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CoMMISSIONER’S STATEMENT

The Third International Mathematics and Science Study—Repeat (TIMSS-R) is the latest
chapter in one of the most comprehensive and rigorous international studies of school-
ing and student achievement ever conducted. TIMSS-R, conducted in 1999, comes four
years after TIMSS, and was designed to focus on the mathematics and science achieve-
ment of eighth-grade students. NCES and the National Science Foundation (NSF)
supported the United States’ participation in TIMSS-R to provide an update on the
mathematics and science performance of U.S. eighth-grade students originally detailed
in the 1995 TIMSS study. This report, Pursuing Excellence: Comparisons of International
Mathematics and Science Achievement from a U.S. Perspective, 1995 and 1999, presents
initial findings on how our eighth-grade students fared on TIMSS-R and whether there
have been significant changes in achievement in the four years since TIMSS.

TIMSS-R addresses the mission of NCES to gather and publish information on the
status and progress of education in the United States and other nations, and continues
the tradition of U.S. participation in international comparative studies of mathematics
and science education since the 1960s. TIMSS-R represents an advancement in tradi-
tional studies because it is the first international study specifically designed to track
changes in achievement. The data on mathematics and science achievement collected in
TIMSS-R can be compared to the 1995 TIMSS data to identify changes between the
eighth-grade students of yesterday and today, and relative changes between fourth-grade
students 4 years earlier and their classmates 4 years later. While the same students did
not participate in both studies, a scientific sampling of the two groups of students
provides the most accurate picture available of their mathematics and science perform-
ance from an international comparative perspective. Information from TIMSS-R, in
combination with what we have learned from the National Assessment of Educational
Progress (NAEP), provides an opportunity to take stock of mathematics and science
performance of our students.

One of the most important steps in making good decisions is to have good data.
TIMSS-R fills that need and is one of the many surveys and assessments conducted by
NCES that can be used by U.S. educators, parents, policymakers, and business leaders to
make important decisions that will improve student learning. In addition to data on
student performance, TIMSS-R includes a wealth of information on the context within
which student learning takes place, such as teaching practices, students’ study habits,
teacher training and professional development, and school policies. Taken into consid-
eration with other knowledge about the education systems of participating nations,
TIMSS and TIMSS-R provide a thoughtful and in-depth look into what our eighth-
grade mathematics and science teachers teach and what our eighth-grade students learn
in comparison to their counterparts in other nations of the world.

In conclusion, TIMSS-R is a learning experience. The information presented in this
report is presented in a straightforward way, and is not intended to determine whether
U.S. performance is good or bad. Rather, it is intended to provide you, the reader, with



the most accurate and up-to-date information available. The importance of this infor-
mation, and its impact on American education, will depend on how it is used to improve
our mathematics and science education. My colleagues and I invite everyone dedicated
to enhancing the quality of our nation’s mathematics and science education to make the
fullest possible use of this rich resource.

Gary W. Phillips December 2000
Acting Commissioner of Education Statistics



NSF DIRECTOR’S STATEMENT

It is critical that students in the United States achieve at high levels in mathematics and
science. The position of the U.S. in the world economy, the continuing demand for well-
trained mathematicians and scientists, and the need for an informed citizenry able to
make intelligent public-policy decisions about important economic, medical, and envi-
ronmental issues all depend upon it.

Studies such as TIMSS-R help us place the achievement of U.S. students into an inter-
national context and thus provide important additional sources of information for
evaluation of student abilities. The National Science Foundation (NSF) has co-funded
the TIMSS-R study and has actively participated in its management for this reason.

The careful design of the TIMSS-R study provides an opportunity to analyze trends in
the achievement of eighth-grade students in the 23 countries that participated in both
1995 and 1999. The results show that U.S. eighth-grade students continue to perform at
the international average in science and just below the international average in mathe-
matics, with no statistically significant changes in their level of achievement from 1995
to 1999. Indeed, this is true for most of the countries participating in both years,
although some countries (e.g., Canada) did make significant gains. A thorough analysis
of the reasons for these exceptional gains may provide insight into possible strategies for
improving education in the United States.

The timing of TIMSS-R allows us to compare results across grades in the 17 nations that
participated in both the fourth-grade TIMSS in 1995 and the eighth-grade TIMSS-R in
1999. It is disturbing that the international ranking across these 17 nations of the U.S.
eighth-grade students is relatively poor in both mathematics and science when
compared with that of U.S. fourth-graders in 1995. This confirms the disappointing
showing of our eighth-grade students in international comparisons, and demonstrates
that the decline in relative performance during the middle school years is a continuing
and serious problem.

The initial TIMSS study indicated that student achievement is the result of multiple
factors. In schools, curriculum, teacher qualifications, and high expectations for all
students are critical. Other factors, such as the educational resources available to the
family, also may be key to student success. For example, achievement differences found
between student groups or by type of school may be narrowed or eliminated when
parent education and home resources are used in the analyses.

This first TIMSS-R report does not analyze the relationships between contextual vari-
ables and student achievement. However, it contains a preliminary comparison of the
U.S. with other nations on a number of factors. For example, U.S. eighth-grade teachers
are less likely to have majors and minors in mathematics and science than their coun-
terparts in most other countries. This finding is consistent with other reports such as
Before It’s Too Late: A Report to the Nation from the National Commission of Mathematics
and Science Teaching for the 21st Century.



We look forward to further analysis of the data in this report, the release of data from 27
U.S. benchmarking jurisdictions that engaged in TIMSS-R as if they were separate
nations, and the companion classroom video studies. These will enrich our under-
standing of the factors that contribute to the disappointing achievement levels of U.S.
eighth-grade students. Similar detail from the 1995 TIMSS study revealed the impor-
tance of rigorous mathematics and science curricula and alerted researchers to the need
for teachers to have deep content knowledge in order to use those curricula successfully
and achieve high standards for all students.

NSF is pleased to have supported this important study and report. The data contained
within the TIMSS-R study will be used for years to understand issues and trends in the
teaching of mathematics and science. Simply said, it is an invaluable resource.

o Elanl

Rita R. Colwell December 2000
Director
National Science Foundation
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CHAPTER 1—INTRODUCTION

The National Science Foundation (NSF), the U.S.
Department of Education’s Office of Educational
Research and Improvement (OERI), and the
National Center for Education Statistics (NCES)
joined together to support the participation of the
United States in the Third International
Mathematics and  Science  Study-Repeat
(TIMSS-R), a successor to the 1995 Third
International Mathematics and Science Study
(TIMSS).! The joint research effort has produced
rich information on the mathematics and science
performance of U.S. eighth-grade students. This
report, Pursuing Excellence: Comparisons of
International Eighth-Grade Mathematics and
Science Achievement from a U.S. Perspective, 1995
and 1999 presents initial findings from the
TIMSS-R study.

Why are international
comparisons of education
important?

International comparisons of student achieve-
ment and various background factors related to
teaching and learning have been conducted for
over 30 years. Many observers believe that such
comparisons can help policymakers, researchers,
teachers, and parents understand what other
nations do to further the educational achievement
of their populations. Some also believe that if the
United States wants to remain internationally
competitive, we need to better understand how
our students perform in critical areas such as
mathematics and science. Moreover, some are of
the opinion that international assessments are one
way of seeing what our national, state, and local
standards mean in a world context. In short, inter-
national assessments can expand comparisons of
educational achievement to other systems outside
the United States; aid in our understanding of the
possible reasons for observed differences in
achievement; document the many varied educa-
tion and learning practices around the world; geta
sense of resources available to students in different
nations; and improve the study of education itself
(Board on International Comparative Studies in
Education, 1990; Medrich and Griffith 1992).

Why a repeat of TIMSS?

The series of NCES reports on the 1995 TIMSS
study described the mathematics and science
performance of U.S. students in comparison to
their peers at three different grade levels (NCES
1996, 1997¢, 1998, 2000a).2 The 1995 TIMSS
assessments revealed that U.S. fourth-graders
performed well in both mathematics and science
in comparison to students in other nations, U.S.
eighth-grade students performed near the inter-
national average in both mathematics and science,
and U.S. twelfth-graders scored below the interna-
tional average and among the lowest of the TIMSS
nations in mathematics and science general
knowledge, as well as in physics and advanced
mathematics.

The participation of the United States in TIMSS
heightened the nation’s interest in improving
mathematics and science education. Although
work on improving mathematics and science
education began years before TIMSS, results from
TIMSS have had an impact on the way the United
States thinks about mathematics and science
education (Welch 2000).

TIMSS-R continues the tradition of international
comparative study of mathematics and science
education begun in the 1960s. The contribution of
TIMSS-R is unique, however, because its design
makes it possible to track changes in achievement
and certain background factors from the earlier
TIMSS study—a first for any international study.
Moreover, TIMSS-R is the first international
assessment that provides some indication of the
pace of educational change across nations,
informing expectations as to what can be
achieved. TIMSS-R provides valuable information
on the state of education in the United States and
other nations in 1999.

Thirty-eight nations chose to compare the mathe-
matics and science performance of their students
in 1999. However, unlike TIMSS, the 1999
TIMSS-R study focused on eighth-grade students
only. TIMSS-R allows the United States to
compare the achievement of its eighth-graders in

ITIMSS collected data during the 1994-95 school year. TIMSS-R collected data during the 1998-99 school year. For convenience,
reference will be made to 1995 and 1999, respectively, throughout this report.

2See appendix 1 for a brief list of TIMSS-related publications.



the original TIMSS to the scores of its eighth-
graders four years later in TIMSS-R. It also
provides an opportunity for the United States to
compare the relative performance of a cohort of
fourth-graders in 1995 to the relative performance
of a cohort of eighth-graders 4 years later in 1999.3
In short, TIMSS-R should help us understand the
overall progress that our schools, teachers, and
students are making toward achieving excellence
in mathematics and science.

What questions does this
report address?

This report highlights initial findings on the
performance of U.S. eighth-grade students relative
to students in other nations on the TIMSS-R
assessment. This report also describes the mathe-
matics and science performance of students in
participating nations at two points in time: 1995
and 1999.

In general, this report addresses the following
questions:

B How does the mathematics and science
knowledge of U.S. eighth-grade students
compare to that of students in other nations?

B Has the level of mathematics and science
knowledge of eighth-grade students changed
since 1995, and has the relative international
standing of U.S. eighth-grade students
changed in the 4 years since the original
TIMSS?

B How does the relative performance of U.S.
eighth-grade students in 1999 compare to the
relative performance of U.S. fourth-grade
students 4 years earlier, in 1995?

B How do nations compare on education-
related background factors studied in
TIMSS-R?
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Performance in the United States is presented
relative to that of other nations that participated
in each assessment.# Comparisons in this report
are made among the 38 nations that participated
in TIMSS-R in 1999; among 23 nations that
participated in both TIMSS and TIMSS-R at the
eighth-grade level; and among the 17 nations that
participated at the fourth-grade level in TIMSS
and at the eighth-grade level in TIMSS-R.5 This
report is based on the comparative data published
in the reports TIMSS 1999 International
Mathematics Report: Findings from IEA’s Repeat of
the Third International Mathematics and Science
Study at the Eighth Grade (Mullis et al. 2000) and
TIMSS 1999 International Science Report: Findings
from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade
(Martin et al. 2000).

What issues does this report
not address?

Findings from comparisons between the results of
TIMSS and TIMSS-R cannot be interpreted to
indicate the success or failure of mathematics and
science reform efforts in the United States.
TIMSS-R was designed to specifications detailed
in the TIMSS curriculum frameworks (Robitaille
et al. 1993). International experts developed the
TIMSS curriculum frameworks to portray the
structure of the intended school mathematics and
science curricula from many different nations, not
specifically the United States. Thus, when inter-
preting the findings, it is important to take into
account the mathematics and science curricula
likely encountered by U.S. students in school.
TIMSS and TIMSS-R results are most useful when
they are considered in light of other knowledge
about education systems, including not only
curricula, but also factors such as trends in educa-
tion reform, changes in the school-age
populations, and societal demands and expecta-
tions.

3Comparisons of fourth- and eighth-graders between TIMSS and TIMSS-R are made on the basis of two sets of cross-sectional,

nationally representative samples.

4Participants in TIMSS and TIMSS-R are referred to as nations throughout the text. However, several of the participants are not
independent jurisdictions, as is the case for Hong Kong, Special Administrative Region (SAR), Belgium-Flemish, and Chinese

Taipei.

5Throughout the text “grade 8” refers to the middle-school grade sampled for TIMSS-R as well as the higher of the two middle-
school grades sampled for TIMSS; “grade 4” refers to the higher of the two elementary school grades sampled for TIMSS. This is
an accurate characterization of the samples for the United States and many of the other nations. Detailed information on the grades
sampled can be found in appendix 2 of this report for TIMSS-R and in Beaton et al. (1996a and 1996b) for TIMSS.
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Change efforts in the United States began years
before TIMSS and TIMSS-R. These efforts to
create change in U.S. schools have been under-
taken at the state and local levels, making it
difficult to determine by solely examining
national-level statistics the extent to which these
efforts have been implemented and the degree and
depth of the changes made. The 4 years between
TIMSS and TIMSS-R is a relatively short amount
of time to expect to see significant change. Finally,
this report focuses on variability in achievement
among nations. It is important to keep in mind
that the range of achievement observed among
nations could also be expected to be observed
within the United States (NCES 1997a and 1997b;
Johnson and Siegendorf 1998). Thus, as will be
shown later in the report, there are U.S. eighth-
grade students who perform among the
top-performing students in the world, and there
are U.S. eighth-grade students who perform
among the lowest performing students in the
world.

This report should also not be construed to
suggest that specific school policies, professional
development techniques, instructional practices,
curricula or change strategies, or combinations of
these will lead to higher levels of achievement. The
factors that may contribute to high achievement
can vary from nation to nation. Nonetheless,
TIMSS-R provides valuable information that can
help the United States reflect on its own perform-
ance relative to other nations as we strive to
improve educational opportunities for all
students.

What is TIMSS-R?

TIMSS-R is the fourth comparison of mathemat-
ics and science achievement carried out by the
International Association for the Evaluation of
Educational Achievement (IEA). IEA conducted
studies of mathematics and science as separate
subjects at various times during the 1960s, 1970s,
and 1980s. The United States participated in each
of these studies. The Third International
Mathematics and Science Study (TIMSS) collected
data during the 1994-95 school year. TIMSS
provided an update on the performance of U.S.
students in mathematics and science during the
mid-1990s and a starting point for a regular cycle

of international assessments in mathematics and
science. Funded by the U.S. Department of
Education, NSF, the Government of Canada, the
World Bank, and participating nations, TIMSS
was the first [EA study to combine both mathe-
matics and science in the same assessment. TIMSS
was also the largest and most comprehensive
international study of educational achievement
ever undertaken.

TIMSS-R follows the earlier TIMSS study by 4
years and focused on the mathematics and science
achievement of eighth-grade students. Most
importantly perhaps, TIMSS-R provides a second
data point in a regular cycle of international
assessments of mathematics and science that are
planned to chart trends in achievement over time,
much like the regular cycle of national assessments
in this nation, such as the National Assessment of
Educational Progress (NAEP), or longitudinal
studies such as the National Educational
Longitudinal Study (NELS:88).

The United States sponsored three additional
components of TIMSS-R that will enrich our
knowledge of education in an international
context:

B TIMSS-R Benchmarking Project—Twenty-
seven states, districts, and consortia of
districts throughout the United States partici-
pated as their own “nations” in this project,
following the same guidelines as the partici-
pating nations. When the findings from the
Benchmarking Project are released in April
2001, these 27 participating jurisdictions will
be able to assess their comparative interna-
tional standing and judge their mathematics
and science programs in an international
context.

B Videotape Classroom Study—the first TIMSS
Videotape Classroom Study examined eighth-
grade mathematics teaching in three nations.
Building on the work of the first TIMSS video-
tape study (Stigler et al. 1999), the TIMSS-R
Videotape Classroom Study has been
expanded in scope to examine national
samples of eighth-grade mathematics and
science instructional practices in seven
nations. The study is designed to present
national-level portraits of mathematics and
science teaching practices that can provide a
more detailed context for understanding



mathematics and science teaching and
learning in the classroom. The first set of
results from the Videotape Classroom Study is
anticipated in late 2001.

B NAEP/TIMSS-R Linking Study—A subsam-
ple of students taking the 2000 state NAEP
mathematics and science assessment also took
the TIMSS-R assessment. This provides an
opportunity to compare students’ perform-
ance on NAEP to their performance on
TIMSS-R, and allows for estimates of how
states participating in NAEP 2000 would have
performed had they participated in TIMSS-R.
Results from the TIMSS-R Benchmarking
Project will be used to check the results of this
linking study. Results will be released in late
2001.

With many states and districts creating content
and performance standards targeted at boosting
student achievement to “world class” levels in
mathematics and science, the Benchmarking
Project can provide reliable data on how state and
district students compare internationally in these
areas. Results from the TIMSS-R Videotape
Classroom Study should also add to our under-
standing of mathematics and science instructional
practices in nations with high student achieve-
ment levels on assessments such as TIMSS.
Findings from the NAEP/TIMSS-R Linking Study
will provide states the opportunity to compare
their students to their peers in other nations.

Which nations participated in
TIMSS—-R?

The IEA invited all nations that participated in the
1995 TIMSS as well as other nations to participate
in the 1999 TIMSS-R. Interested nations met at
international meetings where study plans and
guidelines were discussed. Thirty-eight nations
collected data for TIMSS-R, including 26 that had
participated in TIMSS and 12 that were participat-
ing for the first time. Therefore, depending on the
analysis, the number of nations being compared
between TIMSS and TIMSS-R will change. The 38
nations that participated in TIMSS-R are shown
in figure 1. In addition, figure 1 lists the nations
that participated in both TIMSS and TIMSS-R.
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How was TIMSS-R conducted?

The IEA, a Netherlands-based organization of
education and research institutions from its
member nations, conducted TIMSS-R. The IEA
delegated responsibility for the overall coordina-
tion and management of the project to the
International Study Center at Boston College. The
United States, the World Bank, and participating
nations paid for and carried out data collection
according to international guidelines.

NCES and NSF funded the collection of data in
the United States and also contributed toward
support of the international project. OERI has
contributed additional funding towards the U.S.
portion of the study. Westat, Inc., a private
research firm, handled the data collection in the
United States under contract to the Department of
Education. To help guide the study, NCES and
NSF established a TIMSS-R Technical Review
Panel (TRP). The members of the TRP are experts
in mathematics and science education, assess-
ment, and international comparative studies.

TIMSS-R included two types of data collection
instruments: mathematics and science assessment
items in multiple-choice (77 percent) and free-
response (23 percent) formats; and school,
teacher, and student questionnaires that requested
information to help provide a context for the
performance scores. An international panel of
assessment and content experts, following the
same assessment framework established for
TIMSS, developed the mathematics and science
items in TIMSS-R. Like the TIMSS assessment
items, the TIMSS-R items represent a range of
mathematics and science topics that are included
in the curricula of many different nations and,
thus, not aligned to any particular curriculum. See
appendix 2 for more details on the composition of
the TIMSS and TIMSS-R assessments and how
the achievement scores were derived.
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Figure 1.—Participation in TIMSS and TIMSS-R: 1995 and 1999

Total
Nations

TIMSS-R nations (1999)

TIMSS-R nations that
participated at 8th grade in

TIMSS-R nations that
participated at 4th grade in

Sth grade TIMSS (1995) TIMSS (1995)
Australia Australia Australia
Belgium-Flemish! Belgium-Flemish!
Bulgaria Bulgaria
Canada Canada Canada
Chile
Chinese Taipei
Cyprus Cyprus Cyprus
Czech Republic Czech Republic Czech Republic
England England England
Finland
Hong Kong SAR Hong Kong SAR Hong Kong SAR
Hungary Hungary Hungary
Indonesia

Iran, Islamic Republic of
Israel

Italy

Japan

Jordan

Korea, Republic of
Latvia-LSS3
Lithuania
Macedonia, Republic of
Malaysia

Moldova

Morocco
Netherlands

New Zealand
Philippines
Romania

Russian Federation
Singapore

Slovak Republic
Slovenia

South Africa
Thailand

Tunisia

Turkey

United States

38

Iran, Islamic Republic of
Israel
Italy?
Japan

Korea, Republic of
Latvia-LSS?
Lithuania

Netherlands
New Zealand

Romania

Russian Federation
Singapore

Slovak Republic
Slovenia

South Africa
Thailand

United States

26

Iran, Islamic Republic of

Italy?
Japan

Korea, Republic of
Latvia-LSS3

Netherlands
New Zealand

Singapore

Slovenia

United States

17

IThe Flemish and French educational systems in Belgium participated separately in TIMSS 1995. The Flemish
educational system in Belgium participated in TIMSS-R 1999.
2Italy was unable to provide the International Study Center at Boston College with its data in time for these data to be
included in the international reports for both the fourth and eighth grade in TIMSS 1995. However, its data for
TIMSS 1995 are included in this report.
3Designated LSS because only Latvian-speaking schools were tested.
NOTE: Only nations that completed the necessary steps for their data to appear in the reports from the International
Study Center at Boston College are listed.
SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third
International Mathematics and Science Study at the Eighth Grade. Exhibit A.1. Chestnut Hill, MA: Boston College.




The questionnaires asked for information on
topics such as students’ attitudes and beliefs about
learning, study habits and homework, and their
lives both in and outside of school; teachers’ atti-
tudes and beliefs about teaching and learning,
teaching assignments, class size and organization,
instructional practices, and participation in
professional development activities; and princi-
pals’ viewpoints on policy and budget
responsibilities, curriculum and instruction
issues, student behavior problems, as well as
descriptions of the organization of schools and
courses.

Both public and nonpublic school students in all
participating nations received the TIMSS-R
assessments and questionnaires. Most nations,
including the United States, conducted the assess-
ment 2 to 3 months before the end of the 1998-99
school year. Students with special needs and
disabilities that would make it very difficult for
them to take the test were excused from the assess-
ment as accommodations were not offered in
TIMSS-R in the United States. Each participating
nation documented such exclusions, including the
United States. Each nation translated the assess-
ments and questionnaires into the primary
language or languages of instruction. In the
United States, all materials were in English. The
student assessment portion required approxi-
mately one and a half hours to complete.

All participating nations drew nationally represen-
tative samples of students. In the United States, the
sample consisted of 221 schools and 9,072 eighth-
grade students, which ensured a representative
sample of eighth-grade students in the United
States as a whole. Detailed information on
sampling is provided in appendix 2.

Are the results from TIMSS
and TIMSS-R comparable?

The data collected for TIMSS in 1995 and the data
collected for TIMSS-R in 1999 are comparable
because comparability was built into the design
and implementation. Through a careful process of
review, analysis, and refinement, the assessment
and questionnaire items were purposefully devel-
oped and field tested for similarity and for reliable
comparisons between TIMSS and TIMSS-R. After
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careful review of all available data, including a test
for item reliability between old and new items, the
TIMSS and TIMSS-R assessments were found to
be very similar in format, content, and difficulty
level. Moreover, TIMSS and TIMSS-R data are on
the same eighth-grade scale to allow for reliable
comparisons between the two eighth-grade
cohorts over time. Procedures for conducting the
assessments were the same. Appendix 2 contains
more detailed information on these and other
technical aspects of TIMSS-R.

How can we be sure the data
are comparable across
nations?

TIMSS-R continues the tradition of fair and
accurate international comparisons of student
achievement and other educational factors. It is
not a comparison of other nations’ best students
to our nation’s average students. Moreover,
through the refinement of the scaling process that
allows comparisons within and across nations, the
TIMSS and TIMSS-R achievement scores can be
reliably compared. To ensure the comparability of
data across nations, the International Study
Center at Boston College instituted a series of
strict quality-control procedures. National school
and student samples were rigorously reviewed for
bias and international comparability by the
TIMSS-R Sampling Referee. A professional trans-
lation agency verified the accuracy of translated
materials. Project coordinators in each nation
received thorough training in data collection and
scoring procedures and their work was monitored
for scoring reliability. Quality control staff
conducted site visits in each participating nation
during the testing period to further ensure that
international data collection procedures were
followed. Data from each nation were extensively
reviewed for internal and cross-country consis-
tency.

Nations collected data from a representative
national sample of students, but were permitted to
supplement their student samples to allow for the
analysis of data by variables of national interest. To
obtain reliable comparisons among nations, the
data were appropriately weighted to account for
sampling designs. Sampling and participation rate
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irregularities arose in some nations. These irregu-
larities are clearly noted in this and other
TIMSS-R reports. The United States met all inter-
national sampling and participation guidelines.
More detailed information on quality control can
be found in appendix 2 and the TIMSS 1999
Technical Report from Boston College (Martin and
Gregory 2000).

Finally, it should be noted that in addition to the
38 nations that participated in TIMSS-R in 1999,
this report separately discusses the 23 that partici-
pated in TIMSS at the eighth-grade level,® and the
17 TIMSS-R nations that participated in TIMSS at
the fourth-grade level (see figure 1).7 In order to
make a fair comparison of how U.S. eighth-grade
students in 1999 compared to the eighth-graders
of 1995 or the fourth-graders of 1995, analyses
were conducted only among those nations that
participated in both TIMSS and TIMSS-R.

How does TIMSS-R relate to
other large-scale studies of
mathematics and science
achievement?

TIMSS-R is one of several large-scale studies
designed to examine the mathematics and science
performance of students. Two other large-scale
studies of mathematics and science achievement
are the National Assessment of Educational
Progress (NAEP) and the Program for
International Student Assessment (PISA). NAEP is
an ongoing program that has reported on the
mathematics and science achievement of U.S.
students for some 30 years. PISA is a relatively new
international project and will report results for the
first time in late 2001. These three assessments
were designed with different purposes in mind,

and this is evident in the types of assessment items
as well as the content areas and topics covered in
each assessment.

TIMSS-R and NAEP assess students at the eighth
grade. TIMSS-R is based on the curricula that
students in participating nations are likely to have
encountered by grade 8, while NAEP is based on
an expert consensus of what students in the
United States should know and be able to do in
various academic subjects at that grade. PISA, on
the other hand, focuses on 15-year-old students
(most often tenth-graders in the United States)
and is designed to measure students’ mathematics
and science literacy—that is, students’ ability to
respond to “real life” situations both in and
outside of school. In contrast, TIMSS-R and
NAEP tend to focus on mathematics and science
as it is generally presented in classrooms and text-
books.

All three assessments cover a range of mathemat-
ics and science content areas and topics, but to
different degrees. In mathematics, for example,
TIMSS-R appears to place more emphasis on
number sense, properties and operations than the
other two studies; PISA tends to emphasize data
analysis more than the other two studies; and
NAEP appears to distribute its focus across the
content areas included in its assessment frame-
work more than the other two studies. In science,
TIMSS-R appears to emphasize physical sciences
more than the other two assessments; PISA seems
to have a stronger emphasis on earth science than
TIMSS-R and NAEP; and NAEP appears to
distribute most science items among three content
areas: physical science, earth science, and life
science. As findings from these studies are
released, it is important to understand the differ-
ences and similarities among them to be able to
make sense of the findings in relation to each
other.

OTwenty-six nations participated in the eighth-grade level in TIMSS 1995 and TIMSS-R 1999. Three of the 26 nations—Israel, South
Africa, and Thailand—experienced significant difficulties with meeting international sampling or participation guidelines in 1995.
Therefore, these 3 nations are not included in analyses comparing achievement at the eighth-grade level between 1995 and 1999,
nor are they included in the international averages associated with these comparative analyses.

70f the 42 nations that participated in TIMSS 1995 at the eighth-grade level, 26 also participated in TIMSS-R. Of the 26 nations
that participated in TIMSS 1995 at the fourth-grade level, 17 also participated in TIMSS-R. See table A2.6 in appendix 2 for a com-

plete list of nations.



How is the rest of the report
organized?

The remainder of the report includes three addi-
tional chapters and several appendices:

Chapter 2 describes the relative performance of
U.S. eighth-grade students in mathematics and
science in comparison to their peers in participat-
ing nations. The chapter is divided into three
sections. First, achievement results for TIMSS-R
are described for the United States and the other
37 participating nations, including overall mathe-
matics and science achievement, achievement in
five mathematics content areas and six science
content areas, and proportions of students in the
top 10 percent and top 25 percent of all students.
Sample mathematics and science items are
included to acquaint the reader with the TIMSS-R
assessment. The second section focuses on the 23
nations that participated in TIMSS and TIMSS-R
at the eighth-grade level, describing changes in
mathematics and science achievement over the 4
intervening years. The third section compares the
17 nations that participated in fourth-grade
TIMSS and eighth-grade TIMSS-R, examining
changes in the relative standing of the U.S. 1995
fourth-graders and 1999 eighth-graders.

Chapter 3 focuses on the education-related
contextual factors related to teaching and curricu-
lum that were examined in TIMSS-R. The
chapter is divided into four sections. The first
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section describes mathematics and science teacher
preparation, qualifications, and ongoing profes-
sional development activities. The next section
examines the curriculum in the participating
nations, including the topics covered and empha-
sized in mathematics and science lessons. The
third section provides information on classroom
practices as reported by teachers and students.
The chapter ends with a brief discussion of how
much time eighth-grade students spend studying
mathematics and science outside of school.

Chapter 4 discusses future directions that the
analyses of TIMSS and TIMSS-R data could take.
Several appendices are included in this report to
provide additional information on the technical
aspects of the study as well as more detailed infor-
mation on the analyses presented in the main
chapters of the report.

In addition to the text of this report, supplemental
information is provided in the five appendices.
Appendix 1 contains a selection of publications
that have been produced in relation to TIMSS
1995. Appendix 2 discusses several technical
aspects of the TIMSS and TIMSS-R studies. The
tables in Appendices 3 and 4 provide additional
information on the figures in Chapters 2 and 3,
respectively. Lastly, Appendix 5 provides a supple-
mental table containing comparisons of
mathematics and science achievement of the 54
nations that participated at the eighth-grade level
in either TIMSS, TIMSS-R, or both studies.






CHAPTER 2

MATHEMATICS AND SCIENCE ACHIEVEMENT

KEY POINTS

In 1999, U.S. eighth-graders exceeded the international average in mathematics and science among
the 38 participating nations.

Between 1995 and 1999, there was no change in eighth-grade mathematics or science achievement
in the United States. Among the 22 other nations, there was no change in mathematics achievement
for 18 nations, and no change in science achievement for 17 nations.

There was an increase in mathematics achievement among U.S. eighth-grade black students between
1995 and 1999. There was no change in science achievement for this group of students over the
same period. U.S. eighth-grade white and Hispanic students showed no change in their mathematics
or science achievement over the 4 years.

No differences in performance were found between U.S. eighth-grade girls and boys in mathematics
in 1999, but boys outperformed girls in science.

The relative performance of the United States in mathematics and science was lower for eighth-
graders in 1999 than it was for the cohort of fourth-graders 4 years earlier in 1995.



As indicated in the previous chapter, the primary
intent of conducting TIMSS in 1995 and
TIMSS-R in 1999 was to take the first step in
measuring change in both achievement and
educational context at the international level. This
chapter describes the mathematics and science
achievement of students in the participating
nations. It is divided into three main sections, in
the following order:

B findings for the 38 nations that participated in
TIMSS-R;

B findings for the 23 nations that participated at
the eighth grade in both TIMSS and
TIMSS-RL; and

B findings for the 17 nations that participated at
the fourth grade in TIMSS and eighth grade in
TIMSS-R.

To assist the reader, the number of nations being
compared in each analysis will be made explicit.
This is important, as the number of nations
included in the international average can vary
depending on the frame of reference in the
analysis.

What do the test scores mean?

TIMSS-R test scores are on a scale of 1 to 1,000,
with a standard deviation of 100.2 TIMSS-R test
scores indicate where on the scale a group of
students would fall. In general, the higher the
score on TIMSS or TIMSS-R, the more items
correctly answered by a larger percentage of a
nation’s students. The lower the score on TIMSS
or TIMSS-R, the fewer items correctly answered
by a larger percentage of a nation’s students.
TIMSS and TIMSS-R used item response theory
to create the scale scores. The scales used in TIMSS
and TIMSS-R account for differences in the diffi-
culty of items and allow students’ performance to
be summarized on a common metric. The scales
are thus a simplified method for making compar-
isons between nations. The scales measure
achievement on mathematics and science items

judged by international experts to be appropriate
for eighth-grade students in the participating
nations. Thus, higher performance indicates that
students are more proficient at middle-school
mathematics or science.

For all analyses presented in this report, differ-
ences between averages or percentages that are
statistically significant are discussed using
comparative terms such as “higher” and “lower.”
Differences that are not statistically significantly
are discussed as “similar to” or “not different
from” each other. To determine whether differ-
ences reported are statistically significant,
two-tailed t-tests, at the .05 level, were used.
Bonferroni adjustments are made when more than
two groups are compared simultaneously (e.g.,
black, white, and Hispanic students).

THE MATHEMATICS AND
SCIENCE ACHIEVEMENT OF
EIGHTH-GRADERS IN 1999

This section presents results for the 38 nations that
participated in TIMSS-R in 1999.

National averages for mathematics and science
from the 1999 TIMSS-R assessment are presented,
beginning with figure 2. Though tempting, it is
not correct to report U.S. scores by rank. This is
because the process of estimating each nation’s
score from the sample of students who took the
test produces only an estimate of the range within
which the nation’s real score lies. To conduct a fair
comparison of the United States to other nations,
nations are grouped according to whether their
performance is higher than, not different from, or
lower than the United States, given the margin of
error for the survey. Nations with a national
average higher than the U.S. average are indicated
in the uppermost band of shading. Nations with a
national average lower than the U.S. average are

I'Tienty-six nations participated in TIMSS and TIMSS-R at the eighth grade. Of the 26 nations, 3 nations experienced significant
irregularities in their participation in 1995: Israel, South Africa, and Thailand. Findings for the other 23 nations are reported here.

ZBecause the standard deviation is 100, raw differences between scores can be translated into effect sizes by dividing the raw differ-
ence by the standard deviation. For example, if the raw difference between the scores of two nations is 75, this translates to an effect
size of 0.75 in TIMSS-R. The TIMSS-R scale was developed once a majority of nations had submitted data. At that time, the mean
was set to 500, with a standard deviation of 100. Once the remaining data was submitted by nations, it was fitted to the developed

scale, resulting in an actual mean slightly different than 500.



indicated in the lowermost band of shading.
Nations with a national average not different from
the U.S. average are shown unshaded and, for the
most part, lie between these shaded areas. Note
that the international average—the average of the
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national average scores for all nations combined—
can be compared to the U.S. average in the same
way as a national average and is shaded to indicate
the significance of the difference.

Figure 2.—Average mathematics and science achievement of eighth-

grade students, by nation: 1999

Nation Average
Singapore 604
Korea, Republic of 587
Chinese Taipei 585
Hong Kong SAR 582
Japan 579
Belgium-Flemish 558
Netherlands 540
Slovak Republic 534
Hungary 532
Canada 531
Slovenia 530
Russian Federation 526
Australia 525
Finland! 520
Czech Republic 520
Malaysia 519
Bulgaria 511
Latvia-LSS? 505
United States 502
England 496
New Zealand 491
Lithuania3 482
Italy 479
Cyprus 476
Romania 472
Moldova 469
Thailand 467
(Israel) 466
Tunisia 448
Macedonia, Republic of 447
Turkey 429
Jordan 428
Iran, Islamic Republic of 422
Indonesia 403
Chile 392
Philippines 345
Morocco 337
South Africa 275
| International 487 |

average of 38 nations

Average does not differ significantly from the U.S. average

Average is significantly higher than the U.S. average
Average is significantly lower than the U.S. average

SCIENCE

Nation Average
Chinese Taipei 569
Singapore 568
Hungary 552
Japan 550
Korea, Republic of 549
Netherlands 545
Australia 540
Czech Republic 539
England 538
Finland 535
Slovak Republic 535
Belgium-Flemish 535
Slovenia 533
Canada 533
Hong Kong SAR 530
Russian Federation 529
Bulgaria 518
United States 515
New Zealand 510
Latvia-LSS? 503
Ttaly 493
Malaysia 492
Lithuania3 488
Thailand 482
Romania 472
(Israel) 468
Cyprus 460
Moldova 459
Macedonia, Republic of 458
Jordan 450
Iran, Islamic Republic of 448
Indonesia 435
Turkey 433
Tunisia 430
Chile 420
Philippines 345
Morocco 323
South Africa 243
| International 488

average of 38 nations

IThe shading of Finland may appear incorrect; however, statistically, its placement is correct.

2Designated LSS because only Latvian-speaking schools were tested which represents 61 percent of the population.

3Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the next school year.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines. See appendix 2 for details.

The international average is the average of the national averages of the 38 nations.

SOURCE: Martin etal. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third International Mathematics
and Science Study at the Eighth Grade. Exhibit 1.1. Chestnut Hill, MA: Boston College; Mullis et al. (2000). TIMSS 1999 International
Mathematics Report: Findings from IEA’s Repeat of the Third International Mathematics and Science Study at the Eighth Grade. Exhibit 1.1.

Chestnut Hill, MA: Boston College.



How well did U.S. eighth-
graders perform in 1999?

In mathematics, U.S. eighth-graders exceeded the
international average, outperforming their peers
in 17 of the 37 other TIMSS-R nations, perform-
ing similarly to students in 6 nations, and
performing lower than their peers in 14 nations.
In 1999, the U.S. average score was 502, with other
nations’ average mathematics scores ranging from
604 for Singapore to 275 for South Africa. Among
the top performing nations in 1999 were five Asian
industrialized  nations—Singapore,  Korea,
Chinese Taipei, Hong Kong SAR, and Japan.
Comparisons with five of the Group of Eight (G8)
nations are possible as well: in 1999, the United
States performed significantly better in mathe-
matics than Italy, performed similarly to England,
but was outperformed by Japan, Canada, and the
Russian Federation.3

In science, U.S. eighth-graders exceeded the inter-
national average, outperforming their peers in 18
of the 37 other nations, performing similarly to
students in 5 nations, and performing lower than
their peers in 14 nations. In 1999, the U.S. average
score was 515, with other nations’ average science
scores ranging from 569 for Chinese Taipei to 243
for South Africa. Among the top performing
nations in science were four Asian industrialized
nations—Chinese Taipei, Singapore, Korea, and
Japan—and Hungary. Comparisons with other
participating G8 nations show that the United
States performed significantly better than Italy,
performed on par with the Russian Federation,
but performed lower than Japan, England and
Canada.

When looking across mathematics and science
achievement in 1999, 12 nations outperformed the
United States in both subjects: Australia, Belgium-
Flemish, Canada, Chinese Taipei, Finland,
Hungary, Japan, Korea, the Netherlands,
Singapore, the Slovak Republic, and Slovenia.

Likewise, three nations performed similarly to the
United States in both subjects: Bulgaria, Latvia-
LSS, and New Zealand. Finally, U.S. eighth-graders
outperformed their peers in 17 nations across
both mathematics and science in 1999.4

What percentage of our
students scored at or above
the international top 10
percent benchmark in 1999?

Average achievement scores indicate how the
average student performs, but say little about the
performance of the nation’s students at different
levels. International benchmarks were devised to
provide a view of what proportion of a nation’s
students scored at or near various levels of
achievement. These international benchmarks
give a general indication of the relative distribu-
tion of scores within and across nations. For
example, if a nation has a high average score and a
large percentage of its students at or above the
upper international benchmarks, this indicates
that the nation’s students are concentrated among
the highest achieving students internationally.

TIMSS-R uses four benchmarks: the top 10
percent, the top 25 percent, the upper 50 percent,
and the upper 75 percent. Each benchmark is
based on all eighth-graders from all 38 nations in
1999. This report discusses two benchmarks in
detail: the top 10 percent benchmark, which refers
to the cutoff score that separates the top 10
percent of all students in 1999, and the similar top
25 percent benchmark. In 1999, the top 10 percent
of all students scored 616 or higher in mathemat-
ics and 616 or higher in science (data not shown).
The top 25 percent of all students scored 555 or
higher in mathematics and 558 or higher in
science (data not shown). Detailed information on
these two benchmarks, as well as the upper 50 and
upper 75 percent benchmarks, is found in tables
A3.2 (mathematics) and A3.3 (science) in
appendix 3.

3The United Kingdom, a member of the G8, is represented here by the score for England. France and Germany, the other two mem-

bers of the G8, did not participate in TIMSS-R.

4An analysis of the overall mathematics and science achievement of the 54 nations that participated in TIMSS or TIMSS-R is pro-

vided in appendix 5.



In mathematics, 9 percent of U.S. eighth-graders
scored 616 or higher, placing them among the top
10 percent of all eighth-graders in the 38 nations
in 1999. This is a lower percentage of students
than in 8 nations, a similar percentage as in 13
nations, and a higher percentage than in 16
nations (figure 3). In contrast, 46 percent of

CHAPTER 2—ACHIEVEMENT

Singapore’s eighth-grade students scored 616 or
higher in mathematics in 1999. Among the five
participating G8 nations, only Japan had a signifi-
cantly higher percentage of students who scored at
or above the international top 10 percent bench-
mark (33 percent) than the United States in
mathematics.

Figure 3.—Percentages of eighth-grade students reaching the
TIMSS-R 1999 top 10 percent in mathematics and science

achievement, by nation: 1999

Nation Percent
Singapore 46
Chinese Taipei 41
Korea, Republic of 37
Hong Kong SAR 33
Japan 33
Belgium-Flemish 23
Hungary 16
Slovenia 15
Russian Federation 15
Netherlands 14
Slovak Republic 14
Australia 12
Malaysia 12
Canada 12
Czech Republic 11
Bulgaria 11
United States 9
New Zealand 8
Latvia-LSS? 7
England 7
Finland 6
Romania 5
Italy! 5
(Israel)! 5
Thailand 4
Lithuania3 4
Moldova 4
Cyprus 3
Jordan 3
Macedonia, Republic of 3
Indonesia 2
Turkey 1
Iran, Islamic Republic of 1
Chile 1
Tunisia 0
South Africa 0
Philippines 0
Morocco 0
[ | Average is significantly higher than the U.S. average
:‘ Average does not differ significantly from the U.S. average
Average is significantly lower than the U.S. average

SCIENCE

Nation Percent
Singapore 32
Chinese Taipei 31
Hungary 22
Korea, Republic of 22
England 19
Australia 19
Japan 19
Russian Federation 17
Czech Republic 17
Netherlands 16
Slovenia 16
United States 15
Finland 14
Slovak Republic 14
Bulgaria 14
Canada 14
New Zealand 12
Belgium-Flemish 11
Hong Kong SAR 10
Ttaly 7
Latvia-LSS? 7
(Israel) 7
Malaysia 6
Romania 6
Lithuania3 6
Jordan 4
Moldova 4
Macedonia, Republic of 4
Thailand 3
Cyprus 2
Iran, Islamic Republic of 2
Indonesia 1
Chile 1
Turkey 1
Philippines 1
South Africa 0
Tunisia 0
Morocco 0

IThe shading of Italy, Israel, and Slovenia in mathematics may appear incorrect; however, statistically, their placement is correct.

2Designated LSS because only Latvian-speaking schools were tested which represents 61 percent of the population.

3Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the next school year.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines. See appendix 2 for details.

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third International Mathematics
and Science Study at the Eighth Grade. Exhibit 1.6. Chestnut Hill, MA: Boston College; Mullis et al. (2000). TIMSS 1999 International
Mathematics Report: Findings from IEA’s Repeat of the Third International Mathematics and Science Study at the Eighth Grade. Exhibit 1.6.

Chestnut Hill, MA: Boston College.



In science, 15 percent of U.S. eighth-graders
scored 616 or higher, placing them among the top
10 percent of all students internationally in 1999.
This was a lower percentage of students than in 4
nations, a similar percentage as in 13 nations, and
a higher percentage than in 20 nations (figure 3).
In contrast, 32 percent of Singapore’s eighth-grade
students scored 616 or higher in science in 1999.
Among the five participating G8 nations, none
had a significantly higher percentage of students
who scored at or above the international top 10
percent benchmark than the United States in
science.

What percentage of our
students scored at or above
the international top 25
percent benchmark in 1999?

An examination of the top 25 percent interna-
tional benchmark offers yet another opportunity
to understand the performance of our eighth-
grade students in mathematics and science in
1999. In mathematics, 28 percent of U.S. eighth-
grade students scored 555 or higher, placing them
among the top 25 percent of all students interna-
tionally in 1999. This was a lower percentage than
in 11 nations, a similar percentage as in 9 nations,
and a higher percentage than in 17 nations. In
contrast, 75 percent of eighth-grade students in
Singapore scored 555 or higher in mathematics in
1999.

In science, 34 percent of U.S. eighth-graders
scored 558 or higher, placing them among the top
25 percent of all students internationally in 1999.
This was a lower percentage than in 5 nations, a
similar percentage as in 13 nations, and a higher
percentage than in 19 nations. In contrast, 58
percent of eighth-grade students in Chinese Taipei
scored 558 or higher in science in 1999.

How well did U.S. eighth-
graders perform in the
different content areas in
1999?

An overall score is a useful summary of general
mathematics and science performance. However,
mathematics and science comprise a range of
content areas that can be conceptually distinct,
differ in levels of complexity, enter the curriculum
at different times, and be taught by different
teachers in separate courses. TIMSS-R assessed
five mathematics and six science content areas:

Mathematics’®

B Fractions and number sense

B Measurement

B Data representation, analysis, and probability
B Geometry

B Algebra

Science
W Earth science
Life science

Physics

|

|

B Chemistry
B Environmental and resource issues
| |

Scientific inquiry and the nature of science

U.S. eighth-graders’ average score was higher than
the international average in three of the five math-
ematics content areas assessed in 1999: fractions
and number sense; data representation, analysis,
and probability; and algebra. They performed at
the international average in measurement and
geometry.

Figure 4 displays mathematics content area scores
for all 38 nations based on the TIMSS-R assess-
ment. Six nations outperformed the United States
across all five mathematics content areas in 1999:
Belgium-Flemish, Chinese Taipei, Hong Kong
SAR, Japan, Korea, and Singapore. New Zealand is
the only nation in TIMSS-R that performed
simiarly to the United States in all five content
areas. Seven nations performed below the United
States in all five mathematics content areas: Chile,

STIMSS 1995 included proportionality among the mathematics content areas. After careful consideration, the proportionality items
were redistributed among several of the other mathematics content areas for the TIMSS and TIMSS-R data.
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Indonesia, Iran, Morocco, the Philippines, South
Africa, and Turkey. Geometry and measurement are
the content areas in which the United States
performed lowest in terms of the number of
nations that outperformed the United States, but
the U.S. average was similar to the international
average in both content areas.

In interpreting these results, it is important to
consider the mathematics content areas and topics
that students have likely encountered in the years
leading up to and including eighth grade. For
example, if students in the United States were not
provided the opportunity to learn a particular
mathematics topic or content area by the time of
the assessment, it would be less likely that the
students would perform well in comparison to
their international peers in that area. Information
on the coverage of mathematics content areas, as
well as many other aspects of eighth-grade mathe-
matics teaching and learning, is discussed in the
next chapter.

U.S. eighth-graders’ average score was higher than
the international average in five of the six science
content areas assessed in 1999: earth science; life
science; chemistry; environmental and resource
issues; and scientific inquiry and the nature of
science. They performed at the international
average of the 38 nations in physics.

Figure 5 displays science content area scores for
the 38 TIMSS-R nations in 1999. As with mathe-
matics, the international performance of nations
differs when examining science by the six science
content areas. The international performance of
the United States is highest for life science; environ-
mental and resource issues; and scientific inquiry
and the nature of science. Only two nations scored
higher than the United States in each of these
three content areas. Chinese Taipei outperformed
the United States in five of the six content areas,
however. As in mathematics, New Zealand is the
only nation that performed similarly to the United
States across all six content areas in science.
Finally, 12 nations performed below the United
States in all six science content areas: Chile,
Cyprus, Iran, Jordan, Macedonia, Moldova,
Morocco, the Philippines, Romania, South Africa,
Tunisia, and Turkey. Physics was the science
content area that the United States performed
lowest in terms of the number of nations that
outperformed the United States, but the U.S.
average was similar to the international average.

As with mathematics, it is important to under-
stand the context within which science learning
occurs when interpreting these results. This
includes the science content areas and topics that
students have likely encountered in their science
lessons. Information on the coverage of the six
science content areas, as well as many other
aspects of eighth-grade science teaching and
learning, is covered in the following chapter.
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What were students asked
to do on the TIMSS-R
assessment?

This section contains an example test item from
each of the five mathematics and six science
content areas assessed in 1999. Included are both
multiple-choice and free-response item formats.
Each example item is introduced with a brief
description, the content area it represents, the
correct answer or an example of a written
response that was marked as correct, the U.S.
percent correct, and the international average
percent correct.

Information on the percent correct for each of the
38 TIMSS-R nations is provided in tables A3.6
(mathematics example items) and A3.7 (science
example items) in appendix 3.

Figure 6 shows an example of a mathematics item
that relates to fractions and number sense. This
item asked students to choose the expression that
best estimated the sum of two three-digit
numbers using rounding. Ninety-three percent of
U.S. students correctly chose B as the answer. The
international average was 80 percent.

Figure 6.—Example mathematics item 1

A 600+ 200
®  700+200
C. 700+300
D. 900+ 200

The sum 691 + 208 is closest to the sum

Correct answer: B

U.S. percent correct: 93

International average: 80

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.18. Chestnut Hill, MA: Boston College.



percent of U.S. students correctly answered this
item, while the international average was 43

percent.

In this example of a measurement item (figure 7),
students were asked to find the area of a rectangle
contained in a given parallelogram. Thirty-four

Figure 7.—Example mathematics item 2

The figure shows a shaded rectangle inside a parallelogram.

|€«=—3cm—|

|e——4 cn———>|

le——8cm
What is the area of the shaded rectangle in square centimeters?
Answer: ZO Cm

4 4-5=20
s

Correct answer: 20 cm2  U.S. percent correct: 34 International average: 43

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.9. Chestnut Hill, MA: Boston College.



Figure 8 is an example of an item from the data
representation, analysis, and probability content
area. In this item, students were asked to deter-
mine which of the two magazines was less
expensive, given the number of issues and cost of
each issue. In order to receive full credit for this

item, students had to calculate the cost of 24 issues
for each magazine and arrive at the answer of Teen
Life being 3 ceds less expensive than Teen News. In
the United States, 26 percent of students received
full credit for this item; the international average
was 24 percent.

Figure 8.—Example mathematics item 3

Chris plans to order 24 issues of a magazine. He reads the following advertisements
for two magazines. Ceds are the units of currency in Chris’ country.

Teen Life
Magazine

24 issues
First four issues FREE
The remaining issues
3 ceds each.

Teen News
Magazine

24 issues
First six issues FREE
The remaining issues
3.5 ceds each.

Show your work.

Which magazine is the least expensive for 24 issues? How much less expensive?

3 ceds cheaper

.

‘3
x 3.5

90
+$YO

$63.0

Correct answer: Teen Life, 3 ceds cheaper U.S. percent correct: 26 International average: 24

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.3. Chestnut Hill, MA: Boston College.



Figure 9 is an example of an item from the
geometry content area. In this item, students were
asked to determine the measure of the fourth
angle of a quadrilateral, given the measurements
of the other three (figure 9). In order to correctly
answer this item, students needed the knowledge
that the sum of the four angles of a quadrilateral
always equals 360 degrees. Twenty percent of U.S.
students answered this item correctly. The interna-
tional average was 40 percent.

CHAPTER 2—ACHIEVEMENT

Figure 10, an algebra item, asked students to deter-
mine the number of girls and the number of boys
in the fictitious club, given the total number of
members and the information that there were 14
more girls than boys. Full credit was given if
students gave the correct response of 36 boys and
50 girls and showed their work. Numerical, alge-
braic, and “guess and check” methods were all
accepted for full credit. Twenty-nine percent of
U.S. students received full credit on this item. The
international average was 33 percent.

Figure 9.—Example mathematics item 4

In a quadrilateral, each of two angles has a measure of 115° If the

measure of a third angle is 70°, what is the measure of the remaining angle?
B o

B. 70°

C. 130°

D. 140°

E. None of the above

Correct answer: A U.S. percent correct: 19

International average: 40

SOURCE: Boston College, International Study Center, Third International Mathematics and Science Study-Repeat (TIMSS-R),

unpublished tabulations, 1999.

Figure 10.—Example mathematics item 5

A club has 86 members, and there are 14 more girls than boys.
How many boys and how many girls are members of the club?

Show your work.
x+(/Y+x)=¥6
2x+/Y=Y6
2x+/Y-/4=%6- /Y
rn = 72
2 2
x =34
There are 3G Loys and 50 girls.

¥6-36=50

Correct answer: 36 boys and 50 girls U.S. percent correct: 29

International average: 33

SOURCE: Boston College, International Study Center, Third International Mathematics and Science Study-Repeat (TIMSS-R),

unpublished tabulations, 1999.



Figure 11 is an example of an earth science item.  In the U.S., 48 percent of students answered this
This item asked students to read a contour map  item correctly; the international average was 37
and determine which direction a river is flowing. percent.

Figure 11.—Example science item 1

On the diagram, hills and valleys are shown by means of contour lines. Each
contour line indicates that all points on the line have the same elevation above

sea level.
&\
Q

Ce 5&

W&

PSS
o) &

(_’Q

~
o>

by

River

In which direction does the river flow?
A. Northeast

‘9 Southeast
C.

Northwest
D. Southwest
E. It is not possible to tell from the map.
Correct answer: B U.S. percent correct: 48 International average: 37

SOURCE: Boston College, International Study Center, Third International Mathematics and Science Study-Repeat (TIMSS-R),
unpublished tabulations, 1999.



In this life science item, students were given a food
web and asked to explain the effects of one part of
the web on another part (figure 12). Specifically,
they were asked to describe the consequences of
crop failure on the population of robins. Several
types of responses were given full credit. For
example, students could have answered that the
robin population would decrease due to predators

Figure 12.—Example science item 2

CHAPTER 2—ACHIEVEMENT

eating more robins if mice die. They could have
also answered that the robin population would
increase based on predators dying due to lack of
food (mice). Other feasible explanations, such as
the robin population being unaffected because
mice would find other sources of grain, were also
given full credit.

Yo eat they

alive .

O
RN
v
\
-0
Oak tree Caterpillar —

Look at the food web above. If the corn crop failed one year what would most
likely happen to the robin population? Explain your answer.

The Popula+ion would g0 down LecauSe) the mice
eat corn and € there is no corn for the mice
will die and # the mice die the
snake will have to eat more robins +o stay

U.S. percent correct: 35

International average: 26

SOURCE: Boston College, International Study Center, Third International Mathematics and Science Study-Repeat (TIMSS-R),

unpublished tabulations, 1999.



Figure 13 shows an example of a science item that ~ common units or measures that could then be
relates to physics. Given data on fuel consumption ~ compared. Thirty percent of U.S. eighth-grade
and work accomplished, students were asked to  students answered both parts of this item
determine and explain which of two machineswas ~ correctly. The international average was 31
more efficient by converting the information into percent.

Figure 13.—Example science item 3

Machine A and Machine B are each used to pump water from a river. The table
shows what volume of water each machine removed in one hour and how much
gasoline each of them used.

Volume of Water Gasoline Used
Removed in 1 Hour in 1 Hour
(liters) (liters)
Machine A 1000 1.25
Machine B 500 0.5

a) Which machine is more efficient in converting the energy in gasoline to work?

Answer: B

b) Explain your answer:

000 =1.29 = 800

900 .9 = 000

Maching B ts more efficient
because for every Liter of gasoling
used it removed LOOOL of water.
With L of gasoline Machine A
only removes 800L- of water.

Correct answer: B U.S. percent correct: 30 International average: 31

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.3. Chestnut Hill, MA: Boston College.



Figure 14 shows an example of a science item that
relates to chemistry. This item asked students to
recall that when exposed to moisture and oxygen,
iron rusts, and that painting the iron could
prevent this reaction from happening. Sixty-six
percent of U.S. eighth-grade students correctly
answered this item. The international average was
67 percent.

Figure 14.—Example science item 4

CHAPTER 2—ACHIEVEMENT

In figure 15, an environmental and resource issues
item, students were asked to choose the best expla-
nation for why insecticides become ineffective
over time. Sixty-two percent of U.S. students
answered this item correctly; the international
average was 48 percent.

Paint applied to an iron surface prevents the iron from rusting. Which ONE of
the following provides the best reason?

A. It prevents nitrogen from coming in contact with the iron.

B. It reacts chemically with the iron.

C. It prevents carbon dioxide from coming in contact with the iron.

D. It makes the surface of the iron smoother.

@ It prevents oxygen and moisture from coming in contact with the iron.

Correct answer: E

U.S. percent correct: 66

International average: 67

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.18. Chestnut Hill, MA: Boston College.

Figure 15.—Example science item 5

less effective over time?

Insecticides are used to control insect populations so that they do not destroy the crops.
Over time, some insecticides become less effective at killing insects, and new
insecticidesmust be developed. What is the most likely reason insecticides become

A. Surviving insects have learned to include insecticides as a food source.
@ Surviving insects pass their resistance to insecticides to their offspring.

C. Insecticides build up in the soil.

D. Insecticides are concentrated at the bottom of the food chain.

Correct answer: B

U.S. percent correct: 62

International average: 48

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Exhibit 2.13. Chestnut Hill, MA: Boston College.



Figure 16 is an example of an item that relates to
scientific inquiry and the nature of science. In this
item, students were asked to describe a procedure
that could be used to determine the time it takes
for a person’s heart rate to return to normal after
exercising. They were also asked to list the materi-
als needed for their procedure. In order to receive
full credit, students needed to include all of the

Figure 16.—Example science item 6

following: somebody (or self) measuring
“normal” pulse rate with a timer or watch; having
the subject exercise; and measuring the time
interval between the completion of exercise and
the pulse rate returning to “normal.” Twenty-one
percent of U.S. students answered this item
correctly. The international average was 12
percent.

would you follow?
Materials

5+op watch

Proced ure

l. check heart rate

L. exercise

Suppose you want to investigate how long it takes for the heart rate to return to
normal after exercising. What materials would you use and what procedures

3. S‘\‘oP exercising, Leg in ‘Hmc'ng
Y. check heart mte. when heart mte rehuns to on'ginal ke, Stop '\'muﬂg

U.S. percent correct: 21

International average: 12

SOURCE: Boston College, International Study Center, Third International Mathematics and Science Study-Repeat (TIMSS-R),

unpublished tabulations, 1999.



How did different groups of
students within the United
States perform?

Comparisons of U.S. population group perform-
ance are common in the literature on student
achievement, especially comparisons by sex and
race/ethnicity. The Condition of Education (NCES
2000b), the Digest of Education Statistics (NCES
1999), Science and Engineering Indicators—2000
(National Science Board 2000), and the various
reports associated with each NAEP assessment
(e.g., NCES 1997a, 1997b, and 2000c) routinely
provide comparisons of the achievement of
selected population groups.

Population groups tend to be defined by demo-
graphic attributes such as sex, race/ethnicity,
language, and the like. Interest in the comparative
performance of population groups reflects a
concern that all students—regardless of race,
ethnicity, sex, or family background, among other
things—receive equitable educational opportuni-
ties. A national average score cannot describe the
range of achievement within a nation and whether
patterns of performance are associated with differ-
ent subgroups.

The analyses that follow focus on five categories of
population groups in the United States; these
groups are defined by: sex, race/ethnicity, national
origin of parents, level of parental education, and
type of school attended.® These analyses examine
the relationship between specific group character-
istics and achievement. These are preliminary
analyses of the data from TIMSS-R. Future
analyses will examine the same relationships while
accounting for other factors.

Figure 17 shows the average mathematics and
science performance for the population groups
noted above. The results of testing the statistical
significance of the difference between group
averages are described to the right of the group
averages.”

Was there a difference in the
mathematics and science
achievement of U.S. eighth-
grade boys and girls?

In mathematics, there was no evidence of a differ-
ence in achievement between U.S. eighth-grade
boys and girls in 1999. The average score for girls
was similar to the average score for boys. Of the
other nations in 1999, only four—the Czech
Republic, Iran, Israel, and Tunisia—showed differ-
ences in the achievement of boys and girls in
mathematics, all in favor of boys (see table A3.9,
appendix 3 for details).

In science, U.S. eighth-grade boys outperformed
eighth-grade girls in 1999. In all, the United States
and 15 other nations showed differences between
the average achievement of boys and girls, and all
differences favored boys.8 Twenty-two nations
showed no differences between boys and girls in
science. In addition to the United States, Canada,
Chile, Chinese Taipei, the Czech Republic,
England, Hungary, Iran, Korea, Latvia-LSS,
Lithuania, the Netherlands, Russian Federation,
Slovak Republic, Slovenia, and Tunisia showed
differences in science achievement between boys
and girls (see table A3.9, appendix 3).

The TIMSS-R findings in mathematics are consis-
tent with other studies conducted at this grade
level, such as NAEP (NCES, 1997a, 2000¢). The
TIMSS-R findings for the United States in science
differ from the most recent results for NAEP and
long term trend NAEP (NCES, 1997b, 2000c)
where no difference in science achievement was
found between eighth-grade boys and girls.
Reasons for the different results in TIMSS-R and
NAEP may relate to the differences in the science
topics and content areas emphasized in the two
assessment frameworks and the relationship of the
frameworks to U.S. science curricula through the
eighth grade. Differences and similarities between

®Data are analyzed based on students’ reports of sex, race/ethnicity, national origin of parents, and level of parental education. Data

on type of school attended based on school sample.
7Other factors are not controlled for in these analyses.

8Readers may recall that there was no difference found in TIMSS 1995 between the science performance of U.S. eighth-grade boys
and girls (NCES 1996). As a result of rescaling the TIMSS data, the data show that U.S. eighth-grade boys outperformed girls in

science in 1995.
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Figure 17.—U.S. eighth-grade mathematics and science achievement,
by selected characteristics: 1999

Mathematics

Science

Characteristics Significance
average average

Sex

Boys 505 524 |Boys and girls performed similarly in mathematics. Boys

Girls 498 505 |outperformed girls in science.

Race/ethnicity

White students 525 547  |White students outperformed black and Hispanic students

Black students 444 438 in mathematics and science. Black and Hispanic students
performed similarly to each other in mathematics.

Hispanic students 457 462 |Hispanic students outperformed black students in science.

Public/nonpublic school

Public 498 510 . .

school students Nonpublic school students outperformed public school

Nonpublic 526 548 students in mathematics and science.

school students

National origin of parents
In mathematics and science, students whose parents were

Both U.S. born >10 27 |both U.S. born outperformed students whose parents were
both foreign born. In mathematics and science, students

. whose parents were both U.S. born and students with one

Both foreign born 477 472 U.S. born parent and one foreign born parent performed
similarly. In science, students with one U.S. born parent

1 U.S. born, 496 509 |andone foreign born parent outperformed students whose

1 foreign born parents were both foreign born.

Mother’s education

R In mathematics and science, students whose mothers

High school or less 484 499 completed college outperformed students whose mothers
completed high school or less. In mathematics and science,
students whose mothers completed college outperformed

Some college S 525 students whose mothers attended some college. In
mathematics and science, students whose mothers

Completed college 539 554 |attended some college outperformed students whose
mothers completed high school or less.

Father’s education

. In mathematics and science, students whose fathers

High school or less 482 495 completed college outperformed students whose fathers
completed high school or less. In mathematics and science,
students whose fathers completed college outperformed

Some college >12 229 |5tudents whose fathers attended some college. In
mathematics and science, students whose fathers attended

Completed college 543 560 |some college outperformed students whose fathers

completed high school or less.

NOTE: Other factors are not controlled for in these analyses.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and
Science Study—Repeat (TIMSS-R), unpublished tabluations, 1999.




TIMSS-R and NAEP, as well as PISA, are discussed
in chapter 1. A more thorough analysis of
TIMSS-R science data for U.S. boys and girls may
reveal important insights into the differences
noted here.

Did the achievement of U.S.
students differ by race and
ethnicity?

Studies have regularly shown that white students
outperform the two largest minority groups in the
United States—namely, black students and
Hispanic students—in mathematics and science.
TIMSS-R results and other large-scale studies,
such as NAEP (NCES 1997a, 1997b, and 2000c¢),
present a similar picture of the achievement of
eighth-grade white students, black students, and
Hispanic students in the United States. In 1999,
the average score for white students was higher
than for either black students or Hispanic students
in mathematics. Black students and Hispanic
students performed similarly (see figure 17).

In science, the average 1999 score for U.S. eighth-
grade white students was higher than for either
black students or Hispanic students, and Hispanic
students outperformed black students (see figure
17). The research literature offers several explana-
tions for differences in the performance of
particular populations, generally suggesting that
various forms of inequality of opportunity result
in differences in achievement (Wilson 1987 and
1996; Jencks and Phillips 1998). These possible
explanations are not explored in the analyses
presented here.

Did the achievement of
students in U.S. public and
nonpublic schools differ?

In both mathematics and science in 1999, the
average achievement score of U.S. eighth-grade
nonpublic school students was higher than the
average of their peers in U.S. public schools (figure
17).? Competing explanations for differences in
the achievement of public and nonpublic students

in the United States are found in the research liter-
ature. One possible explanation is that the two
types of schools differ in the quality of the educa-
tion offered to students (Coleman, Hoffer, and
Kilgore 1981, 1982). The rationale here is that
higher quality offerings lead to higher achieve-
ment. Another possible explanation offered in the
literature is that differences in achievement
between public and nonpublic school students are
the result of differences in the socioeconomic
status of the students recruited into each type of
school (Jimenez and Lockheed 1991). The ration-
ale behind this argument is that different
opportunities for learning are created or nurtured
among students from different socioeconomic
backgrounds. The findings for public and
nonpublic students from TIMSS-R are consistent
with findings from NAEP (NCES 1997a, 1997b,
and 2000c). Indeed, in nations with sizable
numbers of nonpublic schools (e.g., Australia, the
United Kingdom, and the United States), on
average, students who attended nonpublic schools
did better than those who attended public schools
(Coleman, Hoffer, and Kilgore 1982; Williams and
Carpenter 1990; Halsey, Heath, and Ridge 1984).
The analyses presented here do not offer any
possible explanation for the observed differences;
rather, the analyses simply document achievement
differences between eighth-grade students in these
two types of schools. More thorough analysis of
the data, taking into account such factors as
race/ethnicity or socioeconomic status, may reveal
important insights into possible reasons for the
observed differences.

Did the achievement of U.S.
students of different national
origins differ?

TIMSS-R asked students to indicate whether their
parents were U.S. or foreign-born. There is an
interest in the birthplace of students’ parents
because a sizeable proportion of students with
parents born outside the United States may not
speak English as their first language or may not
speak English at home with great frequency, if at
all. Since English is generally the language of

9Forty-four of the 221 schools sampled in the United States were nonpublic schools. Among these 44 nonpublic schools, 26 were
Catholic, 13 were Protestant/other religious, 4 were non-religious independent schools, and 1 was unspecified.



instruction in U.S. classrooms, students’ facility
with language may play a role in their ability to
adequately understand school subjects. Moreover,
immigrant status is often associated with lower
socioeconomic status and more limited educa-
tional opportunities. The average 1999
mathematics score of eighth-grade students whose
parents were both foreign-born was lower than the
score of students whose parents were both U.S.
born (figure 17). In science in 1999, the average
score of eighth-graders whose parents were both
foreign-born was lower than the score of students
with at least one parent born in the United States.

Did the achievement of U.S.
students differ by the level of
their parents’ education?

The average mathematics performance of eighth-
grade students in 1999 differed by their parents’
level of education. Students who reported that
their parents had completed college had a higher
average score in mathematics than students who
reported that their parents completed some
college and, in turn, these students had a higher
score than students whose parents had no more
than a high school education (figure 17).

The pattern in science is similar to mathematics in
1999. As the level of parental education rises, so do
the test scores of students. On average, in science,
eighth-grade students whose parents had
completed college outperformed students whose
parents had attended some college and these
students, in turn, outperformed students whose
parents had no more than a high school education
(figure 17).

The TIMSS-R results indicate that as parental
education levels increased so did the mathematics
and science performance of U.S. eighth-grade
students. The relationship between level of
parental education and the educational achieve-
ment of children is well-documented (Sewell,
Hauser, and Wolf 1976; Featherman 1981; Riordan
1997; NCES 1997a and 1997b).

THE MATHEMATICS AND
SCIENCE ACHIEVEMENT OF
EiGHTH-GRADERS BETWEEN
1995 anp 1999

This section presents results for the 23 nations
with comparable data that participated at the
eighth grade in both TIMSS and TIMSS-R.10 To
compare the performance of eighth-grade
students on TIMSS and TIMSS-R, both eighth-
grade assessments used the same scale.1!

Did the performance of U.S.
eighth-graders change
between 1995 and 1999?

For the 23 nations that participated in both
TIMSS and TIMSS-R, there was little change in
mathematics average scores over the 4-year
period. There was no change in eighth-grade
mathematics achievement between 1995 and 1999
in the United States as well as 18 other nations
(figure 18).12 Three nations—Canada, Cyprus,
and Latvia-LSS—showed an increase in overall
mathematics achievement between 1995 and
1999. One nation, the Czech Republic, experi-
enced a decrease in overall achievement over the

10Twenty-six nations participated in TIMSS and TIMSS-R at the eighth grade. Of the 26 nations, 3 nations experienced significant
irregularities in their participation in 1995: Israel, South Africa, and Thailand. Findings for the other 23 nations are reported here.
Results for the 3 nations that experienced irregularities are provided in appendix 3, tables A3.10 and A3.11.

UThe national averages presented here for the TIMSS grade 8 assessment differ a little from the averages appearing in previous
TIMSS reports published over the past several years. This is a result of rescaling the TIMSS 1995 grade 8 data to allow for reliable
comparisons to the TIMSS-R 1999 grade 8 data.

12The finding that there has been no change in the overall mathematics score from 1995, when the United States performed at the
international average, to 1999, when the United States performed above the international average, may appear to be inconsistent.
However, readers are cautioned from drawing conclusions based on the relative position of the United States in comparison to the
international average for all 42 nations in 1995 and all 38 nations in 1999. A more accurate analysis of change in achievement over
the 4 years is the one presented above: a comparison between only the 23 nations that participated in both 1995 and 1999, and the
international average of scores for these nations.
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same period.!> The reader is cautioned against ~ In the United States and 17 other nations, there
comparing the relative change in one nation to the ~ was no change in the science achievement score of
relative change in another nation. eighth-graders between 1995 and 1999. Four

nations documented an increase in science

Figure 18.—Comparisons of eighth-grade mathematics
achievement, by nation: 1995 and 1999

1995-1999
Nation 1995 average 1999 average difference3
(Latvia-LSS)! 488 505 17 A
Canada 521 531 10 A
Cyprus 468 476 9 A
Hong Kong SAR 569 582 13 @
(Netherlands) 529 540 11 @
(Lithuania)?2 472 482 10 ®
United States 492 502 90
Belgium-Flemish 550 558 8 e
Korea, Republic of 581 587 6e
(Australia) 519 525 6 ®
Hungary 527 532 50
Iran, Islamic Republic of 418 422 40
Russian Federation 524 526 2 e
Slovak Republic 534 534 0e
(Slovenia) 531 530 -l1e
(Romania) 474 472 -1 e
(England) 498 496 -1 e
Japan 581 579 -2 0
Singapore 609 604 -4 ®
Italy 491 485 6e
New Zealand 501 491 -10 ®
(Bulgaria) 527 511 -16 ®
Czech Republic 546 520 -26 v
| International average of 23 nations | 519 521 [ 2 e

A The 1999 average is significantly higher than the 1995 average
® The 1999 average does not differ significantly from the 1995 average
V¥ The 1999 average is significantly lower than the 1995 average

IDesignated LSS because only Latvian-speaking schools were tested.

2Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the
next school year.

3Difference is calculated by subtracting the 1995 score from the 1999 score. Detail may not sum to totals due to
rounding.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines in 1995, 1999, or both
years. See appendix 2 for details regarding 1999 data. See NCES (1996) for details for 1995 data.

The international average is the average of the national averages of the 23 nations with approved sampling
procedures.

The tests for significance take into account the standard error for the reported differences. Thus, a small difference
between the 1995 and 1999 averages for one nation may be significant while a large difference for another nation
may not be significant.

The 1995 scores are based on re-scaled data.

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the
Third International Mathematics and Science Study at the Eighth Grade. Exhibit 1.3. Chestnut Hill, MA: Boston
College.

1311 a separate analysis of just those 48 mathematics items (out of 155) in common between TIMSS and TIMSS-R, the same pic-
ture of overall eighth-grade mathematics achievement emerges. Results of this separate analysis revealed that 3 nations—Canada,
Cyprus, and Latvia-LSS—experienced increases in their mathematics performance over the 4 years on the in-common items. One
nation, the Czech Republic, experienced a decrease in its mathematics performance over the same period of time. The remaining
19 nations, including the United States, experienced no change in overall mathematics achievement on the set of 48 in-common
items between TIMSS and TIMSS-R.



achievement between 1995 and 1999: Canada,  over the 4 years.!4 Again, the reader is cautioned
Hungary, Latvia-LSS, and Lithuania (figure 19).  against comparing the relative change in one
One nation, Bulgaria, showed a decline in science  nation to the relative change in another nation.

Figure 19.—Comparisons of eighth-grade science achievement, by
nation: 1995 and 1999

1995-1999
Nation 1995 average 1999 average difference3
(Latvia-LSS)! 476 503 27 A
(Lithuania)?2 464 488 25 A
Canada 514 533 19 A
Hungary 537 552 16 A
Hong Kong SAR 510 530 200
(Australia) 527 540 140
Cyprus 452 460 8 e
Russian Federation 523 529 7@
(England) 533 538 50
(Netherlands) 541 545 3e
Slovak Republic 532 535 3e
Korea, Republic of 546 549 3@
United States 513 515 2e
Belgium-Flemish 533 535 2e
(Romania) 471 472 le
Ttaly 497 498 le
New Zealand 511 510 -le
Japan 554 550 5e
(Slovenia) 541 533 -8e
Singapore 580 568 -12 @
Iran, Islamic Republic of 463 448 -15@
Czech Republic 555 539 -l6 @
(Bulgaria) 545 518 27V
[ International average of 23 nations [ 518 521 [ 3@

A The 1999 average is significantly higher than the 1995 average
® The 1999 average does not differ significantly from the 1995 average
¥V  The 1999 average is significantly lower than the 1995 average

IDesignated LSS because only Latvian-speaking schools were tested.

2Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the
next school year.

3Difference is calculated by subtracting the 1995 score from the 1999 score. Detail may not sum to
totals due to rounding.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines in 1995, 1999, or both
years. See appendix 2 for details regarding 1999 data. See NCES (1996) for details for 1995 data.

The international average is the average of the national averages of the 23 nations with approved sampling
procedures.

The tests for significance take into account the standard error for the reported differences. Thus, a small difference
between the 1995 and 1999 averages for one nation may be significant while a large difference for another nation
may not be significant.

The 1995 scores are based on re-scaled data.

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third
International Mathematics and Science Study at the Eighth Grade. Exhibit 1.3. Chestnut Hill, MA: Boston College.

1411 a separate analysis of just those 48 science items (out of 143) in common between TIMSS and TIMSS-R, a similar picture of
overall eighth-grade science achievement emerges. Results of this separate analysis revealed that 3 nations—Canada, Hungary, and
Latvia-LSS—experienced increases in science performance over the 4 years on the in-common items. The remaining 20 nations—
including the United States—experienced no change in overall mathematics achievement on the set of 48 in-common items
between TIMSS and TIMSS-R.



In sum, eighth-grade mathematics and science
scores in the United States showed no changes
between 1995 and 1999. The lack of change in
national averages over a relatively short period of
4 years may indicate that longer periods of moni-
toring achievement may be necessary to detect
change. It may also indicate that change efforts
implemented at the local level may not yet be
impacting achievement measured at the national
level. Of course, careful consideration of TIMSS
and TIMSS-R data as well as other data on the
teaching and learning of mathematics and science
in middle school is needed to better address the
possible reasons why change was not evident over
the 4 years.
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Did the percentage of U.S.
students at or above the
international top 10 percent
benchmark change over the
4 years?

As was discussed earlier in this chapter, average
achievement scores indicate how the average
student performs, but reveal little about the
performance of a nation’s top students. The
following analyses document changes in the
percentages of students who scored at or above the
international top 10 percent and top 25 percent
benchmarks. Detailed information on changes in
these two international benchmarks is provided in
tables A3.12 (mathematics) and A3.13 (science) in
appendix 3.

The percentage of U.S. eighth-graders who scored
at or above the international top 10 percent
benchmark of students in mathematics showed no
change between 1995 and 1999. None of the other
22 nations documented a change either. The 1999
top 10 percent cut-off score was 616 in mathemat-
ics. Applied to the 1995 TIMSS data, 6 percent of
U.S. eighth-graders scored 616 or higher in math-
ematics in 1995, placing them among the top 10
percent of all students internationally.!> In 1999,
this percentage was 9 percent (figure 20).

15Readers may note that previous reports on TIMSS indicated that 5 percent of U.S. eighth-grade students were included among all
students internationally who scored at or above the international top 10 percent benchmark in mathematics, whereas the per-
centage reported here is 6 percent. This difference is due to the way that the percentage of students in mathematics in 1995 is cal-
culated for comparative purposes. To compare the percentage of students who scored at or above the international top 10 percent
benchmark in mathematics in 1995 to those in 1999, the score point used to determine the top 10 percent in 1999 was also applied
to the 1995 data. This, of course, was not the case when the data was initially reported for TIMSS. This procedure was applied to

the science data as well.



Figure 20.—Comparisons of percentages of eighth-grade
mathematics students reaching the TIMSS-R 1999 top 10
percent in mathematics achievement, by nation: 1995 and 1999

Nation 1995 percentage of | 1999 percentage of 1995-1999
students students difference3
Hong Kong SAR 28 33 5e
Belgium-Flemish 19 23 40
Canada 9 12 3 e
United States 6 9 3 e
Hungary 13 16 3 e
(Latvia-LSS)! 5 7 3 e
(Netherlands) 12 14 3 e
(Slovenia) 13 15 2 @
Russian Federation 12 15 2 e
Korea, Republic of 36 37 2 e
(Australia) 11 12 1 e
(Lithuania)? 3 4 1 e
Iran, Islamic Republic of 0 1 0oe
(Romania) 5 5 0oe
Singapore 46 46 0e
(England) 8 7 0oe
New Zealand 8 8 0oe
Japan 34 33 0oe
Cyprus 4 3 -1 e
Slovak Republic 14 14 -1 e
Italy 7 6 -1 e
Czech Republic 19 11 -3 @
(Bulgaria) 19 11 -8 @
| International average of 23 nations | 14 15 | 1 e

A The 1999 average is significantly higher than the 1995 average
@® The 1999 average does not differ significantly from the 1995 average

¥ The 1999 average is significantly lower than the 1995 average

IDesignated LSS because only Latvian-speaking schools were tested.

2Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the next school
year.

3Difference is calculated by subtracting the 1995 score from the 1999 score. Detail may not sum to totals due to
rounding.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines in 1995, 1999, or both

years. See appendix 2 for details regarding 1999 data. See NCES (1996) for details for 1995 data.

The international average is the average of the national averages of the 23 nations with approved sampling

procedures.

1995 scores are based on re-scaled data.

1995 percentage of students reaching the top 10 percent is based on 1999 top 10 percent calculations.

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the

Third International Mathematics and Science Study at the Eighth Grade. Exhibit 1.7. Chestnut Hill, MA: Boston

College.



As in mathematics, the percentage of U.S. eighth-
graders who scored at or above the international
top 10 percent benchmark of students in science
showed no change between 1995 and 1999. The
1999 top 10 percent cut-off score was 616 in
science. Applied to the 1995 TIMSS data, 13
percent of U.S. eighth-graders scored 616 or
higher in science in 1995, placing them among the
top 10 percent of all students internationally. In
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1999, this percentage was 15 percent (figure 21).
Among the 22 other nations that participated in
TIMSS and TIMSS-R at the eighth-grade level,
only 2 nations showed a change in the proportion
of students scoring at or above the international
top 10 percent benchmark over the same four-year
period: Hungary documented an increase while
Bulgaria documented a decrease.

Figure 21.—Comparisons of percentages of eighth-grade science
students reaching the TIMSS-R 1999 top 10 percent in science
achievement, by nation: 1995 and 1999

. 1995 percentage of | 1999 percentage of 1995-1999
Nation Etudentsg ftudentsg difference3
Hungary 14 22 8 A
Russian Federation 13 17 40
Canada 11 14 3 e
(Latvia-LSS)! 4 7 30
(Lithuania)? 3 6 30
(Australia) 17 19 3@
(England) 17 19 2 @
United States 13 15 2 e
Korea, Republic of 20 22 2 e
(Netherlands) 15 16 1 e
Italy 7 8 1e
Hong Kong SAR 9 10 1 e
Iran, Islamic Republic of 2 2 0e
New Zealand 11 12 0e
(Romania) 6 6 0e
(Slovenia) 16 16 0e
Cyprus 3 2 0e
Slovak Republic 15 14 0e
Belgium-Flemish 12 11 -1e
Singapore 33 32 -1 e
Japan 21 19 -2 e
Czech Republic 21 17 4 0
(Bulgaria) 24 14 -10 v

[ International average of 23 nations [ 13 14 [ 1@

A The 1999 average is significantly higher than the 1995 average

® The 1999 average does not differ significantly from the 1995 average

V¥ The 1999 average is significantly lower than the 1995 average

IDesignated LSS because only Latvian-speaking schools were tested.

2Lithuania tested the same cohort of students as other nations, but later in 1999, at the beginning of the next school

year.

3Difference is calculated by subtracting the 1995 score from the 1999 score. Detail may not sum to totals due to

rounding.

NOTE: Eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines in 1995, 1999, or both
years. See appendix 2 for details regarding 1999 data. See NCES (1996) for details for 1995 data.

The international average is the average of the national averages of the 23 nations with approved sampling

procedures.
1995 scores are based on re-scaled data.

1995 percentage of students reaching the top 10 percent is based on 1999 top 10 percent calculations.

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third
International Mathematics and Science Study at the Eighth Grade. Exhibit 1.7. Chestnut Hill, MA: Boston College.



Did the percentage of U.S.
students at or above the
international top 25 percent
benchmark change over the 4
years?

The percentage of U.S. eighth-graders who scored
at or above the international top 25 percent
benchmark of students in mathematics showed no
change between 1995 and 1999. The 1999 interna-
tional top 25 percent cut-off score was 555 in
mathematics. Applied to the 1995 TIMSS data, 24
percent of U.S. eighth-graders scored 555 or
higher in mathematics in 1995, placing them
among the top 25 percent of all students interna-
tionally.16  In 1999, this percentage was 28
percent. Only one nation showed a change in the
percentage of its students who scored at or above
the international top 25 benchmark over this same
period of time—the Czech Republic documented
a decrease.

The percentage of U.S. eighth-graders who scored
at or above the international top 25 percent
benchmark of students in science showed no
change between 1995 and 1999. The 1999 interna-
tional top 25 percent cut-off score was 558 in
science. Applied to the 1995 TIMSS data, 34
percent of U.S. eighth-graders scored 558 or
higher in science in 1995, placing them among the
top 25 percent of all students internationally. In
1999, this percentage was also 34 percent. Four
nations—Canada, Hungary, Latvia-LSS, and
Lithuania—showed an increase in the percentage
of students who scored at or above the interna-
tional top 25 benchmark over this same period of
time.

Did the performance of U.S.
eighth-graders in the content
areas change between 1995
and 1999?

Comparisons of performance on the mathematics
and science content areas can be made among the
23 nations that participated in TIMSS and
TIMSS-R at the eighth-grade level. Detailed infor-
mation on changes in performance in the
mathematics and science content areas between
1995 and 1999 is provided in tables A3.14 and
A3.15 in appendix 3.

In the five mathematics content areas in common
between TIMSS and TIMSS-R, there was no
change in the performance of U.S. eighth-graders
nor of their peers in most of the other 22 nations.
However, Canada and Latvia-LSS documented
increases in performance in four of the five math-
ematics content areas over the 4-year period:
fractions and number sense; data representation,
analysis and probability; geometry; and algebra. No
nation showed a change in the performance of its
students in measurement. On the other hand, the
Czech Republic showed a decrease in three
content areas: fractions and number sense;
geometry; and algebra. The only other nation to
show a decrease over the four years was Bulgaria in
the area of data representation, analysis, and prob-
ability.

In the four science content areas in common
between TIMSS and TIMSS-R,!7 there was no
change in the performance of U.S. eighth-graders
nor of their peers in most of the other 22 nations.
Only one nation, Canada, recorded an increase in
the performance of its eighth-graders in all four
science content areas over the 4 years. Hungary
and Latvia-LSS showed increases in the perform-
ance of their students in two of the four science
content areas. The Czech Republic and Slovak
Republic experienced decreases in physics over the
same four years, and Slovenia documented a
decrease in earth science.

16To compare the percentage of students who scored at or above the international top 25 percent benchmarks in mathematics and
science in 1995 to those in 1999, the score point used to determine the top 25 percent in 1999 was also applied to the 1995 data.

17The TIMSS-R science assessment reflects the inclusion of 10 new items in the areas of environmental and resource issues, and sci-
entific inquiry and the nature of science. In TIMSS, these areas were reported as a single content area. Therefore, there are four sci-
ence content areas in common between the two studies that can be reported.



Did the performance of U.S.
population groups change
between 1995 and 1999?

TIMSS and TIMSS-R data for several population
groups showed an increase in performance
between 1995 and 1999 in mathematics and
science.!8  U.S. eighth-grade black students
showed an increase in their mathematics achieve-
ment over the 4 years. Students whose parents
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were both U.S. born also showed an increase in
mathematics achievement between 1995 and
1999. Students whose mothers or fathers attended
some college or completed college also showed an
increase in their mathematics performance over
the 4 years. Finally, U.S. eighth-grade students
whose mothers or fathers completed college
showed an increase in science achievement over
the 4 years (figure 22). There was no change found
for the other groups of students shown in figure
22 over the 4 years in mathematics or science.

Figure 22.—Changes in U.S. eighth-grade mathematics and science
achievement, by U.S. selected characteristics: 1995 and 1999

1995 1999 |1995-1999
average |average |difference*
Sex
Boys 495 505 10 ®
Girls 490 498 8§ @
Race/ethnicity
White students 516 525 9 @
Black students 419 444 25 A

Hispanic students | 443 457 14 @
National origin

of parents
Both U.S. born 496 510 13 A
Both foreign born | 474 477 2 @
1 U.S. born,
1 foreign born 482 496 13 @
Mother’s education
High school
or less 479 484 6 @
Some college 498 511 13 A

Completed college | 511 539 27 A
Father’s education

High school
or less 474 482 8 e
Some college 498 512 14 A

Completed college [ 515 543 28 A

1995 1999 |1995-1999
average |average |difference*
Sex
Boys 520 524 5 e
Girls 505 505 0 e
Race/ethnicity
White students 544 547 3 @
Black students 422 438 16 ®

Hispanic students | 446 462 16 ®
National origin

of parents
Both U.S. born 521 527 6 @
Both foreign born | 465 472 6 ®
1 U.S. born,
1 foreign born 498 509 11 ®
Mother’s education
High school
or less 497 499 2 @
Some college 522 525 3 e

Completed college | 531 554 23 A
Father’s education

High school
or less 494 495 1 e
Some college 521 529 ®

Completed college | 534 560 25 A

A The 1999 average is significantly higher than the 1995 average
® The 1999 average is not significantly different from the 1995 average

¥ The 1999 average is significantly below the 1995 average

*Difference is calculated by subtracting the 1995 average from the 1999 average. Detail may not sum to totals due to

rounding.

NOTE: Other factors are not controlled for in these analyses.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and
Science Study—Repeat (TIMSS-R), unpublished tabulations, 1999.

18The U.S. sample for TIMSS did not include sufficient numbers of nonpublic school students to reliably calculate achievement

scores for this group.



THE MATHEMATICS AND
SCIENCE ACHIEVEMENT OF
THE 1995 FOURTH-GRADE
CoHorT IN 1999

TIMSS and other studies before it have suggested
that the international performance of the United
States relative to other nations appears lower at
grade 8 in both mathematics and science than at
grade 4. TIMSS-R provides data about the cohort
of fourth-grade students in 1995 in comparison to
the cohort of eighth-grade students four years
later in 1999. However, direct comparisons
between the 1995 fourth-grade assessment and the
1999 eighth-grade assessment are complicated by
several factors: First, the fourth-grade and eighth-
grade assessments include different test questions.
By necessity, the kind of mathematics and science
items that can be asked of an eighth-grader may be
inappropriate for a fourth-grader. Second, because
mathematics and science differ between the two
grades, the content areas assessed also differ. That
is, geometry and physics at grade 4 are different
from geometry and physics at grade 8, for
example. Without a sufficient set of in-common
test items between the grade 4 and grade 8 assess-
ments, it can be difficult to construct a reliable and
meaningful scale on which to compare the 1995
fourth-graders to 1999 eighth-graders. Thus, for
purposes of this report, comparisons between
fourth and eighth grade are based on the perform-
ance relative to the international average of the 17
nations that participated in fourth-grade TIMSS
and eighth-grade TIMSS-R.

Has the relative performance
of the United States changed
between fourth and eighth
grade over the 4 years?

Figures 23 and 24 display a comparison of the
average scores of the 17 nations between fourth-
grade TIMSS and eighth-grade TIMSS-R to the
international averages at both grades for each
subject. The numbers shown in the figures are
differences from the international average for the
17 nations. Nations are sorted into three groups:
above the international average; similar to the
international average; and below the international
average.

In mathematics, the U.S. fourth-grade score in
1995 was similar to the international average of
the 17 nations in common between fourth-grade
TIMSS and eighth-grade TIMSS-R. At the eighth
grade in 1999, the U.S. average in mathematics was
below the international average of the 17 nations.
Thus, U.S. fourth-graders performed at the inter-
national average in 1995 and U.S. eighth-graders
performed below the international average in 1999
in mathematics, suggesting that the relative
performance of the cohort of 1995 U.S. fourth-
graders in mathematics was lower relative to this
group of nations 4 years later. The data also
suggest that, in mathematics, the relative perform-
ance of the cohort of 1995 fourth-graders in
Canada was higher relative to this group of
nations in 1999; the relative performance of the
cohort of 1995 fourth-graders in the Czech
Republic, Italy, and the Netherlands was lower
relative to this group of nations 4 years later; and
the relative performance of the cohort of 1995
fourth-graders in the 12 other nations was
unchanged relative to this group of nations 4 years
later.
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Figure 23.—Mathematics achievement for TIMSS-R 1999 nations that
participated in 1995 at both the fourth and eighth grades relative to
the average across these nations

1995

Fourth grade Eighth grade
Difference from average across 17 nations ! Difference from average across 17 nations!

Singapore 73 Singapore 80
Korea, Republic of 63 Korea, Republic of 63
Japan 50 Hong Kong SAR 58
Hong Kong SAR 40 Japan 55
(Netherlands) 32 Netherlands 16
Czech Republic 23 Hungary 8
(Slovenia) 8 Canada 7
(Hungary) 4 Slovenia

United States 0 Australia 1
(Australia) 0 Czech Republic -4
(Ttaly) -7 Latvia-LSS2 -19
Canada -12 United States -22
(Latvia-LSS)2 -18 England -28
(England) -33 New Zealand -33
Cyprus -42 Italy -39
New Zealand -48 Cyprus -48
Iran, Islamic Republic of -130 Iran, Islamic Republic of -102
International average 517 International average 504
of 17 nations of 17 nations

i Average is significantly higher than the international average
Average does not differ significantly from the international average
Average is significantly lower than the international average

IDifference is calculated by subtracting the international average of the 17 nations from the national average of each
nation.

2Designated LSS because only Latvian-speaking schools were tested.

NOTE: Fourth and eighth grade in most nations. See appendix 2 for details.

Parentheses indicate nations not meeting international sampling and/or other guidelines at fourth grade in 1995. See

NCES (1997¢) for details.

The international average is the average of the national averages of the 17 nations.

SOURCE: Mullis et al. (2000). TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third

International Mathematics and Science Study at the Eighth Grade. Exhibit 1.4. Chestnut Hill, MA: Boston College.



In science, the U.S. fourth-grade score in 1995 was
above the international average of the 17 nations
in common between fourth-grade TIMSS and
eighth-grade TIMSS-R. At the eighth grade in
1999, the U.S. average in science was similar to the
international average of the 17 nations. Thus, U.S.
fourth-graders performed above the international
average in 1995 and U.S. eighth-graders
performed similar to the international average in
1999 in science. As in mathematics, this suggests
that the relative performance of the cohort of U.S.
fourth-graders in science was lower relative to this
group of nations 4 years later. The data also
suggest that, in science, the relative performance of
the cohort of 1995 fourth-graders in Singapore

and Hungary was higher relative to this group of
nations in 1999; the relative performance of the
cohort of 1995 fourth-graders in Italy and the
New Zealand was lower relative to this group of
nations 4 years later; and the relative performance
of the cohort of 1995 fourth-graders in the 12
other nations was unchanged relative to this group
of nations 4 years later.

The available evidence appears to confirm what
had been suggested 4 years ago: that the relative
performance of U.S. students in mathematics and
science is lower at the eighth grade than at the
fourth grade among this group of nations.

Figure 24.—Science achievement for TIMSS-R 1999 nations that
participated in 1995 at both the fourth and eighth grades relative to

the average across these nations

1999

Eighth grade

Difference from average across 17 nations !
Singapore 44
Hungary 28
Japan 25
Korea, Republic of 24
Netherlands 21
Australia 16
Czech Republic 15
England 14
Slovenia 9
Canada’3 9
Hong Kong SAR 5
United States -9
New Zealand -15
Latvia-LSS2 -21
Italy -26
Cyprus -64
Iran, Islamic Republic of -76
International average 524
of 17 nations

Fourth grade
Difference from average across 17 nations !
Korea, Republic of 62
Japan 39
United States 28
(Australia) 28
Czech Republic 18
(Netherlands) 17
(England) 14
Canada 12
(Ttaly) 10
Singapore 10
(Slovenia) 8
Hong Kong SAR -6
(Hungary) -6
New Zealand -9
(Latvia-LSS)2 -27
Cyprus -64
Iran, Islamic Republic of -134
International average 514
of 17 nations
§ Average is significantly higher than the international average
Average does not differ significantly from the international average
Average is significantly lower than the international average

IDifference is calculated by subtracting the international average of the 17 nations from the national average of each

nation.

2Designated LSS because only Latvian-speaking schools were tested.

3The shading of Canada in eighth grade may appear incorrect; however, statistically, its placement in correct.

NOTE: Fourth and eighth grade in most nations. See appendix 2 for details.
Parentheses indicate nations not meeting international sampling and/or other guidelines at fourth grade in 1995. See

NCES (1997¢) for details.

The international average is the average of the national averages of the 17 nations.

SOURCE: Martin et al. (2000). TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third
International Mathematics and Science Study at the Eighth Grade. Exhibit 1.4. Chestnut Hill, MA: Boston College.
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