unimportant, and very unimportant—according to their
average response based on a 4-point Likert scale. Exhibit 4.13 shows
the percentage of students in each of the four categories for each
country, together with the average mathematics achievement for each
category. Countries are ordered by the percentage of students in the
“very important” category.

2 National Research Coordinators replaced the term <study coordinator/mentor> with a culturally appropriate term.
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Exhibit 4.13 Students’ Reasons for Studying Advanced Mathematics - Advice from Others

Very Important Important Unimportant Very Unimportant g

Students |Achievement| Students |Achievement| Students |Achievement| Students |Achievement

Armenia r 29 (1.6) 436 (5.4) 48 (2.1) 435 (6.5) 17 (1.4) 441 (10.0) 7(12) 497 (16.3) é

Philippines 14.(0.9) 304 (6.6) 51(1.3) 341 (6.1) 28 (1.6) 392 (6.0) 6 (0.6) 423 (9.9) %

Iran, Islamic Rep. of 9(0.8) 451(8.7) 30(1.2) 474 (1.2) 34(13) 497 (6.7) 27 (13) 541 (8.1) §

Lebanon 6(0.7) 519 (6.4) 27 (1.2) 533 (4.0) 38(1.2) 547 (3.2) 29 (1.4) 561 (4.1) ’
Russian Federation 5(0.6) 555 (11.1) 37(1.1) 551(8.0) 43(1.1) 565 (7.7) 16 (1.0) 577 (7.9)
Italy 3(04) 440 (25.9) 16 (0.9) 442 (5.9) 33(13) 447 (7.6) 48 (1.5) 453 (8.3)
Slovenia 1(0.3) ~ o~ 17(1.2) 457 (7.9) 48 (13) 456 (4.6) 33(1.2) 462 (5.8)
Norway 1(0.3) = 21(1.0) 421(6.3) 50 (1.5) 438 (5.3) 28 (1.3) 458 (6.5)
Sweden 1(0.3) ~ o~ 12 (1.0) 400 (9.2) 42(1.4) 409 (6.4) 45 (1.5) 424 (5.9)
Netherlands 0(0.1) o 13 (0.8) 546 (4.9) 51(1.8) 551 (3.0) 36 (1.8) 558 (3.4)
Based on students’ responses to the four statements about why students study advanced () Standard errors appear in parentheses. Because results are rounded to the nearest

mathematics: 1) My parents advised me to study advanced mathematics; 2) A teacher whole number, some totals may appear inconsistent.

advised me to study advanced mathematics; 3) My friends also are studying advanced
mathematics; and 4) The <study coordinator/mentor> of my school advised me to
study advanced mathematics. Average is computed across the four statements based
on a 4-point Likert scale: 1. Very important; 2. Important; 3. Unimportant; and 4. Very
unimportant. Very important indicates an average response score of 1 to less than 1.75.
Important indicates an average of 1.75 through 2.5. Unimportant indicates an average
response score of greater than 2.5 through 3.25. Very unimportant indicates an average
greater than 3.25 through 4.

Atilde (~) indicates insufficient data to report achievement.
An“r"indicates data are available for at least 70% but less than 85% of the students.
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In general, students considered advice from others to be a relatively
less important reason for studying advanced mathematics than having
a positive orientation or good teaching, with the majority of students in
all countries except Armenia and the Philippines indicating that advice
from others was unimportant or very unimportant. In Italy, Slovenia,
Sweden, and the Netherlands, more than 8o percent of students were
in these categories. Furthermore, it appears that the less able students
were more likely to rely on advice from others in deciding to study
advanced mathematics, as in every country, the students with the
highest achievement were those reporting that advice from others was
very unimportant.

Areas of Future Study for Students of Advanced Mathematics

A solid grounding in mathematics is a prerequisite for future study
in mathematics and engineering, as well as branches of many other
disciplines such as science, computer and information science,
business, and the health and social sciences. Students’ reports of the
areas in which they intended to pursue further study are summarized
in Exhibit 4.14. Almost all (96% or more) advanced mathematics
students in the participating countries, with the exception of Italy
(86%), indicated that they planned to continue their education after
finishing secondary school.

It is clear from Exhibit 4.14 that students who studied advanced
mathematics in secondary school planned to study a variety of subjects
in their post-secondary careers. Engineering was the most popular
choice, with more students choosing it than any other in half of the 10
countries—Iran, Lebanon, the Netherlands, Norway, and Sweden. In
addition, 20 percent or more of the students in Italy, the Philippines,
and the Russian Federation chose engineering for their future area of
study. After engineering, business was the next most popular choice,
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Exhibit 4.14 Advanced Mathematics Students’ Aspirations for Future Study 2008
Percent of Students with Intended Area of Study

Percent of

Students .
Country Intending S, °':E:ter Social | Other

to Continue | Science | ¢ o |Engineering Information Science A

Education Science el
Armenia 96 (0.6) 4(0.7) 11(0.9) 3(0.9) 26 (2.4) 13(1.8) 7(0.9) 4(0.7) 31(1.6)
Iran, Islamic Rep. of 100 (0.1) 4(0.4) 1(03) 82 (0.9) 3(0.5) 4(0.5) 1(0.3) 1(0.2) 5(0.6)
Italy 86 (1.5) 9(0.9) 17 (0.8) 20(13) 13(1.1) 4(0.6) 2(0.5) 10 (0.8) 25(13)
Lebanon 100 (0.1) 4(0.5) 3(0.4) 66 (1.3) 4(0.4) 7(0.6) 7(0.8) 1(0.2) 9(0.8)
Netherlands 100 (0.1) 15(0.9) 15(1.1) 41(1.5) 9(0.9) 6 (0.6) 5(0.5) 4(0.4) 7(0.6)
Norway 99 (0.2) 8(0.7) 18(1.2) 32(1.6) 14 (1.0) 5(0.7) 1(0.3) 9 (0.6) 12 (1.1)
Philippines 100 (0.1) 7(0.5) 23(13) 21(1.2) 21(13) 11(0.9) 2(0.4) 6(0.7) 9(0.9)
Russian Federation 100 (0.0) 6 (0.5 4(0.8) 22 (1.0) 25(1.1) 19 (1.4) 5(0.6) 10 (0.7) 9(0.5)
Slovenia 100 (0.1) 14(1.1) 8(0.8) 13(1.2) 12(1.2) 5(0.7) 3(0.4) 34(1.5) 10 (0.8)
Sweden 99 (0.2) 16 (1.4) 17 (1.0) 22 (1.4) 9(0.7) 9(1.3) 2(0.4) 8 (0.6) 16 (1.5)

Data provided by students.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: IEA TIMSS Advanced 2008 ©
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with more than 20 percent of students in Armenia, the Philippines, and
the Russian Federation choosing this option. Relatively few students
in any country (less than 20 percent) chose science, computer and
information science, or mathematics as their area of future study; only
the Philippines had more than 20 percent choosing health science, and
only Slovenia more than 20 percent choosing social science. More than
20 percent of students in Armenia (31%) and Italy (25%) chose a field of
study other than those listed above.

To provide a more detailed perspective on the subject areas that
advanced mathematics students planned to study after secondary school,
Exhibit 4.15 presents the percentage of females choosing each subject
area for each country and the percentage of males. If there were no
differences in gender preferences, the percentages for females and males
in a subject area for a country would be the same (and would be equal
to the corresponding entry in Exhibit 4.14). Engineering and computer
and information science were the subject areas with the greatest gender
differences in students planning to study them, with the percentage
of males exceeding the percentage of females in every country in
engineering and in computer and information science in all countries
except Iran and Lebanon. In contrast, health science and social science
were the areas of choice for females more often than by males in most
countries—in 7 of the 10 countries for health science and in 8 countries
for social science. In science, the only gender difference was in Slovenia,
with a greater percentage of males than females planning future study
in this area. Similarly, there were few gender differences in business,
although more males than females chose this area in Armenia, and more
females than males in the Philippines and the Russian Federation. In
mathematics, the only difference was in Lebanon, where the percentage
of females was higher. Finally, more females than males chose the
“other” field of study in 5 of the 10 countries, including Armenia, Iran,
the Philippines, the Russian Federation, and Sweden.
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Exhibit 4.15 Advanced Mathematics Students’ Aspirations for Future Study by Gender

SOURCE: [EATIMSS Advanced 2008 ©

Percent of Students by Intended Area of Study

Country Science Health Science Engineering

Armenia 3(1.0) 5(1.0) 13(12) © 8(1.3) 2(0.8) 6(15 © 21(27) 32(33) ©
Iran, Islamic Rep. of 4(0.6) 3(0.5) 2(0.5) 1(0.3) 79 (1.7) 85(1.0) © 3(0.8) 2(0.5)
Italy 9(1.2) 9(13) 26(20) © 12(09 8(1.6) 27(1.6) © 11(1.8) 13 (1.4)
Lebanon 5(0.9) 3(0.6) 4(1.0) 2(0.5) 55 (2.5 70(15) © 5(1.0) 4(0.6)
Netherlands 16 (1.6) 15(1.2) 36 (25 © 9(1.0) 23(2.7) 46 (1.6) © 6(1.4) 9(1.0)
Norway 9(1.2) 8(0.9) 3122) © 9(1.0) 20 (1.6) 40022 0 13(15 15 (1.3)
Philippines 7(0.6) 8(0.9) 27(15) © 15(159) 13(1.2) 3518 © 24014 © 17(17)
Russian Federation 6(0.7) 6(0.7) 509 © 3(0.9) 10 (0.9) 321 ©  36(13) © 16(11)
Slovenia 11(1.4) 18(1.8) © 10(1.2) 7(1.2) 6(0.9) 2526 © 12014 11(1.5)
Sweden 17 (1.5) 16 (2.0) 29(1.6) © 9(0.8) 10 (1.3) 31(1.8) © 9(1.4 10 (0.8)

Percent of Students by Intended Area of Study

Country Comp.uter apd Mathematics Social S Other Field of Study
Information Science

cience

Armenia 10 (1.4) 16 (2.8) © 6(1.2) 9(1.4) 6(12) © 2(09) 3922 © 219
Iran, Islamic Rep. of 4(0.9) 3(0.5) 1(0.5) 1(0.4) 1(0.4) 1(03) 6(12) © 3(0.5)
Italy 1(0.4) 7010 © 3(0.8) 2(0.7) 15014 © 6(0.7) 27 (2.2) 24(1.7)
Lebanon 7(1.0) 7(0.8) 12(1.8) © 5(0.8) 2(05) 1(0.2) 11 (1.6) 8(1.0)
Netherlands 1(0.6) 7007) © 5(12) 5(0.6) 6(1.1) © 3(04) 8(1.5) 6(0.7)
Norway 1(0.3) 8(1.0) © 1(0.8) 1(0.4) 12(12) © 8(0.8) 13 (1.6) 11(1.3)
Philippines 10 (1.1) 14(1.00 © 2(04) 2(0.6) 8(09) © 4(0.8) 10(1.0) © 6(0.8)
Russian Federation 8(0.8) 27(18) © 6(0.8) 5(0.7) 17012 © 5(0.5) 13(09) © 6 (0.6)
Slovenia 2(0.6) 1(14) © 3(0.7) 3(0.5) 45019 © 18(1.6) 11(1.3) 9(0.9)
Sweden 1(0.3) 14(18) © 2(0.6) 2(0.5) 13(11) © 5(0.6) 19021 © 14(15)
Q Significantly higher than other gender
Data provided by students. An“r"indicates data are available for at least 70% but less than 85% of the students.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.
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Chapter 5

Advanced Mathematics
Teachers and Instruction
in Mathematics

To help place students’ achievement in advanced mathematics in the
context of their school and classroom situations, TIMSS Advanced
asked students’ teachers to complete questionnaires about their
educational preparation to teach advanced mathematics, their school
and classroom situations, and the instructional practices they used
in teaching advanced mathematics to the students assessed. This
chapter begins by presenting teachers’ reports about their background
characteristics, education, and participation in professional activities
and development. The second part of the chapter provides information
about a number of aspects of their pedagogical approach to the
teaching of mathematics, including the predominant learning activities
and technology used as well as the roles of homework and assessment.

Results are generally shown as the percentages of students whose
teachers reported various situations. That is, the student is the unit
of analysis so that TIMSS Advanced 2008 can describe the students’
classroom contexts. The exhibits have special notations when relatively
large percentages of students did not have teacher questionnaire
information. For a country where teacher responses were available for
70 to 84 percent of the students, an “r” is included next to its data,
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and in rare cases where teacher responses were available for 50 to 69
percent of students, an “s” is included.

Background Characteristics of Advanced Mathematics Teachers

This section presents information about the background characteristics
of the teachers of advanced mathematics, including gender, age, and
years of teaching experience. As shown in Exhibit 5.1, Italy was the
only country in which approximately equal proportions of advanced
mathematics students were taught by male and female mathematics
teachers: 54 percent female, and 46 percent male. In the other
participating countries there was a clear majority in favor of one gender
over the other. In Armenia, the Philippines, the Russian Federation,
and Slovenia, most teachers at this level were women. In Iran, Lebanon,
the Netherlands, Norway, and Sweden, most were men. At the extremes,
in the Russian Federation, 9o percent of the advanced mathematics
students were taught by women; while in Lebanon, 9o percent were
taught by men.

Exhibit 5.1 also presents teachers’ reports about their age and
teaching experience. Perhaps the most striking feature of these results
is that two thirds or more of the advanced mathematics students in
Lebanon, the Netherlands, and Norway were taught by teachers who
were at least 50 years old. In Sweden, the figure was almost 60 percent
and in Armenia and Italy was about 45 percent. On the other hand,
55 percent of Iranian students and 61 percent of Philippine students
were taught by teachers less than 4o years old. The Philippines had by
far the greatest percent of students being taught by teachers less than
30 years old.

As might be expected, the advanced mathematics students were
taught by highly experienced teachers. Reported years of experience
ranged from a low of 14 years in the Philippines, who had a much
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Exhibit 5.1 Advanced Mathematics Teachers’ Gender, Age, and Number of Years Teaching

Percent of Students by Teacher Characteristics Average Number of %
m Age Years Teaching g
Country Teaching §
29 Years 50 Years Teaching Mat:tetr::tics §
or Under or Older Altogether Advanced %
Level §
Armenia 76 (4.6) 24 (4.6) 0(0.0) 10 (2.4) 44 (5.4) 46 (5.4) 25(09) s 13(1.2)
Iran, Islamic Rep. of 33(2.5) 67 (2.5) 6(2.3) 49 (3.8) 31(34) 13 (2.5) 17 (0.6) 9(0.3)
Italy 54 (5.4) 46 (5.4) 2(1.4) 10 (3.0) 43 (4.7) 45 (4.6) 22 (0.9) 12 (0.8)
Lebanon 10 (1.5) 90 (1.5) 3(0.9) 13(1.9) 20 (2.0) 65 (2.4) 27 (0.5) 25 (0.5)
Netherlands 14 (3.5) 86 (3.5 3(2.0) 10 (2.1) 20 (4.8) 67 (5.2) 27 (1.1) 17 (1.1)
Norway 18 (3.9) 82 (3.9) 1(0.7) 8(23) 19 (4.2) 73 (43) 27 (0.9) 26 (0.9)
Philippines 63 (4.4) 37 (4.4) 25(4.2) 36 (4.4) 25 (4.5) 14 (3.8) 14 (1.0) 5(0.5)
Russian Federation 90 (2.7) 10 (2.7) 1(0.6) 13 (3.0) 36 (5.2) 51(5.2) 26 (0.8) 12 (0.8)
Slovenia 76 (5.1) 24 (5.1) 4(1.9) 34 (5.8) 32(5.9) 30 (5.5) 18 (1.1) 14(0.7)
Sweden 19 (3.8) 81(3.8) 2(1.1) 18 (4.0) 22 (33) 58 (4.0) 22 (1.0) 9(0.7)
Data provided by teachers. An“s”indicates data are available for at least 50% but less than 70% of the students.
() Standard errors appear in parentheses.
Exhibit 5.2  Teachers’ Plans to Continue Teaching Advanced Mathematics

Percent of Students by Their Teachers’ Plans to Continue Teaching

Plan to Continue | Plan to Continue
Teaching Until the Teaching for

Country Plan to Continue

SOURCE: IEATIMSS Advanced 2008 ©

Teaching aslong Opportunity for a Awhile But. Undgciqed
i " | Seterlobin | probably il | ot THsTime
Comes Along of Education

Armenia 87(2.7) 1(0.0) 0(0.0 12(2.7)
Iran, Islamic Rep. of 84 (2.9) 10 (2.4) 2(1.1) 4 (1.4)
Italy 84(3.7) 8(2.5) 3(22) 5(2.2)
Lebanon 80 (1.9) 12 (1.5) 3(0.9) 5(1.2)
Netherlands 93 (2.6) 2(1.8) 2(1.7) 2(17)
Norway 79 (5.2) 1(1.0) 2014 18 (5.0)
Philippines 75 (4.8) 17 (4.1) 3(1) 5(2.7)
Russian Federation 73 (4.1) 1(1.0) 8(22) 18 (3.7)
Slovenia 58 (5.6) 5(2.0) 1(1.0) 35(5.7)
Sweden 67 (3.8) 4(23) 6 (2.6) 24 (43)

Data provided by teachers.

() Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.

TIMSS & PIRLS
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larger proportion of younger teachers than was the case in other
countries, to a high of 27 years in Lebanon, the Netherlands, and
Norway. Teachers in Armenia (25 years) and the Russian Federation (26
years) were nearly as experienced. Interestingly, teachers in Lebanon
and Norway had spent nearly all of their careers teaching advanced
mathematics, while in other countries teachers typically reported that
only about half of their total years teaching had been spent teaching
advanced mathematics.

Teachers were also asked about their plans for the future, insofar
as teaching advanced mathematics was concerned. The results, shown
in Exhibit 5.2, indicate that most of the advanced mathematics teachers
in these countries plan to continue their teaching careers, although
significant percentages in some countries—18 percent in Norway
and the Russian Federation, 24 percent in Sweden, and 35 percent
in Slovenia—were undecided about their future plans. Few teachers
in any of the participating countries indicated that they planned to
leave the field of education or even that they planned to look for a
different position within the field of education. It appears that teachers
of advanced mathematics in these countries like their jobs and plan to
continue in them at least for a while.

Teacher Education for Teaching Advanced Mathematics

Exhibit 5.3 indicates that virtually every teacher of advanced
mathematics in all of the participating countries had a university
degree, either at the undergraduate or graduate level. Students in all
countries had highly educated teachers (with the possible exception
of 5 percent in Lebanon and 1 percent in Norway). In general, the
teachers of advanced mathematics in the participating countries
who had completed postgraduate university degrees had from five to
seven years of university study or even more. Essentially all advanced
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Exhibit 5.3

Percent of Students by Their Teachers’
Educational Level

Country Completed %‘)n'?v’;ﬁtif:
Postgradgate But Not a
%’;“’fe':ﬁ’ Postgraduate

9 Degree***
Armenia 97 (0.1) 3(0.1)
Iran, Islamic Rep. of 27 (3.3) 73 (3.3)
Italy 12(3.2) 88 (3.2)
Lebanon 43 (2.4) 52 (2.5)
a Netherlands 65(5.2) 35(5.2)
b Norway 71 (4.7) 29 (4.7)
Philippines 32 (4.5 68 (4.5)
¢ Russian Federation 79 (3.6) 21(3.6)
d Slovenia 100 (0.0) 0(0.0)
Sweden 48(5.2) 52(5.2)

Data provided by teachers.

*  Based on countries’ categorization to UNESCO's International Standard Classification

of Education (Operational Manual for ISCED-1997).
Level 5A, second degree or higher on the ISCED scale.
*** Level 5A, first degree on the ISCED scale.

2 In the Netherlands, most teachers who have completed a postgraduate university
degree have a university degree in mathematics or physics requiring 3 years of
study at the bachelor’s level and 2 years at the master’s level, and one year of special
teacher training. Recently, it has been possible to obtain a 2-year “education master”
equivalent to a master’s degree. Also, a few teachers in this category have a PhD.
Teachers who have completed university but not a postgraduate degree have
completed 4 years at a teacher training institute (or college) and obtained a diploma
equivalent to a bachelor’s degree. To be a teacher at the advanced level of the
pre-university track, it also is necessary to complete postgraduate work at a teacher

*k

Highest Educational Level of Advanced Mathematics Teachers*

Did Not
Complete
University

TIMSSAdvancedpli[i}]

Advanced Mathematics

SOURCE: IEA TIMSS Advanced 2008 ©

training institute, but this is not considered equivalent to a university’s master’s
degree.

Norwegian teachers who have completed postgraduate study typically have master’s
degrees requiring 5-7 years of university study.

In the Russian Federation, teachers with a postgraduate university degree have
completed 5-6 years of higher education, ending with defending a thesis to obtain a
diploma (equivalent to a master’s degree), and also have passed state examinations.
Some teachers in this category may have two diplomas or a doctoral degree.
Slovenian teachers all have obtained a diploma based on completing 4 years of
university study followed by a successful thesis (equivalent to a master’s degree).
Some have a master’s degree based on an additional 2 years of study or a doctoral
degree based on 4 years of additional study.

Standard errors appear in parentheses. Because results are rounded to the nearest
whole number, some totals may appear inconsistent.
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mathematics students in Armenia and Slovenia had teachers who
had completed postgraduate study as did 79 percent in the Russian
Federation, 71 percent in Norway, and 65 percent in the Netherlands.

Teachers were asked to indicate which, from a list of several
choices, had been a “major or main area(s) of study” for them in their
post-secondary studies. The options available were mathematics,
mathematics education, physics, science education, engineering,
general education, and other. Teachers were free to identify more than
one main area of study, so the percents for each country total more
than 100. The results are presented in Exhibit 5.4.

Eighty-five percent or more of the students in six countries had
teachers that had specialized in mathematics, including Armenia, Iran,
Norway, the Russian Federation, Slovenia, and Sweden. Also, two thirds
or more had teachers that had specialized in mathematics education
in six countries, including Armenia, Lebanon, the Netherlands, the
Philippines, the Russian Federation, and Sweden. The results indicate
that the majority of students in all of the participating countries had
teachers with mathematics or mathematics education or both as major
or main areas of concentration in their post-secondary education. In
Norway (63%) and Sweden (70%), substantial proportions of advanced
mathematics students had teachers that also said that physics had been
a main area of their program. The teachers of Italian students, for the
most part, appear to have specialized either in mathematics or physics.

Exhibit 5.5 presents brief descriptions of national requirements for
being a teacher of advanced mathematics in each of the participating
countries. There is a high degree of commonality across all of these
descriptions. Basically, teachers of advanced mathematics in all of these
countries are required to have an extensive tertiary level academic
background in mathematics and in teacher education. Passing an
examination is a requirement in four of the countries—Italy, Lebanon,
the Philippines, and Slovenia.
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Exhibit 5.4  Teachers’ Major or Main Area(s) of Study

Country

TIMSSAdvancedpl [}
Advanced Mathematics

Percentage of Students by Their Teachers’ Major or Main Area(s)
of Study in Their Post-secondary Education

Education- Physics Education- Engineerin Education-
Mathematics Y Science 9 9 General

Armenia 96 (1.6) 77 (3.6) 24 (4.2) 0(0.0) 25 (4.9) 13 (4.2)
Iran, Islamic Rep. of 85 (3.0) 46 (3.9) 1(0.9) 5(1.8) 9(2.7) 6(2.1) 6(1.8)
Italy 64 (5.3) -- 30 (4.8) -- 5(23) -- 35(5.2)
Lebanon 62 (2.2) 82 (1.9) 12(1.2) 6(1.3) 4(1.1) 12 (1.5) 12 (1.5)
Netherlands 49 (5.1) 72 (4.7) 13(3.7) 2(1.1) 4(2.0) - - 19 (4.7)
Norway 98 (1.2) 6(27) 63 (4.6) 1(1.1) 12(3.2) 24 (4.8) 65 (4.4)
Philippines 65 (4.4) 71(5.1) 6(2.1) 3(1.6) 12(33) 22 (5.0) 11 (4.9)
Russian Federation 100 (0.2) 68 (4.0) 16 (2.7) 12 (2.7) 12 (3.1) 46 (4.6) 12 (2.6)
Slovenia 92(3.2) 9(3.1) 3(1.9 3(1.9) 3(1.8) 0(0.0) 1(0.6)
Sweden 86 (3.4) 67 (4.5) 70 (4.3) 41(53) 14 (4.1) 20 (4.1) 19 (4.9)

Data provided by teachers. A dash (-) indicates comparable data are not available.

() Standard errors appear in parentheses.

Exhibit 5.5 TIMSSAdvancedPIL)

Armenia

Iran, Islamic Rep. of

Italy

Lebanon

Netherlands

Norway

Philippines

Russian Federation

Slovenia

Sweden

development in advanced mathematics highly desirable.

Teachers need at least a bachelor’s degree in mathematics.

Teachers need to have taken a national examination and completed a degree in mathematics, physics, or

engineering.

Teachers must have a degree in mathematics, pass an admission examination to a Faculty of Pedagogy at

Lebanese University, and complete 2 years of pedagogical study.

Teachers either have a university master’s degree in mathematics followed by a 1-year university education
course, or have attended a polytechnic college obtaining a bachelor’s degree in mathematics (education)

followed by a master’s course in mathematics education.

Teachers are required to have a university bachelor’s degree consisting of 1 full year (60 credit points) of
mathematics courses. They also need 1 year of teacher education courses, consisting of general pedagogy,

mathematics education, and teaching practice in schools.

National Requirements for Being a Teacher of Advanced Mathematics

Teachers need the Certificate of Higher Education, with certificates of mathematics education and of professional

Advanced Mathematics

SOURCE: [EATIMSS Advanced 2008 ©

Teachers must be at least an education graduate, major in mathematics, pass the licensure exam for teachers
(LET), and be literate in using ICT technology in teaching.

Teachers need the Certificate of Higher Education, with certificates of mathematics education and of professional
development in advanced mathematics highly desirable.

To obtain a teaching license, it is necessary to complete mathematics study together with some pedagogical

courses at the Faculty for Mathematics and Physics, teach under supervision of a seminar teacher for 1year, and
pass a teaching certification examination organized by the ministry.

Teachers of advanced mathematics have at least 1 year of university study in mathematics as well as a total of at

least 3.5—4 years of study in academic subject areas. A degree in teacher education is also expected.

Data provided by National Research Coordinators.
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Advanced Mathematics Teachers’ Professional Activities
and Development

Teachers in most countries have a choice of a number of professional
associations or organizations available to them. They may, as a condition
of employment, be required to join, or at least pay membership dues
to, the teachers’ union that bargains with their employers regarding
salaries, working conditions, and the like. However, they may also
choose to become members of a professional association, either local
or national, that brings together teachers with similar backgrounds
and interests to discuss professional matters and promote the cause of
mathematics education, for example.

As the results in Exhibit 5.6 make clear, teachers of advanced
mathematics in the countries participating were unlikely to belong to
a professional organization of mathematics teachers and even less likely
to participate regularly in activities sponsored by such organizations.
The Netherlands had the largest percentage of students (69%) being
taught advanced mathematics by a teacher who belonged to a
professional organization of mathematics teachers, and in six countries
less than 40 percent of the students were taught by teachers belonging
to such an organization. Results regarding participation in professional
activities were not any more encouraging. Apparently, teachers of
advanced mathematics in these countries do not have the opportunity
to join professional organizations or do not see much need to join such
organizations or to participate in activities sponsored by them.

The teachers of advanced mathematics were presented with five
statements relating to their participation in a range of professional
activities. The activities included attending workshops or conferences,
making a presentation at a workshop or conference, having an article
published in a journal or magazine directed at teachers, taking part in

zemias TIMSS & PIRLS

@wh, |nternational Study Center

Lynch School of Education, Boston College
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Exhibit 5.6  Teachers’ Participation in a Professional Organization for Mathematics Teachers = TIMSSAdvancedelili}}

Armenia

Iran, Islamic Rep. of

Italy

Lebanon

Netherlands

Norway

Philippines

Russian Federation

Slovenia

Sweden

Data provided by teachers.

Percent of Students
Whose Teacher
Was a Member

of a Professional
Organization
for Mathematics
Teachers

33(34)
34(3.8)
18 (3.7)
26 (2.2)
69 (5.9)
15 (5.0)
57 (5.4)
55(3.6)
51(5.7)
24 (5.1)

Percent of
Students Whose
Teacher Regularly
Participated in
Activities Sponsored
by a Professional
Organization
for Mathematics
Teachers

40 (3.2)
26 (3.6)
29 (4.9)
38(22)
34(5.5)

8(3.1)
67 (5.2)
18 (3.0)
43(5.5)
12 (3.3)

Advanced Mathematics

SOURCE: IEA TIMSS Advanced 2008 ©

() Standard errors appear in parentheses.
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an innovative project for curriculum and instruction, and exchanging
information online about teaching mathematics. Students whose
teachers had participated in three or more of these activities were
categorized at the high level of participation. Those whose teachers
had not participated in any of these activities were categorized at the
low level, and all the rest were categorized at the medium level.

The information about teachers’ participation in professional
activities is summarized in Exhibit 5.7. In the table, the countries are
presented in descending order of the percentage of students whose
teachers were classified at the high level of participation. Also, the
results are presented in relation to students’ average achievement,
although there was little relationship between more participation by
teachers and higher achievement except in the Russian Federation.

In the Russian Federation, Slovenia, and the Philippines, less than
10 percent of students were taught by teachers who were classified at
the low level of participation in professional activities; all the rest, over
90 percent, were taught by teachers who reported a high or medium
level of participation. Results from the other countries were rather
disappointing, with over 20 percent of students in six countries taught
by teachers who had low levels of participation. In Norway, this was
the case for 44 percent of the students.

Another questionnaire item asked teachers whether or not they
had participated in professional development in one or more of six
areas related to mathematics teaching in the previous two years. The
areas were: mathematics content, mathematics pedagogy or instruction,
mathematics curriculum, integrating information technology into
mathematics, improving students’ critical thinking or problem-solving
skills, and mathematics assessment.

The results presented in Exhibit 5.8 indicate that in 8 of the
10 countries (everywhere except Lebanon and Norway) the most

. TIMSS & PIRLS
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Exhibit 5.7 Index of Teachers’ Participation in Professional Activities in Mathematics (PAM) TIMSSAdvancedp{i}:]
Advanced Mathematics
Country Percent Average Percent Average Percent Average
of Students Achievement of Students Achievement of Students Achievement

Russian Federation 46 (4.6) 575(9.4) 49 (4.6) 552 (10.0) 5(1.8) 524 (123)
Slovenia 30 (5.9) 460 (10.3) 61 (5.9) 458 (6.0) 8(2.8) 450 (11.2)
Philippines 24 (4.5) 350 (13.4) 68 (4.8) 359 (7.9) 8(3.2) 342 (32.4)
Iran, Islamic Rep. of 22 (3.1) 502 (16.6) 61 (3.6) 487 (7.3) 18 (2.8) 524 (11.7)
Lebanon 17 (2.1) 548 (5.7) 45 (2.4) 546 (3.0) 38 (2.0) 543 (3.9)
Norway 13 (3.6) 447 (8.5) 43 (5.1) 444 (8.1) 44 (5.7) 432 (7.6)
Armenia 12 (3.4) 440 (31.7) 56 (4.5) 437 (10.0) 32(29) 429 (7.3)
Sweden 12 (3.9) 411 (26.5) 63 (5.4) 417 (6.1) 25 (4.9) 413 (8.3)
Italy 10 (3.1) 427 (24.1) 65 (4.7) 453 (8.4) 25 (4.4) 445 (15.9)
Netherlands 9(3.2) 553 (9.1) 71 (5.1) 554 (2.4) 20 (4.1) 550 (4.7)

Based on teachers' responses to five statements about their participation in professional participated in three or more of the five activities were assigned to the high level.

activities: 1) Attended a workshop or conference; 2) Gave a presentation at a workshop Students whose teachers did not participate in any activities were assigned to the low

or conference; 3) Published an article in a journal or magazine for teachers (print or level. All other students were assigned to the medium level.

online); 4) Took part in an innovative project for curriculum and instruction; and 5) () Standard errors appear in parentheses. Because results are rounded to the nearest

Exchanged information online about how to teach mathematics. Students whose teachers whole number, some totals may appear inconsistent.

Exhibit 5.8 Teachers’ Participation in Professional Development

Advanced Mathematics

Percent of Students Whose Teachers Participated in Professional Development
in Various Areas of Mathematics in the Past Two Years

: Improving
Country : Mathematics : Integran'ng Students’ Critical :
Mathematics Mathematics Information S Mathematics
C Pedagogy/ . : Thinking or
ontent I : Curriculum Technology into : Assessment
nstruction M : Problem-solving
athematics :
Skills
Armenia 81(3.4) 87 (1.7) 75 (4.3) 44 (4.2) 57 (5.0) 67 (4.5)
Iran, Islamic Rep. of 45 (3.7) 63 (3.7) 34 (3.7) 25(3.1) 29 (3.2) 24 (3.3)
Italy 46 (5.4) 50 (5.6) 19 (4.2) 39 (4.5) 15 (3.6) 19 (3.9)
Lebanon 33(23) 36 (2.4) 27 (2.1) 29 (1.9) 41(2.3) 42 (2.8)
Netherlands 62 (4.7) 36 (5.9) 41 (6.6) 25 (4.9) 12 (3.6) 6(2.4)
Norway 42 (4.6) 31(4.8) 47 (4.5) 53 (5.3) 6(2.1) 26 (4.0)
Philippines 84 (3.8) 75 (3.9) 70 (4.0) 58 (4.0) 58 (4.9) -—
Russian Federation 79 (5.1) 68 (3.8) 66 (4.3) 72 (43) 55 (4.5) 57 (4.5)
Slovenia 88 (3.4) 81 (3.6) 52 (5.8) 66 (5.3) 42 (6.7) 68 (5.9)
Sweden 51(5.3) 52 (6.0) 33 (4.3) 34(5.2) 32 (3.8) 52 (4.6)
Data provided by teachers. A dash (-) indicates comparable data are not available.

() Standard errors appear in parentheses.

TIMSS & PIRLS
International Study Center
Lynch School of Education, Boston College

SOURCE: IEA TIMSS Advanced 2008 ©

SOURCE: [EATIMSS Advanced 2008 ©
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common professional development activities for teachers focused
on either mathematics content or mathematics pedagogy and
instruction. In general, significantly greater percentages of students in
Armenia, the Philippines, the Russian Federation, and Slovenia were
taught by teachers who had participated in professional development
related to mathematics teaching within the past two years than in the
other six countries.

Previous cycles of TIMSS have shown that the extent of
professional collaboration among mathematics teachers in the same
school varies widely across countries, and Exhibit 5.9 shows that the
same is true for teachers of advanced mathematics in the participating
countries. On a positive note, the results show that the majority of
students in every country were taught by teachers who consulted with
colleagues in their school about pedagogical matters several times each
month. In fact, in six countries, more than 8o percent of students had
teachers that met with their colleagues at least several times a month or
even weekly. On the other hand, more than a third of students in Iran,
Italy, the Netherlands, and Slovenia were taught by teachers who rarely,
if ever, consulted with colleagues in their school about pedagogical
matters such as how to teach a particular concept, worked collegially
to prepare instructional materials, observed a colleague’s teaching, or
invited a colleague to observe their teaching.

Exhibit 5.10 presents school principals’ reports about how teachers
of advanced mathematics were evaluated in each of the participating
countries. The results are shown in terms of the percentage of students
in each country taught by teachers who were evaluated on the basis
of classroom observations by the school principal or a senior staff
member, classroom observations by an external examiner or inspector,
student achievement, or teacher peer reviews.
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Exhibit 5.9 Frequency of Collaboration Among Advanced Mathematics Teachers TIMSSAdvancedfiu ]

Advanced Mathematics

Percent of Students by Their Teachers’ Frequency
of Collaboration with Other Teachers

2or 3 Times Never or
RS WIE per Month Almost Never

Country

SOURCE: [EATIMSS Advanced 2008 ©

Armenia 30 (3.5) 70 (3.6) 1(1.0)

Iran, Islamic Rep. of 7(23) 59 (4.2) 35(4.2)

Italy 7(2.7) 53(3.9) 39 (4.2)

Lebanon 17 (1.9) 64 (1.9) 19(1.7)

Netherlands 0(0.0) 55 (5.0) 44 (5.0)

Norway 9(2.1) 72 (4.4) 19 (4.1)

Philippines 16 (3.9) 73 (3.9) 12(3.1)

Russian Federation 35(3.5) 59 (4.2) 6 (2.0)

Slovenia 4(1.6) 53 (5.9) 43 (5.8)

Sweden 9(3.1) 75 (5.4) 17 (5.0)
Based on teachers' responses to four statements about types of interactions among were provided on a 4-point Likert scale: 1) Never or almost never; 2) 2 or 3 times per
advanced mathematics teachers: discussion about how to teach a particular concept, month; 3) 1-3 times per week; 4) Daily or almost daily.
IiTher eaching, and nformalobsenvation afmy casiroom by another eache esponses <ncerderors3ppestn paretheses. Becauseresuls are roundec 10 th nearest
Exhibit 5.10 Schools’ Reports on Ways They Evaluate Mathematics Teachers’ Practices TIMSSAdvancedp{[i1]

Advanced Mathematics

Percent of Students by Ways Their Schools
Evaluate Mathematics Teachers’ Practice

Observations by

Observations by Inspectors or

SOURCE: I[EA TIMSS Advanced 2008 ©

the P|:incipa| or Other Persons Acﬁ::\?:r:tent TeaRceh‘ZL‘IZ’eer
Senior Staff External to the
School
Armenia 96 (0.4) 45(0.7) 96 (0.1) 91(0.4)
Iran, Islamic Rep. of 74 (4.5) 43 (5.2) 98 (1.4) 41 (5.1)
Italy 62 (6.4) 3(1.8) 93(3.1) 30(5.9)
Lebanon 89 (1.9) 42 (2.4) 95 (1.0) 60 (2.4)
Netherlands r 19(5.2) r 29(5.2) r 85(3.5) r 36 (5.7)
Norway 26 (4.7) 3(2.1) 81(5.5) 35(6.4)
Philippines 99 (0.7) 68 (4.3) 97 (1.1) 83 (3.8)
Russian Federation 99 (0.9) 68 (4.0) 100 (0.0) 89 (2.6)
Slovenia 91(2.4) 8(24) 84 (3.3) 48 (5.9)
Sweden 58 (5.3) 11 (3.9) 90 (3.7) 44 (5.7)
Data provided by schools. An“r"indicates data are available for at least 70% but less than 85% of the students.

() Standard errors appear in parentheses.
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Evaluation of teachers on the basis of their students’ achievement
is frequently portrayed, by teachers and others, as inherently unjust
since it does not take into account differences in students’ abilities,
work habits, and the like. In spite of such opposition, for these teachers
of advanced students, it was by far t