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18 Introduction

Which Countries, States, Districts, and Consortia Participated?

Exhibit 1 shows the 38 countries, 13 states, and the 14 districts and
consortia that participated in timss 1999 and the Benchmarking Study. 

The consortia consist of groups of entire school districts or individual
schools from several districts that organized together either to participate
in the Benchmarking Study or to collaborate across a range of educa-
tional issues. Descriptions of the consortia that participated in the









22 Introduction

What Is the Relationship Between the TIMSS 1999 Data for the
United States and the Data for the Benchmarking Study?

The results for the 38 countries participating in timss 1999, including
those for the United States, were reported in December 2000 in two
companion reports – the TIMSS 1999 International Mathematics Report and
the TIMSS 1999 International Science Report.5 Performance in the United
States relative to that of other nations was reported by the U.S. National
Center for Education Statistics in Pursuing Excellence.6 The results for the
United States in those reports, as well as in this volume and its companion
science report,7 were based on a nationally representative sample of
eighth-grade students drawn in accordance with timss guidelines for all
participating countries. 

Because having valid and efficient samples in each country is crucial to
the quality and integrity of timss, procedures and guidelines have been
developed to ensure that the national samples are of the highest quality
possible. Following the timss guidelines, representative samples were also
drawn for the Benchmarking entities. Sampling statisticians at Westat, the
organization responsible for sampling and data collection for the United
States, worked in accordance with timss standards to design procedures
that would coordinate the assessment of separate representative samples
of students within each Benchmarking entity. 

For the most part, the U.S. timss 1999 national sample was separate from
the students assessed in each of the Benchmarking jurisdictions. Each
Benchmarking participant had its own sample to provide comparisons
with each of the timss 1999 countries including the United States. In
general, the Benchmarking samples were drawn in accordance with the
timss standards, and achievement results can be compared with
confidence. Deviations from the guidelines are noted in the exhibits in
the reports. The timss 1999 sampling requirements and the outcomes of
the sampling procedures for the participating countries and
Benchmarking jurisdictions are described in Appendix A. Although taken
collectively the Benchmarking participants are not representative of the
United States, the effort was substantial in scope involving approjlandTIMSS 199lI4sg couaf theyntative of the
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How Do Country Characteristics Differ?

International studies of student achievement provide valuable compara-
tive information about student performance, instructional practice, and
curriculum. Accompanying the benefits of international studies, though,
are challenges associated with making comparisons across countries,
cultures, and languages. timss attends to these issues through careful
planning and documentation, cooperation among the participating coun-
tries, standardized procedures, and rigorous attention to quality
control throughout.10

It is extremely important, nevertheless, to consider the timss 1999 results
in light of countrywide demographic and economic factors. Some selected
demographic characteristics of the timss 1999 countries are presented in
Exhibit 2. Countries ranged widely in population, from almost 270
million in the United States to less than one million in Cyprus, and in
size, from almost 17 million square kilometers in the Russian Federation
to less than one thousand in Hong Kong SAR and Singapore. Countries
also varied widely on indicators of health, such as life expectancy at birth
and infant mortality rate, and of literacy, including adult literacy rate and
daily newspaper circulation. Exhibit 3 shows information for selected
economic indicators, such as gross national product (gnp) per capita,
expenditure on education and research, and development aid. The data
reveal that there is great disparity in the economic resources available to
participating countries. 

10 Appendix A contains an overview of the procedures used. More detailed information is provided in Martin, M.O., Gregory, K.A., and
Stemler, S.E., eds., (2000), TIMSS 1999 Technical Report, Chestnut Hill, MA: Boston College.
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How Do the Benchmarking Jurisdictions Compare on
Demographic Indicators?

Together, the indicators in Exhibits 2 and 3 highlight the diversity of
the timss 1999 countries. Although the factors the indicators reflect do
not necessarily determine high or low performance in mathematics,
they do provide a context for considering the challenges involved in
the educational task from country to country. Similarly, there was great
diversity among the timss 1999 Benchmarking participants. Exhibit 4
presents information about selected characteristics of the states,
districts, and consortia that took part in the timss 1999
Benchmarking Study. 

As illustrated previously in Exhibit 1, geographically the Benchmarking
jurisdictions were from all across the United States, although there was
a concentration of east coast participants with six of the states and
several of the districts and consortia from the eastern seaboard. Illinois
was well represented, by the state as a whole and by three districts or
consortia – the Chicago Public Schools, the Naperville School District,
and the First in the World Consortium. Several other districts and
consortia also had the added benefit of a state comparison – the
Michigan Invitational Group and Michigan, Guilford County and North
Carolina, Montgomery County and Maryland, and the Southwest
Pennsylvania Math and Science Collaborative and Pennsylvania.

As shown in Exhibit 4, demographically the Benchmarking participants
varied widely. They ranged greatly in the size of their total public
school enrollment, from about 244,000 in Idaho to nearly four million
in Texas among states, and from about 11,000 in the Michigan
Invitational Group to about 430,000 in the Chicago Public Schools
among districts and consortia. 

It is extremely important to note that the Benchmarking jurisdictions
had widely differing percentages of limited English proficient and
minority student populations. They also had widely different percent-
ages of students from low-income families (based on the percentage of
students eligible to receive free or reduced-price lunch). Among states,
Texas had more than half minority students compared with less than
one-fifth in Idaho, Indiana, and Michigan. Among the school districts,
those in urban areas had more than four-fifths minority students,
including the Chicago Public Schools (89 percent), the Jersey City
Public Schools (93 percent), the Miami-Dade County Public Schools
(93 percent), and the Rochester City School District (84 percent).
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How Is the Report Organized?

This report provides a preliminary overview of the mathematics results for
the Benchmarking Study. The real work will take place as policy makers,
administrators, and teachers in each participating entity begin to examine
the curriculum, teaching force, instructional approaches, and school envi-
ronment in an international context. As those working on school
improvement know full well, there is no “silver bullet” or single factor that
is the answer to higher achievement in mathematics or any other school
subject. Making strides in raising student achievement requires tireless
diligence in all of the various areas related to educational quality. 

The report is in two sections. Chapters 1 through 3 present the achieve-
ment results. Chapter 1 presents overall achievement results. Chapter 2
shows international benchmarks of mathematics achievement illustrated
by results for individual mathematics questions. Chapter 3 gives results for
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Chapter 1 summarizes eighth-grade achievement on

the timss 1999 mathematics assessment for each of

the Benchmarking states, districts, and consortia, as

well as for each participating country. Comparisons 

of participants’ performance against international

benchmarks, as well as gender differences in

performance, are also provided.

1
Student Achievement

in Mathematics



1





1

That achievement is distributed broadly within as well as across partici-
pating entities is graphically illustrated in Exhibit 1.1 showing the
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7 Readers should be careful not to confuse the international benchmarks, which are points on the international mathematics
achievement scale chosen to describe specific achievement levels, with the benchmarking exercise itself, which is a process by
which participants compare their achievement, curriculum, and instructional practices with those of the best in the world.

How Do Benchmarking Participants Compare with International
Benchmarks of Mathematics Achievement?

The timss mathematics achievement scale summarizes student perform-
ance on test items designed to measure a wide range of student
knowledge and proficiency. In order to provide descriptions of what
performance could mean in terms of the mathematics that students know
and can do, timss identified four points on the scale for use as interna-
tional benchmarks7 or reference points, and conducted an ambitious
scale anchoring exercise to describe students’ performance at these
benchmarks. Exhibit 1.3 shows the four international benchmarks of
mathematics achievement and briefly describes what students scoring at
these benchmarks typically know and can do. More detailed descriptions
appear in Chapter 2, together with example test items illustrating
performance at each benchmark.

The Top 10% Benchmark is defined at the 90th percentile on the timss
mathematics scale, taking into account the performance of all students in
all countries participating in 1999. It corresponds to a scale score of 616
and is the point abovg Pt.sesponds to a sca2.2





1

Philippines, and Morocco had almost no students reaching the Top 10%
Benchmark, no more than one percent reaching the Upper Quarter
Benchmark, less than 10 percent reaching the Median Benchmark, and
no more than 31 percent reaching the Lower Quarter Benchmark. 

Although Exhibit 1.4 is organized to draw particular attention to the
percentage of high-achieving students in each entity, it conveys information
about the distribution of middle and low performers also. For example,
Canada, Australia, and Malaysia had 12 percent of their students reaching
the Top 10% Benchmark, as might be expected, but 94 to 96 percent
(rather than 75 percent) reaching the Lower Quarter Benchmark.
Similarly, the Academy School District, the Michigan Invitational Group,
and the Project smart Consortium had 11 to 12 percent of their students
reaching the Top 10% Benchmark but 95 to 96 percent reaching the
Lower Quarter Benchmark.



•

•

•

•

50th Percentile: 479

25th Percentile: 396

The international benchmarks are based on the combined data from the
countries participating in 1999.

Median Benchmark

Lower Quarter Benchmark

Top 10% Benchmark

Upper Quarter Benchmark

90th Percentile: 616

75th Percentile: 555

Students can organize information, make generalizations, and explain solution strategies
in non-routine problem solving situations. They can organize information and make
generalizations to solve problems; apply knowledge of numeric, geometric, and algebraic
relationships to solve problems (e.g., among fractions, decimals, and percents; geometric
properties; and algebraic rules); and find the equivalent forms of algebraic expressions.

Students can apply their understanding and knowledge in a wide variety of relatively
complex situations. They can order, relate and compute with fractions and decimals to solve
word problems; solve multi-step word problems involving proportions with whole numbers; solve
probability problems; use knowledge of geometric properties to solve problems; identify and
evaluate algebraic expressions and solve equations with one variable.

Students can apply basic mathematical knowledge in straightforward situations. They
can add or subtract to solve one-step word problems involving whole numbers and
decimals; identify representations of common fractions and relative sizes of fractions;
solve for missing terms in proportions; recognize basic notions of percents and
probability; use basic properties of geometric figures; read and interpret graphs, tables,
and scales; and understand simple algebraic relationships.

Students can do basic computations with whole numbers. The few items that anchor at
this level provide some evidence that students can add, subtract, and round with whole numbers.
When there are the same number of decimal places, they can subtract with multiple regrouping.
Students can round whole numbers to the nearest hundred. They recognize some basic notation
and terminology.

45Student Achievement in Mathematics
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8 Fennema, E. (1996), “Mathematics, Gender, and Research” in G. Hanna (ed.), Towards Equity in Mathematics Education,
Dordrecht, the Netherlands: Kluwer Academic Publishers.

What Are the Gender Differences in 
Mathematics Achievement?

Exhibit 1.5 presents average mathematics achievement separately for
girls and boys for each of the participating entities, as well as the differ-
ence between the means, in increasing order of the difference. The
gender difference for each entity is shown by a bar indicating the
amount of the difference, whether its direction favored girls or boys,
and whether it is statistically significant (a darkened bar).

It is good news that in mathematics at the eighth grade, the timss 1999
Benchmarking Study shows relatively equivalent average achievement
for girls and boys in each of the Benchmarking jurisdictions. The
United States as well as a number of other countries around the world
appear to be making progress towards gender equity in mathematics
education. On average across all timss 1999 countries, there was a
modest but significant difference favoring boys, although this varied
considerably from country to country. The only countries with differ-
ences large enough to be statistically significant were Israel, the Czech
Republic, Iran, and Tunisia.

Although achievement differences between the genders are becoming
smaller in mathematics, research indicates that they still exist in those
areas involving the most complex mathematical tasks, particularly as











States

Connecticut 21 (3.1) 29 (3.9) 47 (4.7) 53 (4.4)

Idaho 24 (3.0) 26 (3.0) 49 (3.5) 51 (4.1)

Illinois 23 (3.1) 27 (2.9) 48 (3.7) 52 (3.1)

Indiana † 22 (3.6) 28 (3.7) 47 (4.1) 53 (5.1)

Maryland 22 (2.6) 28 (2.6) 48 (3.4) 52 (3.2)

Massachusetts 23 (2.7) 27 (2.7) 48 (3.4) 52 (3.0)

Michigan 22 (3.3) 29 (3.6) � 48 (4.3) 52 (3.6)

Missouri 23 (2.7) 27 (2.7) 49 (3.3) 51 (2.5)

North Carolina 24 (3.5) 26 (2.8) 49 (3.6) 51 (3.5)

Oregon 24 (2.7) 27 (2.8) 49 (3.2) 51 (3.5)

Pennsylvania 22 (3.0) 28 (2.9) 48 (3.2) 52 (3.6)

South Carolina 24 (3.2) 27 (3.2) 49 (3.8) 51 (3.3)

Texas 22 (3.1) 28 (3.7) 48 (4.4) 52 (4.7)

Districts and Consortia

Academy School Dist. #20, CO 22 (1.6) 28 (1.9) 48 (2.3) 52 (2.1)

Chicago Public Schools, 23 (2.9) 27 (3.6) 50 (4.3) 51 (3.5)

Delaware Science Coalition, DE 22 (4.3) 29 (5.2) 47 (4.9) 53 (5.1)

First in the World Consort., IL 22 (3.8) 28 (3.7) 49 (3.6) 51 (3.9)

Fremont/Lincoln/WestSide PS, NE 24 (3.7) 26 (4.7) 50 (4.0) 50 (4.1)

Guilford County, NC 2 22 (3.0) 28 (4.2) 47 (4.6) 54 (4.3)

Jersey City Public Schools, NJ 24 (3.8) 26 (4.7) 49 (4.6) 51 (3.5)

Miami-Dade County PS, FL 23 (4.1) 27 (3.5) 50 (3.9) 50 (5.0)

Michigan Invitational Group, MI 25 (3.6) 25 (3.6) 51 (4.2) 49 (4.5)

Montgomery County, MD 2 24 (2.3) 26 (2.2) 48 (2.8) 52 (2.0)

Naperville Sch. Dist. #203, IL 23 (1.9) 27 (2.1) 49 (2.6) 51 (2.7)

Project SMART Consortium, OH 24 (4.5) 26 (4.4) 49 (4.8) 51 (5.0)

Rochester City Sch. Dist., NY 22 (3.9) 29 (3.0) 48 (4.4) 52 (3.7)

SW Math/Sci. Collaborative, PA 22 (3.1) 29 (4.2) 47 (4.3) 54 (4.3)

Upper Quarter Median

Percent of
Girls

Percent of
Boys

Percent of
Girls

Percent of
Boys

Significance tests adjusted for multiple comparisons

Significantly greater percentage than other gender�
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(Continued)

8th Grade Mathematics

Percentages of Girls and Boys Reaching Each Participant’s Own Upper Quarter and Median Levels of
Mathematics Achievement
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The timss 1999 international benchmarks delineate

performance of the top 10 percent, top quarter, top

half, and lower quarter of students in the entities

participating in the study. To help interpret the

achievement results, Chapter 2 describes eighth-grade

mathematics achievement at each of these

benchmarks together with examples of the types of

items typically answered correctly by students

performing at the benchmark.

2
Performance at 

International Benchmarks
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To provide an idea of the mathematics understandings and skills
displayed by students performing at different levels on the timss math-
ematics achievement scale, timss described performance at four
international benchmarks. The timss 1999 international benchmarks
delineate performance of the top 10 percent, top quarter, top half, and
lower quarter of students in the countries participating in the timss
1999 study. (The benchmarks were set at the 90th, 75th, 50th, and
25th percentiles, respectively.) 

As states and school districts spend time and energy on improving
students’ mathematics achievement, it is important that educators,
curriculum developers, and policy makers understand what students
know and can do in mathematics, and what areas, concepts, and topics
need more focus and effort. To help interpret the range of achieve-
ment results for the timss 1999 Benchmarking participants presented
in Chapter 1, this chapter describes eighth-grade mathematics achieve-
ment at each of the timss 1999 international benchmarks, explaining
the types of mathematics understandings and skills typically displayed
by students performing at the benchmarks. The benchmark descrip-
tions are presented together with examples of the types of mathematics
test questions typically answered correctly by students reaching the
benchmark. Appendix D contains the descriptions of the understand-
ings and skills assessed by each item in the timss 1999 assessment at
each benchmark.1

For each of the example test questions, the percentages of correct
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students internationally. For example, top-performing Singapore had
nearly half (46 percent) of its students reaching the Top 10% Benchmark
and three-fourths (75 percent) reaching the Upper Quarter Benchmark –
the point on the scale that typically only 25 percent of the students would
be expected to reach if achievement were distributed equally from
country to country. Most of the Singaporean students (93 percent)
reached the Median Benchmark. Performance in the United States was
closer to the distribution that might be expected if achievement were
distributed the same from country to country: nine percent of the
students reached the Top 10% Benchmark, 28 percent reached the Top
Quarter Benchmark, and 61 percent reached the Median Benchmark. 

The analysis of performance at these benchmarks in mathematics suggests
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to identify the sets of items that students reaching each international
benchmark were likely to answer correctly and those at the next lower
benchmark were unlikely to answer correctly.2 The sets of items thus
produced represented the accomplishments of students reaching each
benchmark and were used by a panel of subject-matter experts from
the timss countries to develop the benchmark descriptions.3 The work
of the panel involved developing a short description for each item of
the mathematical understandings demonstrated by students answering
it correctly, summarizing students’ knowledge and understandings
across the set of items for each benchmark to provide more general
statements of achievement, and selecting example items illustrating
the descriptions. 

How Should the Descriptions Be Interpreted?

In general, the parts of the descriptions that relate to the under-
standing of mathematical concepts or familiarity with procedures are
relatively straightforward. It needs to be acknowledged, however, that
the cognitive behavior necessary to answer some items correctly may
vary according to students’ experience. An item may require only
simple recall for a student familiar with the item’s content and context,
but necessitate problem-solving strategies from one unfamiliar with the
material. Nevertheless, the descriptions are based on what the panel
believed to be the way the great majority of eighth-grade students could
be expected to perform.

It also needs to be emphasized that the descriptions of achievement
characteristic of students at the international benchmarks are based
solely on student performance on the timss 1999 items. Since those
items were developed in particular to sample the mathematics domains
prescribed for this study, neither the set of items nor the descriptions
based on them purport to be comprehensive. There are undoubtedly
other mathematics curriculum elements on which students at the
various benchmarks would have been successful if they had been
included in the assessment.

Please note that students reaching a particular benchmark demon-
strated the knowledge and understandings characterizing that
benchmark as well as those characterizing the lower benchmarks. The
description of achievement at each benchmark is cumulative, building
on the description of achievement demonstrated by students at the
lower benchmarks.

2 For example, for the Top 10% Benchmark, an item was included if at least 65 percent of students scoring at the scale point corre-
sponding to this benchmark answered the item correctly and less than 50 percent of students scoring at the Upper Quarter
Benchmark answered it correctly. Similarly, for the Upper Quarter Benchmark, an item was included if at least 65 percent of stu-
dents scoring at that point answered the item correctly and less than 50 percent of students at the Median Benchmark answered
it correctly.

3 The participants in the scale anchoring process are listed in Appendix E.
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subscriptions. With an international average of 24 percent correct (for
full credit), this item was among the most difficult in timss 1999.
Singapore, Korea, and Chinese Taipei were the only countries where
the majority of the students answered correctly. The best performance
by a Benchmarking entity was in Naperville, where 41 percent of the
eighth graders answered correctly. Students in the First of World
Consortium (36 percent) and Montgomery County (35f the
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* The item was answered correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

† Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).

2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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



* The item was answered fully correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

† Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).

2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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

The answer shown illustrates the type of student response that was given full credit.

Description: Selects relevant information from two advertisements to solve a
complex word problem involving decimals.

Content Area: Data Representation, Analysis and Probability

Singapore 57 (2.1) �

Korea, Rep. of 52 (1.5) �

Chinese Taipei 50 (1.8) �

Belgium (Flemish) † 42 (1.7) �

Naperville Sch. Dist. #203, IL 41 (2.6) �

Japan 39 (1.5) �

First in the World Consort., IL 36 (2.9) �

Montgomery County, MD 2 35 (2.8) �

Hong Kong, SAR † 34 (1.8) �

Czech Republic 34 (2.5) �

Canada 32 (1.8) �

Connecticut 32 (2.7) �

Texas 31 (4.0) �

Russian Federation 30 (2.4) �

Project SMART Consortium, OH 30 (3.5) �

Indiana † 29 (3.5) �

Massachusetts 29 (2.7) �

Michigan Invitational Group, MI 29 (2.2) �

Academy School Dist. #20, CO 27 (2.5) �

Italy 27 (1.7) �

Jersey City Public Schools, NJ 27 (4.4) �

SW Math/Sci. Collaborative, PA 27 (3.2) �

Guilford County, NC 2 26 (2.4) �

Pennsylvania



* The item was answered correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

† Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).

2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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

Description: Uses properties of similar triangles to find the length of a
corresponding side.

Content Area: Geometry

Korea, Rep. of 70 (1.9) �

Japan 68 (1.9) �



* The item was answered fully correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details

† Met guidelines for sample participation rates only after replacement schools were included (see
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Achievement at the Upper Quarter Benchmark

Exhibit 2.6 describes performance at the Upper Quarter Benchmark.
Eighth-grade students performing at this level applied their mathemat-
ical knowledge and understandings in a wide variety of relatively
complex problem situations. For example, they demonstrated facility
with fractions in various formats, as illustrated by Example Item 5
shown in Exhibit 2.7. This item required students to shade squares in a
rectangular grid to represent a given fraction. Since the grid is divided
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Students can apply their understanding and knowledge in a wide variety of relatively complex
situations.  They can order, relate and compute with fractions and decimals to solve word problems;
solve multi-step word problems involving proportions with whole numbers; solve probability
problems; use knowledge of geometric properties to solve problems; identify and evaluate
algebraic expressions and solve equations with one variable.

Students demonstrate some facility with fractions and
decimals through computation, ordering, rounding, and
use in word problems. They can recognize equivalent
fractions, add, subtract, multiply and divide fractions with
unlike denominators, and correctly order operations. They
can identify the smallest decimal from a set of decimals
with differing number of places and provide a fraction
that is less than a given fraction. They can solve word
problems involving multiplication and division of whole
numbers and fractions and use pictorial representations
of fractions in solving problems. They can identify the
fraction of an hour representing a given time interval and
identify fractions representing the comparison of part to
whole, given each of two parts in a word problem setting.

Students can select the correct rounding of a number
involving four decimal places, identify the decimal that
is between two decimals given in hundredths, and solve
a word problem that involves multiplying a decimal in
thousandths by a multiple of a hundred. They can
produce an example of a number that would round to
a given value. Given a length rounded to the nearest
centimeter, they can identify an example of the actual
length expressed to one decimal place. Students can



* The item was answered correctly by a majority of students reaching this benchmark.

States in italics
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* The item was answered correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

† Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).

2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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

The answer shown illustrates the type of student response that was given credit.

Description: Finds the area of a rectangle contained in a parallelogram of
given dimensions.

Content Area: Measurement

Singapore 83 (1.5) �

Japan 80 (1.2) �

Hong Kong, SAR † 78 (1.6) �

Korea, Rep. of 78 (1.3) �

Chinese Taipei 75 (1.4) �

Naperville Sch. Dist. #203, IL 65 (2.8) �

Belgium (Flemish) † 65 (2.0) �

First in the World Consort., IL 62 (4.3) �

Canada 58 (1.6) �

Netherlands † 55 (4.7) �

Academy School Dist. #20, CO 49 (3.4) �

Russian Federation 49 (2.8) �

Italy 48 (2.1) �

England † 48 (2.3) �

Czech Republic 46 (2.9) �

Oregon 46 (4.0) �

Michigan Invitational Group, MI 46 (3.9) �

Montgomery County, MD 2 45 (3.9) �







Performance at International Benchmarks

Achievement at the Median Benchmark

Students at the Median Benchmark demonstrated the ability to apply
basic mathematical knowledge in straightforward situations (see Exhibit
2.12). For example, as shown by Example Item 10 in Exhibit 2.13,
students showed that they understand rounding and can use it to esti-
mate the results of computations. Given the number of rows of cars in a
parking lot and the number of cars in each row, students chose the
number sentence that would give the best estimate of the total number
of cars. While students at the Lower Quarter Benchmark rounded to
the nearest hundred, students at the Median Benchmark successfully
rounded numbers to get the best estimate for a product. Moreover,
middle-performing students demonstrated greater competence with
word problems than did those at the Lower Quarter Benchmark. The
Benchmarking participants performed particularly well on this test
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Students can apply basic mathematical knowledge in straightforward situations. They can add
or subtract to solve one-step word problems involving whole numbers and decimals; identify
representations of common fractions and relative sizes of fractions; solve for missing terms in
proportions; recognize basic notions of percents and probability; use basic properties of geometric
figures; read and interpret graphs, tables, and scales; and understand simple algebraic relationships.

Students can apply basic mathematical knowledge in
straightforward situations. They are able to use addition
and subtraction to solve one-step word problems
involving whole numbers and decimals. They can round
whole numbers to the nearest hundred and identify
the number sentence that gives the best estimate for
the product of two numbers after rounding. Students
can arrange four given digits in descending and
ascending order to form the largest and smallest
possible numbers, and find the difference between
those two numbers. Students can approximate the
quantity remaining after an amount is reduced by a
given percent.

Students demonstrate an understanding of place value
in decimal numbers. They can estimate the location of
a point representing a decimal number in tenths on a
number line marked in whole numbers and identify
an unlabeled midway point on a number line marked
in tenths. They can set up and solve one-step problems
involving addition and subtraction of numbers having
up to three decimal places, including situations where
the numbers have a different number of decimal places.
Given an object of one length, to one decimal place,
they can estimate the length of another object.

Students can select the smallest fraction from a list of
fractions and can recognize models representing
fractions as shaded regions. They can find the missing
term in a proportion in word problems and number
sentences. Students can solve a simple word problem
involving the likelihood of a successful outcome.

Students are able to select the appropriate metric unit
to measure the mass of an object. They recognize the
inverse relationship between the length of a unit and
the number of units required to cover a distance.

Students can locate and interpret data presented in
bar graphs, pictographs, pie graphs, and line graphs.
Given a table of values for two variables, they can
select the graph that represents the given data.

Students can solve problems involving the properties
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Description: Identifies the linear equation corresponding to a given verbal
statement involving a variable.

Content Area: Algebra

Naperville Sch. Dist. #203, IL 94 (1.4) �

Hong Kong, SAR † 93 (0.9) �

First in the World Consort., IL 90 (1.4) �

Singapore 89 (1.7) �

Montgomery County, MD 2 87 (1.4) �

Japan 86 (0.8) �

Academy School Dist. #20, CO 85 (1.6) �

Korea, Rep. of 85 (0.7) �

Chinese Taipei 84 (1.1) �

Michigan 82 (1.6) �

Canada 82 (1.0) �

Russian Federation 82 (1.6) �

Project SMART Consortium, OH 82 (2.1) �

Pennsylvania 81 (1.8) �

Belgium (Flemish) † 81 (1.2) �
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Performance at International Benchmarks

Achievement at the Lower Quarter Benchmark 

As shown in Exhibit 2.16, the few items anchoring at the Lower
Quarter Benchmark provided evidence that students performing at this
level can add, subtract, and round with whole numbers. For example,
students answering Example Item 13 correctly rounded 691 and 208 to
estimate their sum as close to the sum of 700 and 200 (see Exhibit
2.17). The international average was 80 percent correct, and 27 coun-
tries had three-quarters or more of their students choosing the correct
answer. In four countries – Singapore, Belgium (Flemish), Japan, and
the Netherlands – 95 percent or more of the students gave the correct
response. That level of performance was attained by students in twelve
Benchmarking entities: Naperville, Indiana, the Michigan Invitational
Group, the Southwest Pennsylvania Math and Science Collaborative,
Montgomery County, the Project smart Consortium, Connecticut,
Pennsylvania, Illinois, Missouri, Texas, and the First in the World
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In addition, Example Item 16 in Exhibit 2.20 shows that students at this
level could read a thermometer and locate the correct reading in a table.
Internationally on average, 79 percent of students answered the item
correctly. Students in the Benchmarking entities performed comparatively
well on this question. Sixteen of the Benchmarking participants
performed significantly above the international average and none below
it. Essentially all of the students in Naperville (99 percent) responded
correctly, and 90 percent or more did so in First in the World, the
Academy School District, Illinois, Project smart, Indiana, the Southwest
Pennsylvania Math and Science Collaborative, and Massachusetts.





* The item was answered correctly by a majority of students reaching this benchmark.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

† Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).

2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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

Description: Rounds to estimate the sum of two three-digit numbers.

Content Area: Fractions and Number Sense

Naperville Sch. Dist. #203, IL 99 (0.5) �

Indiana † 97 (0.7) �

Singapore 97 (0.5) �

Michigan Invitational Group, MI 97 (1.0) �

Belgium (Flemish) † 96 (0.7) �

SW Math/Sci. Collaborative, PA 96 (1.1) �

Montgomery County, MD 2 95 (0.9) �

Project SMART Consortium, OH 95 (1.0) �

Japan 95 (0.5) �

Connecticut 95 (1.1) �

Pennsylvania 95 (1.1) �

Illinois 95 (0.9) �

Missouri 95 (0.8) �





Content Area: Fractions and Number Sense

Singapore 92 (1.3) �

Chinese Taipei 90 (1.2) �

Texas 90 (1.9) �

Hong Kong, SAR † 90 (1.3) �

Korea, Rep. of 88 (1.2) �

Naperville Sch. Dist. #203, IL 88 (2.7) �

Japan 86 (1.4) �

Belgium (Flemish) † 85 (2.1) �

Academy School Dist. #20, CO 84 (2.8) �

Indiana † 84 (3.3) �

Canada 83 (1.4) �

Massachusetts 82 (2.3) �

Montgomery County, MD 2 82 (4.3) �

Illinois 82 (2.4) �

Czech Republic 82 (2.4) �

Jersey City Public Schools, NJ 81 (2.8) �

Idaho 81 (2.8) �

United States 81 (1.6) �

Oregon 80 (2.1) �

Guilford County, NC 2 80 (4.5) �

Chicago Public Schools, IL 80 (4.9) �

Russian Federation 79 (2.2) �

Netherlands † 79 (3.4) �

SW Math/Sci. Collaborative, PA 79 (2.9) �

Michigan Invitational Group, MI 78 (4.8) �

Missouri 77 (3.3) �

Pennsylvania 77 (2.4) �

Connecticut 77 (3.8) �

South Carolina 77 (2.6) �

Project SMART Consortium, [.06 0 Td
[(78)-468((4.8))]TJ
0 0 0 0.2 k
/GS2 gs
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Naperville Sch. Dist. #203, IL 99 (1.0) �

Japan 96 (0.8) �

Singapore 95 (0.9) �

Belgium (Flemish) † 95 (1.5) �

First in the World Consort., IL 95 (2.7) �

Academy School Dist. #20, CO 92 (2.1) �

Korea, Rep. of 92 (0.9) �

England † 92 (2.2) �

Chinese Taipei 91 (1.2) �

Czech Republic 91 (1.9) �

Illinois 91 (1.8) �

Project SMART Consortium, OH 91 (3.7) �

Indiana † 91 (1.9) �

SW Math/Sci. Collaborative, PA 91 (1.8) �

Hong Kong, SAR † 90 (1.5) �

Netherlands † 90 (2.6) �

Massachusetts 90 (2.0) �

Canada 89 (2.6) �

United States 89 (1.2) �

Fremont/Lincoln/WestSide PS, NE 89 (2.2) �

Montgomery County, MD 2 89 (3.2) �

North Carolina 89 (2.2) �

Idaho 89 (2.6) �

Oregon 88 (1.9) �

Michigan Invitational Group, MI 88 (3.3) �

Texas 88 (2.3) �

Guilford County, NC 2 88 (4.1) �

Michigan 88 (2.7) �

Pennsylvania 87 (3.6) �

Connecticut 87 (3.6) �

Missouri 87 (1.9) �

Maryland 87 (1.8) �

Delaware Science Coalition, DE 87 (3.2) �

South Carolina 87 (2.1) �

Chicago Public Schools, IL 86 (3.5) �
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Chapter 3 presents results by the major content 

areas in mathematics to provide information about 

the possible effects of curricular variation on average

achievement. Average performance is provided for

five content areas: fractions and number sense;
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How Does Achievement Differ Across Mathematics
Content Areas?

Exhibit 3.1 presents average achievement in each of the five mathematics
content areas for the Benchmarking states, districts, and consortia. The
Benchmarking jurisdictions as well as selected reference countries are
displayed in decreasing order of achievement for each content area, and
symbols indicate whether performance is statistically significantly above or
below the international average for all of the countries that participated
in timss 1999. To allow comparison of the relative performance of each
country in each content area, the international average for each content
area was scaled to be 487, the same as the overa-2h..487
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There is abundant evidence that student achievement

is related to home background factors, and to

students’ activities and attitudes. To help interpret

the achievement results, Chapter 4 provides detailed

information about students’ home backgrounds, 

how they spend their time out of school, their 

self-concept in mathematics, and their attitudes 

towards mathematics. 
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used in this report. Despite the different educational approaches, struc-
tures, and organizations across the timss 1999 countries, it is clear that
parents’ education is positively related to students’ mathematics achieve-
ment. The pattern across countries was that eighth-grade students
whose parents had more education were also those who had higher
achievement in mathematics. The same was true for nearly all
Benchmarking jurisdictions.

As information technology and the Internet become more and more
important as an educational resource, those who do not have access to
this technology will be increasingly at a disadvantage. To provide informa-
tion about this “digital divide,” Exhibit 4.2 presents the percentage of
students in each entity that reported having a computer at home,
together with their average mathematics achievement. Compared with
some of the reference countries as well as the international average (45
percent), students in the Benchmarking jurisdictions reported relatively
high levels of computer ownership; more than 70 percent of students in
each state reported having a computer at home. In the wealthier districts
and consortia such as the Academy School District, the First in the World
Consortium, Montgomery County, and the Naperville School District,
more than 90 percent of students so reported. Even in the less advan-
taged public school districts, more than half the students reported having
a computer at home. In almost every entity, students with a computer at
home had higher average mathematics achievement than those without. 

Students who speak a language (or languages) in the home that is
different from the language spoken in school sometimes benefit from
being multilingual. However, when they are still developing proficiency in
the language of instruction they can be at a disadvantage in learning situ-
ations. Exhibit 4.3 contains students’ reports of how frequently they speak
the language of the timss test at home in relation to their average mathe-
matics achievement. Students from homes where the language of the test
is always or almost always spoken had higher average achievement than
those who spoke it less frequently. In all of the Benchmarking states
except Massachusetts and Texas, 90 percent or more of the students
reported always or almost always speaking the language of the test at
home. The percentage of students speaking the language of the test at
home was lower in a number of school districts, however, particularly the
public school systems in Chicago, Jersey City, and Miami-Dade.

Exhibit 4.4 presents students’ reports of their race/ethnicity. Across the
United States as a whole, 63 percent reported that they were white, 15
percent black, 12 percent Hispanic, five percent Asian or Pacific Islander,
one percent American Indian or Alaskan Native, and four percent other.

text continued
from page 111
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States

Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas
Districts and Consortia

Academy School Dist. #20, CO

Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI

Montgomery County, MD

Naperville Sch. Dist. #203, IL

Project SMART Consortium, OH

Rochester City Sch. Dist., NY

SW Math/Sci. Collaborative, PA

United States

Asian/
Pacific Islander

American Indian/
Alaskan Native Other

Percent of
Students

Average
Achievement

Percent of
Students

Average
Achievement

Percent of
Students

Average
Achievement

2 (0.4)

2 (0.5)

4 (0.9)

2 (0.4)

5 (0.6)

5 (0.8)

2 (0.3)

1 (0.3)

1 (0.3)

4 (0.7)

3 (1.4)

1 (0.2)

4 (1.4)

4 (0.6)

2 (1.0)

2 (0.6)

15 (1.7)

3 (0.5)

4 (0.4)

16 (1.7)

2 (0.6)

3 (0.5)

15 (1.4)

12 (0.8)

3 (0.5)

3 (0.5)

1 (0.4)

5 (1.3)

~ ~

~ ~

544 (11.9)

~ ~

551 (7.0)

559 (19.8)

~ ~

~ ~

~ ~

531 (10.0)

526 (17.1)

~ ~

569 (24.1)

527 (10.7)

~ ~

~ ~

591 (11.4)

476 (17.6)

529 (14.2)

533 (16.2)

~ ~

580 (16.4)

564 (6.7)

599 (5.9)

550 (23.1)

500 (22.4)

~ ~

539 (10.7)

0 (0.2)

2 (0.5)

0 (0.2)

1 (0.3)

1 (0.2)

1 (0.2)

1 (0.2)

1 (0.4)

1 (0.4)

3 (0.5)

1 (0.2)

1 (0.2)

1 (0.1)

1 (0.3)

1 (0.2)

1 (0.2)

1 (0.4)

2 (0.4)

1 (0.2)

0 (0.2)

1 (0.1)

0 (0.2)

1 (0.2)

0 (0.1)

1 (0.2)

2 (0.5)

0 (0.1)

1 (0.2)

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

482 (11.7)

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

4 (0.6)

2 (0.3)

2 (0.4)

2 (0.4)

5 (0.6)

5 (0.8)

3 (0.3)

3 (0.4)

2 (0.4)

4 (0.5)

3 (0.5)

2 (0.3)

3 (0.4)

4 (0.5)

2 (0.5)

5 (0.9)

2 (0.8)

5 (0.9)

2 (0.5)

7 (0.8)

5 (1.1)

3 (0.3)

6 (0.8)

3 (0.5)

3 (0.7)

7 (1.0)

2 (0.4)

4 (0.3)

481 (13.8)

~ ~

~ ~

~ ~

511 (12.5)

490 (13.4)

490 (14.1)

450 (15.3)

~ ~

517 (10.0)

512 (12.1)

~ ~

515 (16.7)

511 (12.1)

~ ~

475 (13.6)

~ ~

475 (19.3)

~ ~

504 (16.5)

426 (24.1)

533 (19.2)

535 (14.3)

549 (8.6)

519 (15.8)

465 (13.3)

~ ~

496 (9.5)
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How Much of Their Out-of-School Time Do Students Spend on
Homework During the School Week?

One of the main ways for students to consolidate and extend classroom
learning is to spend time out of school studying or doing homework.
Well-chosen homework assignments can reinforce classroom learning,
and by providing a challenge can encourage students to extend their
understanding of the subject matter. Homework also allows students
who are having trouble keeping up with their classmates to review
material taught in class. 

To summarize the amount of time typically devoted to homework in
each country and Benchmarking jurisdiction, timss constructed an
index of out-of-school study time (ost) that assigns students to a high,
medium, or low level based on the amount of time they reported
studying mathematics, science, and other subjects. Students at the high
level reported spending more than three hours each day out of school
studying all subjects combined. Students at the medium level reported
spending more than one hour but not more than three, while those at
the low level reported one hour or less per day. 

Exhibit 4.6 shows the percentages of students at each level of this
index, and their average mathematics achievement, for Benchmarking
participants and comparison countries. On average across all the timss
1999 countries, 38 percent of eighth-grade students were at the high
level of the out-of-school study time index, and a further 48 percent
were at the medium level. Only 14 percent, on average, were at the low
level, with just one hour of homework or less each day. The United
States was one of the countries with relatively little emphasis on home-
work, with just 22 percent of students at the high level and 23 percent
at the low level. Among Benchmarking participants, the jurisdictions
that reported the greatest amount of out-of-school study time included
the Jersey City and Chicago Public Schools, and the Academy School
District, which each had more than one-third of their students at the
high level of the index.

On average internationally, and in many of the Benchmarking entities,
students at the low index level had lower average mathematics achieve-
ment than their classmates who reported more out-of-school study
time. However, spending a lot of time studying was not necessarily asso-
ciated with higher achievement. In many of the Benchmarking entities,
students at the medium level of the study index had average achieve-
ment that was as high as or higher than that of students at the high
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level. This pattern suggests that, compared with their higher-achieving
counterparts, the lower-performing students may do less homework, either
because they simply do not do it or because their teachers do not assign it,
or more homework, perhaps in an effort to keep up academically.

More detailed information on the amount of time students reported
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How Do Students Perceive Their Ability in Mathematics?

To investigate how students think of their abilities in mathematics,
timss created an index of students’ self-concept in mathematics
(scm). It is based on student’s responses to five statements about their
mathematics ability: 

• I would like mathematics much more if it were not so difficult

• Although I do my best, mathematics is more difficult for me than for
many of my classmates

• Nobody can be good in every subject, and I am just not talented 
in mathematics

• Sometimes when I do not understand a new topic in mathematics
initially, I know that I will never really understand it

• Mathematics is not one of my strengths.

Students who disagreed or strongly disagreed with all five statements
were assigned to the high level of the index, while students who agreed
or strongly agreed with all five were assigned to the low level. The
medium level includes all other combinations of responses. (As an
example of one of the components of the index, Exhibit R1.11 in the
reference section shows the percentages of agreement for the state-
ment “mathematics is not one of my strengths.”)

The percentages of eighth-grade students at each index level, and their
average mathematics achievement, are presented in Exhibit 4.8. Across
participating countries, the United States was among those with the
greatest percentages of students at the high level of the self-concept
index: 31 percent compared with 18 percent on average across all
countries. Several of the Benchmarking participants had even greater
percentages at the high level, notably the Naperville School District
and the First in the World Consortium, with 40 percent or more of
students at this level. 

Although there was a clear positive association between self-concept and
mathematics achievement within every country and within every
Benchmarking jurisdiction, the relationship across entitiess was more
complex. Several countries with high average mathematics achievement,
including Singapore, Hong Kong, Chinese Taipei, Korea, and Japan,
had relatively low percentages of students (15 percent or less) in the
high self-concept category. Since all of these are Asian Pacific countries,
they may share cultural traditions that encourage a modest self-concept.

text continued
on  page 132



States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). ( ) Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.

Index based on students’
responses to five statements
about their mathematics
ability: 1) I would like
mathematics much more if it
were not so difficult;
2) although I do my best,
mathematics is more difficult
for me than for many of my
classmates; 3) nobody can be
good in every subject, and I
am just not talented in
mathematics; 4) sometimes,
when I do not understand a
new topic in mathematics
initially, I know that I will
never really understand it;
5) mathematics is not one of
my strengths.  High level
indicates student disagrees
or strongly disagrees with all
five statements.  Low level
indicates student agrees or
strongly agrees with all five
statements.  Medium level
includes all other possible
combinations of responses.

Index of Students’
Self-Concept in
Mathematics

Russian Federation 45 (1.5) 568 (4.7) 44 (1.1) 510 (6.5) 11 (0.8) 470 (10.9)

Naperville Sch. Dist. #203, IL 44 (1.4) 597 (3.9) 49 (1.7) 554 (3.1) 7 (0.8) 507 (7.6)

First in the World Consort., IL 40 (2.5) 590 (6.9) 55 (3.1) 545 (6.1) 5 (1.1) 481 (9.0)

SW Math/Sci. Collaborative, PA 36 (1.9) 553 (7.8) 56 (1.6) 504 (7.6) 8 (0.7) 447 (11.7)

Chicago Public Schools, IL 36 (2.8) 505 (6.7) 56 (2.7) 445 (6.0) 8 (1.2) 404 (9.1)

North Carolina 36 (1.7) 533 (7.5) 54 (1.4) 484 (6.7) 10 (0.8) 430 (8.7)

Michigan 36 (1.6) 554 (7.4) 53 (1.7) 508 (6.7) 11 (0.8) 452 (6.4)

Oregon 35 (1.6) 552 (5.8) 55 (1.3) 505 (5.6) 9 (0.9) 444 (7.5)

Illinois 35 (1.8) 549 (6.9) 56 (1.5) 495 (7.0) 9 (0.9) 448 (7.5)

Connecticut 35 (2.0) 547 (10.0) 56 (1.8) 502 (8.5) 9 (1.0) 448 (9.5)

Canada 35 (1.0) 573 (2.9) 56 (1.0) 517 (2.4) 9 (0.5) 459 (6.1)

Fremont/Lincoln/WestSide PS, NE 34 (2.1) 539 (9.7) 51 (1.7) 479 (9.1) 14 (1.5) 406 (8.6)

Project SMART Consortium, OH 34 (2.2) 562 (8.4) 56 (2.0) 509 (7.1) 10 (1.2) 448 (7.5)

Academy School Dist. #20, CO 34 (1.4) 560 (3.4) 58 (1.5) 521 (2.8) 8 (0.8) 460 (8.5)

Pennsylvania 34 (1.7) 543 (8.3) 56 (1.3) 499 (5.5) 10 (0.9) 443 (6.3)

Montgomery County, MD 33 (1.7) 572 (6.1) 58 (1.5) 529 (3.4) 9 (1.1) 473 (9.8)

Michigan Invitational Group, MI 33 (2.3) 568 (6.1) 55 (2.2) 527 (4.7) 12 (1.0) 465 (13.0)

Guilford County, NC 33 (2.7) 535 (7.7) 60 (2.7) 508 (8.0) 8 (1.1) 469 (13.5)

Massachusetts 33 (1.9) 553 (6.4) 58 (1.5) 503 (5.5) 10 (1.0) 446 (8.1)

Indiana 32 (1.9) 557 (6.9) 57 (1.5) 504 (6.5) 12 (1.1) 457 (9.6)

Rochester City Sch. Dist., NY 31 (1.6) 486 (6.6) 54 (1.6) 440 (8.0) 15 (1.2) 402 (8.1)

Maryland 31 (1.4) 535 (5.7) 58 (1.0) 487 (6.2) 11 (0.9) 432 (7.6)

Delaware Science Coalition, DE 31 (1.5) 528 (9.7) 57 (1.8) 472 (7.9) 12 (1.1) 418 (12.6)

United States 31 (1.0) 551 (4.6) 58 (0.8) 493 (3.9) 11 (0.6) 435 (5.6)

Idaho 31 (1.9) 534 (7.6) 58 (1.5) 488 (6.4) 11 (0.9) 429 (9.7)

Jersey City Public Schools, NJ 30 (2.8) 531 (8.9) 60 (2.4) 459 (6.8) 9 (1.2) 413 (9.3)

England 30 (1.3) 543 (5.0) 61 (1.2) 487 (3.9) 9 (0.6) 430 (6.5)

Texas 29 (1.5) 565 (9.0) 60 (1.3) 513 (9.1) 11 (1.1) 447 (10.6)

South Carolina 28 (1.8) 548 (6.9) 61 (1.4) 492 (7.7) 11 (0.9) 441 (8.0)

Missouri 27 (1.6) 527 (7.0) 60 (1.6) 484 (5.1) 12 (0.8) 441 (8.6)

Netherland 27 (2.0) 578 (7.0) 65 (1.8) 532 (7.7) 8 (0.9) 490 (9.8)

Belgium (Flemish) 25 (0.8) 600 (5.4) 62 (0.8) 554 (3.3) 13 (1.1) 506 (7.8)

Italy 24 (0.9) 539 (3.8) 63 (0.9) 474 (3.8) 13 (0.8) 412 (5.4)

Miami-Dade County PS, FL 23 (2.2) 478 (13.0) 60 (1.8) 420 (9.2) 17 (2.1) 364 (8.2)

Czech Republic 19 (1.2) 585 (5.7) 66 (1.0) 515 (4.0) 15 (1.0) 461 (5.5)

Singapore 15 (1.0) 656 (8.8) 74 (0.8) 603 (5.7) 11 (0.7) 547 (7.1)

Hong Kong, SAR 14 (0.7) 624 (4.6) 71 (0.8) 585 (3.8) 14 (0.8) 531 (6.3)

Chinese Taipei 11 (0.5) 660 (6.0) 75 (0.7) 591 (3.9) 14 (0.7) 506 (4.2)

Korea, Rep. of 10 (0.5) 646 (4.0) 85 (0.5) 585 (1.8) 5 (0.3) 515 (5.7)

Japan 6 (0.4) 634 (6.2) 82 (0.5) 581 (1.8) 12 (0.5) 536 (3.8)

International Avg.
(All Countries)

18 (0.2) 547 (1.1) 67 (0.2) 486 (0.7) 15 (0.1) 436 (0.9)

Medium
SCM

Low
SCM

High
SCM

Percent of
Students

Average
Achievement

Percent of
Students

Percent of
Students

Average
Achievement

Average
Achievement
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What Are Students’ Attitudes Towards Mathematics?

Generating positive attitudes towards mathematics among students is an
important goal of mathematics education in many jurisdictions. To gain
some understanding of eighth-graders’ views about the utility of mathe-
matics and their enjoyment of it as a school subject, timss created an
index of positive attitudes towards mathematics (patm). Students were
asked to state their agreement with the following five statements:

• I like mathematics

• I enjoy learning mathematics

• Mathematics is boring5

• Mathematics is important to everyone’s life

• I would like a job that involved using mathematics.

For each statement, students responded on a four-point scale indicating
whether their feelings about mathematics were strongly positive, positive,
negative, or strongly negative. The responses were averaged, with students
being placed in the high category if their average indicated a positive or
strongly positive attitude. Students with a negative or strongly negative
attitude on average were placed in the low category. The students
between these extremes were placed in the medium category. The results
are presented in Exhibit 4.10. (Additional information on students’ liking
mathematics, one of the components of the index, is provided in
Exhibit R1.12 in the reference section.)

Internationally, eighth graders generally had positive attitudes towards
mathematics, with 37 • M2 3r32.sitfrage ac1n.q6 sr3 06di7l information 2.9(, eighth graderir feelp[1dr.USionc376 m4 omel o6 1 Tf)e.  om14T*eExhibit R
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The first part of Chapter 5 presents information about

the curricular goals in the timss 1999 countries and

Benchmarking states, districts, and consortia. The ways

in which the curriculum is supported and monitored

within each entity, and the relationship between the

curriculum and system-wide testing, are examined.

The second part of the chapter contains teachers’

reports about the mathematics topics actually studied

in their classrooms.

5
The Mathematics

 

Curric
ulum
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Does Decision Making About the Intended Curriculum Take Place
at the National, State, or Local Level?

Depending on the education system, students’ learning goals are set at











147



1

As shown in Exhibit 5.6, nine of the 13 Benchmarking states developed
materials that included pedagogical guidance for instruction and imple-
mentation of the curriculum frameworks and standards. Twelve districts
and consortia had at least state- or district-level guides to support
curriculum implementation. 

As shown in Exhibit 5.7, six of the participating states had accreditation
systems, four of which included student performance on the state assess-
ment in their accreditation review (Indiana, Michigan, Missouri, and
Oregon). Two states without accreditation systems, Illinois and Texas,
made periodic site visits to evaluate schools. Only one consortium, the
Michigan Invitational Group, reported having an accreditation system at
the state level. The Academy School District in Colorado reported that
the state was in the process of implementing a system for 2001. 









Background data provided by coordinators from participating jurisdictions.

States
Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas

The “South Carolina Standards Implementation Guide” includes information on standards-based education in the State, standards-based
assessment practices, samples of standards-based instructional modules, tips and tools for educators (vignettes, content briefs, etc.), glossary
of terms, and a list of websites.

The Educator’s Guides include objectives for mathematics (grade 3 - high school algebra). The Supplement to the Educator’s Guide
includes additional information on teaching the objectives and sample problems. Study Guides are provided to students performing below the
standard on state assessments. These Study Guides, for use by students, parents, and teachers, include sample problems and activities.

Pedagogical guides are not available at the state level.

Performance descriptors have been completed in draft form. Classroom assessment tasks and student-work examplars will be available
Summer 2001.

The “Indiana Mathematics Proficiency Guide” (1997) contains grade specific standards with ideas for activities including examples that
clarify the skills, and ways to incorporate communication, reasoning, problem solving, connections, and technology into the mathematics
classroom. New Curriculum Frameworks are being written to support Indiana’s new Academic Standards (2000).

The guide “Better Mathematics: Building Effective Teaching Through Educational Research” focuses on appropriate teaching methods.

The curriculum frameworks provide teaching activities for each learning standard.

Toolkits are designed to support the implementation of the curriculum frameworks including kits on planning subject area instructional
units, curriculum integration, designing classroom assessments, and connecting with the learner. The “Mathematics Teaching and Learning
Sample Activities” was developed specifically to assist in teaching the mathematics frameworks.

The Curriculum Frameworks provide appropriate teaching activities by discipline with examples of how “Show-Me Standards” may be
taught and assessed.

The development of a curriculum enhancement guide is in process.

Pedagogical Guides

The “Guide to K-12 Program Development in Mathematics” (1999) provides a curriculum framework with content standards and
performance standards as well as “illustrative lessons” for each content standard at each grade band. In addition, the state provides curriculum
handbooks with objectives, sample lessons, sample test items, and teacher resources. Prototype assessments with high-quality student responses
are also distributed.

Pedagogical guides are not available at the state level.

“Teaching and Learning to Standards” supports the Oregon content standards and provides best practices, example lessons, teaching
strategies, tools and on-line resources.
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What TIMSS 1999 Countries Have Assessments And Exams 
in Mathematics?

Assessments and exams that are aligned with the intended curriculum
provide a means for evaluating system- and student-level achievement.
System-wide assessments are designed primarily to inform policy makers
about matters such as national standards of achievement of the
intended curriculum objectives, strengths and weaknesses in the
curriculum or how it is being implemented, and whether educational
achievement is improving or deteriorating. The primary purpose of
national public examinations, while providing information of interest
to national and regional policy makers, is to provide information for
making decisions about individual students.

Exhibit 5.8 shows that about two-thirds of the participating countries
had national assessments in mathematics, with half of those assessing all
students and half sampling students. Most countries tested two or three
grades, with Hong Kong (nine grades) and Korea (seven grades)
testing the most grades. Generally, the purpose of system-wide assess-
ments was to provide feedback to government policy makers and the
public, although some countries provided feedback to individual
schools. For example, in Singapore the 20 schools found to provide the
greatest value-added measures received monetary rewards, as did
teachers of the top 25 percent of classes in Chile. 

Using public examinations as a way to select students for university or
academic tracks in secondary school can be an important motivating
factor for student achievement (see Exhibit 5.9
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What Benchmarking Jurisdictions Have Assessments in
Mathematics?

Across the United States, many states are conducting assessments based
on their own content standards and are assessing whether students in
their schools are meeting these standards for academic achievement.
Forty-three states have some type of criterion-referenced mathematics
assessment aligned to state standards.5 

All 13 Benchmarking states had developed or were developing state-level
mathematics assessments aligned with their state curriculum frameworks
or content standards. As summarized in Exhibits 5.10 and 5.11, most of
them reported recently revising or developing their criterion-referenced
assessment to align with their current eighth-grade framework/standards.
Assessments in Connecticut, Idaho, Indiana, Maryland, Massachusetts,
North Carolina, and Texas were reported to be in revision, and those in
Illinois, Michigan, and South Carolina to be in development. In addition
to these criterion-referenced assessments, seven states (Idaho, Illinois,
Indiana, Maryland, Missouri, North Carolina, and South Carolina)
reported using norm-referenced mathematics tests to assess student math-
ematics achievement statewide. 

All the Benchmarking states except Pennsylvania have participated in
recent state mathematics assessments as part of the National Assessment
of Educational Progress (naep). Ten of the 13 states participated in both
1996 and 2000, and Idaho and Oregon in one of the years. 

As shown in Exhibit 5.12, six of the Benchmarking states use or plan to
use performance on a mathematics assessment as a requirement for grad-
uation from high school. In Indiana and Texas, the exit exam was based
on the state mathematics standards. In Maryland, North Carolina, and
South Carolina, they were basic skills competency tests not based on state
standards, but these states were in the process of changing to standards-
based exit exams. Massachusetts was planning to institute a
standards-based exit exam beginning with the class of 2003. 

Benchmarking states reported a range of other consequences of their
mathematics assessments for students, apart from their use as a gradua-
tion requirement. For example, Connecticut, Oregon, and Pennsylvania
reported that they affix a certificate or seal to students’ diplomas to show
that they have met the performance goal on the state high school mathe-
matics assessment; Illinois, North Carolina, Oregon, and South Carolina
reported a policy of using assessment results to assist in making promo-
tion decisions; Texas was phasing in a promotion policy; and Connecticut

5 Orlofsky, G.F. and Olson, L. (2001), “The State of the States” in Quality Counts 2001, A Better Balance: Standards, Tests, and the Tools
to Succeed, Education Week 20(17).
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What Are the Major Characteristics of the Intended Curriculum?

Exhibit 5.15 indicates the relative emphasis given to various aspects of
mathematics instruction in the intended curriculum. As might be antici-
pated for students at this point in their schooling, major emphasis in the
comparison countries was most commonly placed on understanding
mathematical concepts and mastering basic skills. Assessing student
learning was also given major emphasis in most countries. “Real-life”
applications of mathematics were stressed in the curriculum of most 
countries. In the Netherlands, for example, this approach was reported to
be emphasized even more heavily than either understanding mathematics
concepts or mastering basic skills. Communicating mathematically, an
aspect of teaching and learning that has received increasing attention in
recent years, was given major or moderate emphasis in the curriculum of
most of the comparison countries. Adopting a multicultural approach,
working on mathematics projects, solving non-routine problems, deriving
formal proofs, and integrating mathematics with other school subjects all
received less emphasis. 

In general, curricular emphasis among the Benchmarking participants
was very similar to that in the United States as a whole. A majority of the
Benchmarking entities placed major emphasis in their curricula on
mastering basic skills, understanding mathematics concepts, real-life appli-
cations of mathematics, communicating mathematically, and assessing
student learning. With only one exception, all the other entities place
moderate emphasis in each of these areas.

It is possible that in some entities some of the approaches and processes
reported as being given minor or no emphasis in the intended
curriculum may receive more emphasis in the implemented curriculum.
Conversely, it is also possible that some of the approaches and processes
reported as being given major or moderate emphasis in the intended
curriculum may receive less emphasis in the implemented curriculum.
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Are There Policies on Using Calculators?

Official policies on calculator use are summarized in Exhibit 5.17. In
general, the curricula in the comparison countries included policies on
using calculators, either without restriction (three countries) or with
some restrictions (seven countries). Several countries commented that
calculators were not permitted in the lower grades or that their use in
these grades was limited. Across the United States as a whole, policy
varied from state to state, and this was reflected among the
Benchmarking states, with four states, Idaho, Indiana, Massachusetts,
and North Carolina, reporting calculator use under restricted circum-
stances and the other nine reporting unrestricted use.







1

What Mathematics Topics Are Included in the 
Intended Curriculum?

In the course of their meetings on planning and implementation of 
timss 1999, the National Research Coordinators developed a list of 
mathematics topics that they agreed covered most of the content in the
intended mathematics curriculum in their respective countries. These
topics, presented in Exhibit 5.18, built on the topics covered in the 
timss 1995 mathematics test and included in the teacher questionnaire.
They represent all topics likely to have been included in the curricula of
the 38 participating countries up to and including eighth grade. From
the following choices, the coordinators from the participating entities
indicated the percentages of students in their own countries or jurisdic-
tions expected to have been taught each topic up to and including
eighth grade:

• All or almost all students (at least 90 percent)

• About half of the students

• Only the more able students (top track – about 25 percent)

• Only the most advanced students (10 percent or less).

Exhibit 5.19 summarizes the data according to the percentage of topics
intended to be taught to all or almost all students (at least 90 percent) in
each entity, across the entire list of topics and for each content area.
Information on specific topics in the intended curricula for each content
area is presented in Exhibits R2.2 through R2.6 in the reference section
of this report.

Internationally on average, curricular guidelines up to and including
eighth grade called for nearly all students to have been taught three-
fourths of the topics overall. The greatest percentage of topics intended
to be taught to 90 percent or more of the students was in fractions and
number sense (86 percent, on average across countries) and in measure-
ment (88
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Have Students Been Taught the Topics Tested by TIMSS?

In interpreting the achievement results, it is important to consider how
extensively the topics tested are taught in the participating entities. As
shown in Exhibits 5.20 through 5.24, the five major mathematics
content areas assessed in timss 1999 were represented by 34 topic
areas. For each area, teachers indicated whether their students had
been taught the topics before this year (i.e., the eighth grade), one to
five periods this year, more than five periods this year; whether the
topics had not yet been taught; or whether the teacher did not know.
Exhibits 5.20 through 5.24 show the percentages of students in each
entity reported to have been taught each topic before or during the
year of testing. 

According to their teachers, nearly all students in all the comparison
countries had been taught the topics in fractions and number sense, as
shown in Exhibit 5.20. The international average for each topic
exceeded 90 percent of students, with the exception of “square roots
(of perfect squares less than 144), small integer exponents” and
“concepts of ratio and proportions; ratio and proportion problems,”
with averages of 83 and 87 percent, respectively. Teachers in the United
States overall as well as in the Benchmarking jurisdictions reported
similar percentages, with 90 percent or more of the students in each
jurisdiction being taught each topic with the exception of the two
topics relating to square roots and ratio/proportion. 

However, Exhibit R2.7 in the reference section indicates that interna-
tionally many students had instruction in these topics before the eighth
grade, while students in several Benchmarking jurisdictions were taught
them during that grade. For example, high-performing Chinese Taipei
reported that 90 percent of its students were taught more than 80
percent of the fractions and number sense topics before the eighth
grade and not again during the eighth grade. Only eight percent of
U.S. students were taught more than 80 percent of these topics before
the eighth grade only. Similarly, all but one of the Benchmarking juris-
dictions had less than one-fifth of their students taught more than 80
percent of fraction and number sense topics before the eighth grade
only. In the U.S. overall and across the Benchmarking jurisdictions, a
larger proportion of students were taught, or were continued to be
taught, fractions and number sense topics at the eighth grade than
were students internationally. This echoes the findings of the timss
1995

1995
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As shown in Exhibit R2.10 in the reference section, only small percent-
ages of students had completed instruction in the geometry topics before
the eighth grade, and relatively large percentages had not yet been intro-
duced to many geometry topics by the end of the eighth grade. According
to the teachers in the United States, 25 percent of the students had not
been taught half or more of the geometry topics by the end of eighth
grade, close to the international average of 22 percent. This was exceeded
only by Chinese Taipei (33 percent) among the comparison countries. In
the Czech Republic, Italy, Japan, Korea, and Singapore, less than only 10
percent of the students had not yet been taught half or more of these
topics. One-quarter or more of the students in six Benchmarking states
and four districts and consortia had not been taught half or more of the
geometry topics by the end of the eighth grade, with the greatest
percentage in the Academy School District (49 percent).

Teachers across countries reported that most students had been taught
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What Can Be Learned About the Mathematics Curriculum?

In contrast to the United States, most countries around the world have
well-established, centrally-mandated national curricula. Recently,
however, states and districts in the U.S. have been making great strides
in establishing content standards and curriculum frameworks to guide
curriculum implementation in schools. Furthermore, many education
systems in the U.S. have begun to assess whether the intended curriculum
in mathematics is being attained or learned by their students.

Although effort has been made to develop rigorous curriculum standards,
the intended mathematics curriculum in the United States overall and in
many Benchmarking jurisdictions does not seem as advanced or focused
as that in other countries. Students in the U.S. are generally taught 
more topics with less depth, with each often spread over the course of
more grades, than are their peers in other nations.10 This lack of focus has
been cited as a potential explanation for the relatively poor academic
performance of U.S. students compared with those in other nations.11

Thoroughly examining the Benchmarking jurisdictions’ results in an
international context can provide insights into what students are expected
to learn in mathematics, what is taught in classrooms, and what policies
and practices provide the best match between the intended and the
implemented curriculum to improve student achievement.

10 Schmidt, W.H., McKnight, C.C., and Raizen, S.A. (1997), A Splintered Vision: An Investigation of U.S. Science and Mathematics
Education, Dordrecht, the Netherlands: Kluwer Academic Publishers.

11 Mayer, D.P., Mullens, J.E., and Moore, M.T. (2000), Monitoring School Quality: An Indicators Report, NCES 2001-030, Washington, DC:
National Center for Education Statistics.
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Chapter 6 presents information about mathematics

teachers and instruction. Teachers’ reports are given

on their educational background, teaching

preparation, and instructional practices. Information

is also provided about how teachers spend their time

related to teaching tasks, the materials used in

instruction, the activities students do in class, the use

of calculators and computers in mathematics lessons,

the role of homework, and the reliance on different

types of assessment. 
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Exhibit 6.2 presents teachers’ reports about their major areas of study
during their post-secondary teacher preparation programs. Teachers’
undergraduate and graduate studies give some indication of their prepa-
ration to teach mathematics. Also, research shows that higher
achievement in mathematics is associated with teachers having a bach-
elor’s and/or master’s degree in mathematics.1 According to their
teachers, however, U.S. eighth-grade students were less likely than those in
other countries to be taught mathematics by teachers with a major area of
study in mathematics.

On average internationally, 71 percent of students were taught by
teachers who had mathematics as a major area of study. (Note that
teachers can have dual majors, or different majors at the undergraduate
and graduate level.) This compares with 41 percent for the United States,
a figure not too different from that for many Benchmarking participants,
although there was a range of 16 percent in Jersey City to 73 percent in
First in the World and Naperville. Suffice it to say that in the United
States and most Benchmarking entities, a smaller percentage of students
than the international average was taught by mathematics teachers with a
major in mathematics. Canada and Italy were the only nations that
reported lower percentages than the United States. 

Internationally on average, 31 percent of the students were taught by
teachers with mathematics education as a major area of study. In compar-
ison, more than half of the students were taught by teachers with this major
in the states of Illinois, Michigan, and Pennsylvania, as well as in the districts
and consortia of Chicago, First in the World, the Fremont/Lincoln/Westside
Public Schools, Guilford County, Project smart, Rochester, and the
Southwest Pennsylvania Math and Science Collaborative. 

Internationally on average, 32 percent of the students were taught by
teachers with education as a major area of study. Significantly more
students in the United States (54 percent) had mathematics teachers with
an education major than did students internationally. In general across
the Benchmarking participants, about twice as many teachers reported an
education major as did internationally. It is clear that teachers in the
United States have less “in field” mathematics preparation than their
counterparts around the world.

To gauge teachers’ confidence in their ability to teach mathematics topics,
timss constructed an index of teachers’ confidence in their preparation
to teach mathematics (cptm), presented in Exhibit 6.3. Teachers were
asked how well prepared they felt to teach each of 12 mathematics topics
(e.g., properties of geometric figures, solving linear equations and

1 Goldhaber, D.D. and Brewer, D.J. (1997), “Evaluating the Effect of Teacher Degree Level on Educational Performance” in W. Fowler (ed.),
Developments in School Finance, 1996, NCES 97-535, Washington DC: National Center for Education Statistics; Darling-Hammond, L.
(2000), Teacher Quality and Student Achievement: A Review of State Policy Evidence, Education Policy Analysis Archives, 8(1).
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by teachers who reported being very well prepared to teach the three
algebra topics: “algebraic representation;” “evaluate and perform opera-
tions on algebraic expressions;” and “solving linear equations and
inequalities.” Similar results were obtained for the topics “representation
and interpretation of data in graphs, charts, and tables;” and “simple
probabilities – understanding and calculations,” even though teachers in
Idaho, Massachusetts, and North Carolina were less confident about this
latter topic. Teachers also appeared confident in their preparation to
teach “measurement – units, instruments, and accuracy,”except in North
Carolina, the Fremont/Lincoln/Westside Public Schools, Guilford
County, and Rochester, where less than 80 percent of the students were
taught by teachers who felt very well prepared to teach this topic. The
pattern of less confidence in teaching this measurement topic was found
internationally and for the United States. 

Teachers in the Benchmarking entities expressed the least confidence in
their preparation to teach geometry. Less than 80 percent of the students
in Idaho, Oregon, the Delaware Science Coalition, and the
Fremont/Lincoln/Westside Public Schools had teachers confident about
their preparation in any of the three geometry topics. Across nearly all
the participating states as well as in a number of the districts and
consortia, teachers expressed less than full confidence in their prepara-
tion to teach “geometric figures – symmetry, motions and transformations,
congruence and similarity.” Interestingly, this pattern was also noted inter-
nationally and for the United States, even though these topics are
included in the curriculum and taught to substantial percentages of
eighth-grade students in the U.S. and abroad. Beyond those already
mentioned, Benchmarking entities where less than 80 percent of students
had teachers confident about their preparation to teach “coordinate
geometry” were Illinois, Indiana, Missouri, the Jersey City Public Schools,
and the Miami-Dade County Public Schools.

Exhibit R3.2 shows principals’ opinions about the degree to which short-
ages of qualified mathematics teachers affect the capacity to provide
instruction. On average internationally, principals reported that such
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Teachers’ beliefs about mathematics learning and instruction are to
some degree related to their preparation. Exhibits R3.3 and R3.4 in
the reference section show the percentages of eighth-grade students
whose mathematics teachers reported certain beliefs about mathe-
matics, the way mathematics should be taught, and the importance of
various cognitive skills in achieving success in the discipline. In general,
more students in the Benchmarking entities than internationally were
taught by teachers agreeing that mathematics is primarily a formal way
of representing the real world. Conversely, more students internation-
ally than in the Benchmarking entities had teachers who agreed that
some students have a natural talent for mathematics, and that an effec-
tive teaching approach is to give students having difficulty more
practice by themselves during class. There was nearly complete agree-
ment by teachers throughout the Benchmarking jurisdictions and
around the world that more than one representation should be used in
teaching a mathematics topic. Views varied substantially, for both the
countries and the Benchmarking entities, regarding the importance of
being able to remember formulas and procedures. Less than one-
quarter of the students in the Delaware Science Coalition (similar to
Chinese Taipei and Korea) were taught by teachers who believed
remembering formulas and procedures was very important for
students’ success in mathematics. In contrast, more than half the
students in Idaho, South Carolina, Guilford County, Jersey City, and
Rochester (similar to the Russian Federation) had teachers who
believed this to be the case.

How teachers spend their time in school is determined mainly by
school and district policies and practices, but the perspectives they gain
during their teacher preparation can also have an effect. Across coun-
tries, students’ mathematics teachers spent only about 60 percent of
their formally scheduled school time teaching mathematics (see
Exhibit R3.5 in the reference section). Additionally, about 10 percent
was spent teaching subjects other than mathematics, about 10 percent
on curriculum planning, and about 20 percent on various administra-
tive and other duties. The results for the United States as a whole and
for most of the Benchmarking entities were very similar to the interna-
tional profile. 
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How Much School Time Is Devoted to Mathematics Instruction? 

Exhibit 6.4 presents information about the amount of mathematics
instruction given to eighth-grade students in the timss 1999
Benchmarking jurisdictions and the comparison countries. Since different
systems have school years of different lengths (see Exhibit R3.6) and
different arrangements of daily and weekly instruction, the information is
given in terms of the average number of hours of mathematics instruction
over the school year as reported by mathematics teachers. Canada
provides 150 hours per year, on average, and the United States 144 hours,
compared with the international average of 129 hours. Benchmarking
entities with teachers reporting more than 150 hours of mathematics
instruction per year were the Jersey City Public Schools, South Carolina,
North Carolina, the Delaware Science Coalition, and the
Fremont/Lincoln/Westside Public Schools. Interestingly, the teachers in
the Naperville School District and the First in the World Consortium
reported the least amount of mathematics instructional time (114 hours)
per year. Among the reference countries, the percentage of instructional
time at the eighth grade that was devoted to mathematics ranged from 17
percent in the Russian Federation to nine percent in Chinese Taipei and
the Netherlands. Among the Benchmarking jurisdictions, the percentage
ranged from 18 percent in North Carolina to 11 percent in Indiana,
Pennsylvania, and First in the World. 

As shown in Exhibit 6.5, teachers of about half the students, on average
internationally, reported that mathematics classes meet for at least two
hours per week but fewer than three and a half. For another one-third of
students, classes meet for at least three and a half hours but fewer than
five. On average, eighth graders in the United States spend more time in
mathematics class per week (typically three and a half to five hours) than
do their counterparts internationally. This pattern of more classroom time
held for nearly all of the Benchmarking entities, with the exception of the
Chicago Public Schools and Naperville (primarily two to three and a half
hours), and North Carolina and the Jersey City Public Schools (primarily
five hours or more). 

The data, however, reveal no clear pattern between the number of in-class
instructional hours and mathematics achievement either across or within
participating entities. Common sense and research both support the idea
that time on task is an important contributor to achievement, yet this time
can be spent more or less efficiently. Time alone is not enough; it needs
to be spent on high-quality mathematics instruction. Devoting extensive
class time to remedial activities can deprive students of this. Also, instruc-
tional time can be spent out of school in various tutoring programs;
low-performing students may be receiving additional instruction. 
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What Activities Do Students Do in Their Mathematics Lessons?

Because it can affect pedagogical strategies, class size is shown in
Exhibit 6.7. Teachers’ reports on the size of their eighth-grade mathe-
matics class reveal that across countries the average was 31 students, but
there was considerable variation even among the higher-performing
countries – from 42 students in Korea to 19 in Belgium (Flemish).
Average class size was relatively uniform across all of the Benchmarking
entities, ranging from 22 to 30 students. The relationship between class
size and achievement is difficult to disentangle, given the variety of
policies and practices and the fact that smaller classes can be used for
both advanced and remedial learning. It makes sense, however, that
teachers may have an easier time managing and conducting more
student-centered instructional activities with smaller classes. 

Extensive research about class size in relation to achievement indicates
that the existence of such a relationship is dependent on the situation.
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internationally on average nearly three-fourths of the students (73
percent) were asked to practice their computational skills in most or every
mathematics lesson. Nearly as many (70 percent) were asked to explain
the reasoning behind an idea this frequently. The other three problem-
solving activities occurred much less often. Forty-three percent of
students, on average across countries, wrote equations representing rela-
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How Are Calculators and Computers Used?

Exhibit 6.12 shows data on students’ access to calculators for use in
mathematics class and on policies on their use for those with access.
When all 38 timss 1999 countries were considered, teachers in 14
countries reported that nearly all students (more than 90 percent) had
access to calculators in class. In addition to the United States, the coun-
tries with this high degree of access were Australia, Belgium (Flemish),
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Exhibit R3.9
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What Are the Roles of Homework and Assessment? 

The amount of time students spend on homework assignments is an
important consideration in examining their opportunity to learn mathe-
matics. Exhibit 6.16 presents the index of teachers’ emphasis on
mathematics homework (emh). Students in the high category had
teachers who reported giving relatively long homework assignments
(more than 30 minutes) on a relatively frequent basis (at least once or
twice a week). Those in the low category had teachers who gave short
assignments (less than 30 minutes) relatively infrequently (less than once
a week or never). The medium level includes all other combinations of
responses. Details from teachers’ reports about the length and frequency
of their homework assignments are found in the reference section in
Exhibit R3.11. 

The results show substantial variation across countries and Benchmarking
entities in the emphasis placed on homework. Together with Italy,
Singapore, and the Russian Federation among the comparison countries,
the Academy School District had more than half its students in the high
category. For the remaining Benchmarking participants, the majority of
students were in the medium category. Very few students were in the low
category. One notable exception is Japan (34 percent in the low cate-
gory), where students were more likely to spend extra time in tutoring
and special schools than doing homework.4 There was little relationship
between the amount of homework assigned and students’ performance.
Again, lower-performing students may need more homework assignments
for remedial reasons.

Since problem-solving activities will potentially be more beneficial if they
can be extended to out-of-class-situations and stretched over a longer
time, timss asked teachers how often they assigned homework based on
projects and investigations. The data in Exhibit R3.12 in the reference
section show that most students (82 percent on average internationally)
had teachers that never or rarely gave such homework. Even though
teachers in some of the Benchmarking entities reported giving project-
based homework more frequently than did teachers internationally, such
assignments did not appear to be made very often. The Benchmarking
entities where approximately one-third or more of the students were
given projects to do as homework at least sometimes were Connecticut,
Massachusetts, Oregon, South Carolina, the Jersey City Public Schools, the
Miami-Dade County Public Schools, Montgomery County, and the Project
smart Consortium. 

4 Robitaille, D.F., (1997), National Contexts for Mathematics and Science Education: An Encyclopedia of the Education Systems
Participating in TIMSS, Vancouver, BC: Pacific Educational Press.











237Teachers and Instruction

In What Types of Professional Development Activities Do U.S.
Mathematics Teachers Participate?

As a timss 1999 national option, the United States asked mathematics
teachers to describe their professional development during the 1998-
99 school year, defined as June 1998 to May 1999. Since no other
countries asked these questions, cross-country comparisons are not
possible. Comparisons, however, can be made to the United States as a
whole and among the Benchmarking jurisdictions. Teachers were asked
both how often they observed and were observed by other teachers (see
Exhibit 6.18). In the U.S. overall, these observations of and by teachers
were reported by the mathematics teachers of 25 and 35 percent of the
students, respectively. Among the Benchmarking states, the results for
classroom observation as a professional development approach resem-
bled the national results. Among districts and consortia, observations
were used most extensively in the First in the World Consortium and
Montgomery County with more than half the students having teachers
who reported both observing and being observed by other teachers. 

The professional development activities teachers were asked about
include the following school- and district-based activities: immersion or
internship activities; receiving mentoring, coaching, lead teaching, or
observation; teacher resource centers; committees or task forces; and
teacher study groups. As shown in Exhibit 6.19, participation on
committees or task forces was the most frequently used of these activi-
ties. It was reported nationally by the mathematics teachers of more
than half the eighth graders (55 percent), and was similarly popular
among the Benchmarking participants. 

Mathematics teachers were asked about their participation in several
types of workshops, conferences, and networks, including within-district
workshops and institutes; out-of-district workshops and institutes;
teacher collaborative or networks; out-of-district conferences; and other
forms of organized professional development (see Exhibit 6.20). They
were also asked about individual activities, including taking courses for
college credit; individual research projects; individual learning; and
other individual professional development activities (see Exhibit 6.21).
Of all of the professional development activities, within-district work-
shops or institutes (79 percent of the students) and individual learning
(84 percent) were generally the most frequent activities in which math-
ematics teachers of U.S. eighth-grade students participated during the
1998-99 school year. Even though there was considerable variation,
these activities were also widely reported by teachers in the
Benchmarking jurisdictions.
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What Is the Economic Composition of the Student Body?

There is considerable evidence that student achievement is greater in
schools with higher proportions of students from advantaged socio-
economic backgrounds.1 To provide information on the composition of
the student body, schools’ reports on the percentage of their students
that are eligible to receive free or reduced-price lunch are summarized
in Exhibit 7.1 for each of the Benchmarking participants.2 The
Benchmarking participants span almost the complete range on this
factor, from the Naperville School District and the Academy School
District, with just a few percent of low-income students, to the Jersey
City Public Schools, where almost all students (89 percent) were
eligible to receive free or reduced-price lunch. Although mathematics
achievement was not perfectly correlated with the percentage of
students eligible for free or reduced-price lunch, it is noticeable that
several high-performing jurisdictions had low percentages of eligible
students, and that three of the four lowest-performing3 – the Chicago
Public Schools, the Rochester City School District, and the Jersey City
Public Schools – had the highest percentages of such students.

1 Data on this issue from TIMSS 1995 are presented in Martin, M.O., Mullis, I.V.S., Gregory, K.D., Hoyle, C.D., and Shen, C. (2000),
Effective Schools in Science and Mathematics: IEA’s Third International Mathematics and Science Study, Chestnut Hill, MA:
Boston College.

2 These data were collected only in the United States and in the Benchmarking jurisdictions.

3 The response rate from schools in the Miami-Dade County Public Schools was insufficient for reliable reporting.
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What School Resources Are Available to Support 
Mathematics Learning?

Some school resources are specific to mathematics, but many are general
resources that improve learning opportunities across the curriculum. All
the available resources can work together to support mathematics
learning and instruction. timss collected data on a range of school
resources, including those of a general nature such as buildings and infra-
structure, as well as equipment and materials specifically related to
mathematics learning. 

To measure the extent of school resources in each participating entity,
timss created an index of availability of school resources for mathematics
instruction (asrmi). As described in Exhibit 7.2, the index is based on
schools’ average response to five questions about shortages that affect
their general capacity to provide instruction and five questions about
shortages that affect mathematics instruction in particular. Students were
placed in the high category if principals reported that shortages, both
general and for mathematics in particular, had no or little effect on
instructional capacity. The medium level indicates that one type of
shortage affects instruction some or a lot, and the low level that both
shortages affect it some or a lot.

Schools in the United States appear to be fairly well-resourced in compar-
ison with the timss 1999 countries. Across the United States as a whole,
37 percent of students were in schools reporting that resource shortages
had little effect on instruction, compared with 19 percent on average
internationally. Of the reference countries, only Belgium (Flemish),
Singapore, the Czech Republic, and the Netherlands reported higher
percentages in this category. Across the Benchmarking participants,
reports varied widely. In the Academy School District, the First in the
World Consortium, and Naperville, more than 75 percent of students
were in well-resourced schools, whereas in North Carolina and Oregon 17
percent or less were in such schools. 

In many of the Benchmarking jurisdictions and timss 1999 countries,
students in schools in the high category had higher average mathematics
achievement than those in the low category. For example, in the United
States 37 percent of the students were in the high category with an average
mathematics achievement of 516, compared with four percent in the low
category with an average of 480. However, the relationship between a
country’s average mathematics achievement and availability of instructional
resources is complex. For example, in some countries that performed
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What Is the Role of the School Principal?
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What Are the Schools’ Expectations of Parents?

Schools’ expectations for parental involvement are shown in Exhibit 7.4.
Clearly schools expect help from parents. On average across all the timss
1999 countries, 85 percent of the students attended schools expecting
parents to ensure that their children complete their homework, and 79
percent attended schools expecting parents to volunteer for school proj-
ects or field trips. About half the students were in schools expecting
parents to help raise funds and to serve on committees. Only 28 percent
were in schools expecting parents to help as aides in 
the classroom.

In the United States, almost all students were in schools that expected
parents to ensure that their children completed their homework and to
volunteer for school projects, programs, or field trips. Parents generally
were not often expected to serve as teacher aides (with the notable
exception of the Chicago Public Schools, where 34 percent of students
were in such schools), but were more often expected to serve on commit-
tees and to raise funds for the school. Schools in the Benchmarking
jurisdictions generally resembled those in the United States overall, with
few major differences. 
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How Serious Are School Attendance Problems?







Background data provided by schools.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

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

A dash (–) indicates data are not available.

An “r” indicates school response data available for 70-84% of students. An “s” indicates school
response data available for 50-69% of students. An “x” indicates school response data available for
<50% of students.

Countries

United States

Belgium (Flemish)

Canada

Chinese Taipei

Czech Republic

England

Hong Kong, SAR

Italy

Japan

Korea, Rep. of

Netherlands

Russian Federation

Singapore
States

Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas
Districts and Consortia

Academy School Dist. #20, CO

Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI

Montgomery County, MD

Naperville Sch. Dist. #203, IL

Project SMART Consortium, OH

Rochester City Sch. Dist., NY

SW Math/Sci. Collaborative, PA

International Avg.
(All Countries)

Occurs at
Least Weekly

Is a Serious
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1 (0.9)

7 (2.0)
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5 (1.8)
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0 (0.0)

0 (0.0)
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0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)
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4 (1.3)
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30 (3.8)

5 (2.2)
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10 (2.8)

8 (2.2)

14 (3.2)

21 (3.6)

44 (6.5)

32 (4.2)

23 (4.0)

20 (6.7)

31 (7.3)

9 (4.0)

20 (4.5)

21 (6.0)

17 (6.6)

11 (4.5)

33 (6.5)

16 (6.2)

43 (8.1)

17 (5.0)

16 (4.4)
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14 (6.1)
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0 (0.0)

48 (1.7)
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0 (0.0)
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33 (1.6)

84 (0.5)

26 (8.7)

27 (0.6)

12 (2.7)

4 (1.8)

7 (1.6)

10 (2.7)

8 (2.5)

– –
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How Safe and Orderly Are Schools?

Discipline that maintains an orderly atmosphere conducive to learning
is very important to school quality, and research indicates that urban
schools have conditions less conducive to learning than non-urban
schools.5 For example, urban schools report more crime against
students and teachers at school and that physical conflict among
students is a serious or moderate problem. Among the Benchmarking
participants there was considerable variation in principals’ reports
about the seriousness of a variety of potential discipline problems.

The frequency and seriousness of student behavior threatening an
orderly school environment are presented in Exhibit 7.7. The three
types of behavior are violating the dress code, creating a classroom
disturbance, and cheating. Violation of dress code is likely to reflect, 
at least partially, whether there is a uniform requirement. For many
countries, violating the dress code was not reported to be a serious
problem; on average internationally only six percent of the students
were in schools where it was a serious problem. Dress code violations
were more frequently reported in the United States, where 42 percent
of students were in schools where this occurs at least weekly, compared
with 24 percent internationally. This was also a frequent problem in
Texas and in Rochester, with 79 and 59 percent of students, respec-
tively, in such schools.

Classroom disturbance was a more frequent problem in schools in the
United States, as well as a more serious one. More than two-thirds of
U.S. eighth-grade students were in schools where disturbances occur at
least weekly, and 11 percent where these are a serious problem.
Benchmarking jurisdictions where classroom disturbances were both
more frequent and more serious than in the United States generally
included Maryland, Missouri, North Carolina, Pennsylvania, the
Delaware Science Coalition, Guilford County, the Michigan Invitational
Group, Montgomery County, and Rochester. 

The frequency and seriousness of student behavior threatening a safe
school environment are shown in Exhibit 7.8. The five types of
behavior are vandalism, theft, physical injury to other students, intimi-
dation or verbal abuse of other students, and intimidation or verbal
abuse of teachers or staff. As in other reports of student behavior, cross-
national comparisons are difficult because of differing perceptions of
what constitutes a serious problem. However, with only a few excep-
tions, the overwhelming majority of students attend schools judged to
have few serious problems. The incidence of such student behavior was

5 Mayer, D.P., Mullens, J.E., and Moore, M.T. (2000),
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Background data provided by students.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

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

Countries

States

Districts and Consortia

International Avg.
(All Countries)

Do Well in
Language

Have Time
to Have Fun

Be Good
at Sports

Percentage of Students Agreeing That Their Friends Think
It Is Important To Do Each Activity

Do Well in
Mathematics

Do Well
in Science

United States

Belgium (Flemish)

Canada

Chinese Taipei

Czech Republic

England

Hong Kong, SAR

Italy

Japan

Korea, Rep. of

Netherlands

Russian Federation

Singapore

Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas

Academy School Dist. #20, CO

Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI

Montgomery County, MD

Naperville Sch. Dist. #203, IL

Project SMART Consortium, OH

Rochester City Sch. Dist., NY

SW Math/Sci. Collaborative, PA

79 (0.8)

81 (1.1)

84 (0.6)

84 (0.7)

84 (0.9)

90 (0.8)

84 (0.7)

80 (0.9)

85 (0.6)

77 (0.7)

88 (1.0)

89 (0.6)

96 (0.3)

78 (1.5)

77 (1.8)

80 (1.7)

79 (1.3)

76 (1.1)

74 (1.5)

79 (1.0)

76 (1.3)

85 (1.3)

76 (1.6)

77 (1.2)

83 (1.0)

77 (1.3)

77 (1.1)

88 (1.3)

73 (1.6)

77 (1.8)

75 (1.4)

88 (1.3)

89 (1.3)

80 (1.4)

76 (1.6)

78 (1.6)

84 (1.1)

76 (1.2)

82 (1.5)

79 (1.2)

86 (0.1)

72 (0.8)

66 (1.2)

72 (0.9)

82 (0.7)

68 (1.0)

84 (1.0)

66 (1.0)

66 (1.3)

78 (0.8)

72 (0.8)

79 (1.2)

83 (0.7)

94 (0.6)

71 (2.1)

71 (2.2)

70 (2.1)

73 (1.5)

69 (1.3)

69 (1.8)

75 (1.3)

71 (1.4)

78 (1.5)

70 (1.9)

70 (1.2)

74 (1.3)

70 (1.7)

74 (1.2)

65 (2.4)

67 (1.8)

71 (1.4)

69 (1.1)

82 (1.5)

76 (1.6)

73 (1.4)

72 (1.8)

69 (1.8)

79 (1.2)

73 (1.3)

79 (1.5)

72 (1.4)

77 (0.2)

76 (1.0)

77 (1.4)

82 (0.7)

84 (0.6)

83 (0.8)

90 (0.7)

87 (0.8)

84 (0.7)

85 (0.8)

73 (0.8)

90 (0.9)

89 (0.6)

97 (0.3)

76 (1.7)

74 (1.5)

75 (2.0)

76 (1.3)

75 (1.2)

72 (1.4)

75 (1.4)

73 (1.3)

84 (1.3)

74 (1.7)

74 (1.2)

82 (0.8)

74 (1.5)

75 (1.2)

78 (2.2)

74 (1.3)

74 (1.7)

70 (1.1)

87 (1.3)

88 (1.2)

80 (1.0)

73 (1.4)

75 (1.6)

82 (1.1)

74 (1.5)

79 (1.6)

75 (1.0)

86 (0.1)

98 (0.2)

98 (0.5)

99 (0.1)

98 (0.2)

97 (0.4)

99 (0.2)

96 (0.3)

98 (0.3)

99 (0.2)

93 (0.3)

98 (0.4)

97 (0.4)

93 (0.6)

98 (0.4)

98 (0.4)

98 (0.3)

99 (0.3)

98 (0.3)

99 (0.2)

98 (0.3)

98 (0.4)

99 (0.2)

98 (0.3)

99 (0.3)

98 (0.4)

98 (0.6)

99 (0.3)

96 (0.9)

98 (0.6)

99 (0.5)

97 (1.1)

99 (0.3)

97 (0.7)

97 (0.5)

98 (0.8)

99 (0.4)

99 (0.3)

99 (0.3)

97 (0.8)

99 (0.2)

92 (0.1)

86 (0.5)

76 (1.1)

84 (0.9)

94 (0.4)

83 (0.9)

80 (1.0)

83 (0.8)

94 (0.5)

80 (0.7)

80 (0.8)

70 (1.9)

87 (0.8)

88 (0.6)

84 (1.1)

87 (1.1)

86 (1.1)

86 (0.9)

85 (0.9)

85 (0.9)

87 (1.0)

85 (1.2)

89 (1.0)

87 (1.1)

87 (0.8)

87 (0.8)

87 (1.0)

86 (0.9)

85 (1.2)

87 (1.1)

82 (1.3)

83 (1.6)

87 (1.2)

88 (1.0)

84 (1.1)

83 (1.8)

85 (1.1)

83 (1.0)

85 (1.1)

85 (1.6)

86 (1.6)

85 (0.1)
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Background data provided by coordinators from participating jurisdictions.

Countries

United States

Belgium (Flemish)

Canada

Chinese Taipei

Czech Republic

England

Hong Kong, SAR

Italy

Japan

Korea, Rep. of

Netherlands

Russian Federation

Singapore

States
Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas

Districts and Consortia

Academy School Dist. #20, CO – – – – – – – – – –
Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI

Montgomery County, MD

Naperville Sch. Dist. #203, IL

Project SMART Consortium, OH

Rochester City Sch. Dist., NY

SW Math/Sci. Collaborative, PA – – – – – – – – – –
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R

Background data provided by schools.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

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

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

An “r” indicates school response data available for 70-84% of students. An “s” indicates school
response data available for 50-69% of students. An “x” indicates school response data available for
<50% of students.

Countries

United States r 62 (4.2) 514 (5.3) 23 (3.5) 497 (6.2) 13 (2.6) 461 (9.3) 3 (1.0) 446 (15.1)

Belgium (Flemish) 84 (3.6) 557 (4.5) 12 (3.3) 554 (22.2) 2 (1.2) ~ ~ 1 (0.9) ~ ~

Canada 54 (3.1) 536 (3.1) 27 (3.2) 531 (4.3) 16 (2.4) 514 (7.7) 3 (0.8) 525 (18.6)

Chinese Taipei 43 (4.3) 591 (5.1) 36 (4.4) 584 (7.3) 12 (3.0) 590 (11.4) 9 (2.2) 551 (13.3)

Czech Republic 90 (2.9) 521 (4.7) 6 (2.6) 506 (15.6) 3 (1.8) 527 (26.2) 1 (0.9) ~ ~

England r 71 (4.1) 508 (5.8) 19 (3.6) 482 (7.3) 8 (2.8) 485 (17.1) 2 (1.2) ~ ~

Hong Kong, SAR 55 (4.5) 596 (6.0) 28 (4.2) 555 (9.6) 10 (2.6) 583 (15.9) 7 (2.1) 602 (15.1)

Italy 38 (4.1) 478 (5.5) 36 (3.6) 483 (7.6) 20 (3.3) 473 (9.0) 6 (1.7) 487 (13.3)

Japan 65 (3.9) 579 (2.1) 17 (2.8) 583 (4.2) 8 (2.4) 577 (6.0) 10 (2.5) 572 (5.5)
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Developing the TIMSS 1999 Mathematics Test

The timss curriculum framework underlying the mathematics tests was
developed for timss in 1995 by groups of mathematics educators with
input from the timss National Research Coordinators (nrcs). As shown
in Exhibit A.1, the mathematics curriculum framework contains three
dimensions or aspects. The content aspect represents the subject matter
content of school mathematics. The performance expectations aspect
describes, in a non-hierarchical way, the many kinds of performances or
behaviors that might be expected of students in school mathematics. The
perspectives aspect focuses on the development of students’ attitudes,
interest, and motivation in mathematics. Because the frameworks were
developed to include content, performance expectations, and perspec-
tives for the entire span of curricula from the beginning of schooling
through the completion of secondary school, some aspects may not be
reflected in the eighth-grade timss



extended responses with students showing their work or providing
explanations for their answers. The remaining questions used a
multiple-choice format. In scoring the tests, correct answers to most
questions were worth one point. Consistent with the approach of allot-
ting students longer response time for the constructed-response
questions than for multiple-choice questions, however, responses to
some of these questions (particularly those requiring extended
responses) were evaluated for partial credit, with a fully correct answer
being awarded two points (see later section on scoring). The total
number of score points available for analysis thus somewhat exceeds
the number of items. 

Every effort was made to help ensure that the tests represented the
curricula of the participating countries and that the items exhibited no
bias towards or against particular countries. The final forms of the tests
were endorsed by the nrcs of the participating countries.3

3 For a full discussion of the TIMSS 1999 test development effort, please see Garden, R.A. and Smith, T.A. (2000), “TIMSS Test
Development” in M.O. Martin, K.D. Gregory, K.M. O’Connor, and S.E. Stemler (eds.), TIMSS 1999 Benchmarking Technical Report,
Chestnut Hill, MA: Boston College.
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TIMSS Test Design











Coverage Notes on Coverage School-Level
Exclusions

Within-Sample
Exclusions

Overall
Exclusions

States

Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas

Districts and Consortia

Academy School Dist. #20, CO

Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI

Montgomery County, MD

Naperville Sch. Dist. #203, IL

Project SMART Consortium, OH

Rochester City Sch. Dist., NY

SW Math/Sci. Collaborative, PA

International Desired Population National Desired Population

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

5%

2%

4%

6%

6%

5%

2%

4%

4%

5%

6%

2%

4%

2%

4%

5%

2%

2%

10%

6%

7%

2%

17%

7%

2%

1%

4%

5%

2%

4%

6%

6%

5%

2%

4%

4%

5%

6%

2%

4%

2%

4%

5%

2%

2%

10%

6%

7%

2%

17%

7%

2%

1%

4%

Included private schools

Included private schools

Included private schools

Included private schools

Included private schools
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Data Collection

Each participating country was responsible for carrying out all aspects of the
data collection, using standardized procedures developed for the study.









Test Reliability

Exhibit A.8 displays the mathematics test reliability coefficient for each
country and Benchmarking participant. This coefficient is the median
kr-20 reliability across the eight test booklets. Among countries, median
reliabilities ranged from 0.76 in the Philippines to 0.94 in Chinese Taipei.
The international median, 0.89, is the median of the reliability coefficients
for all countries. Reliability coefficients among Benchmarking participants
were generally close to the international median, ranging from 0.88 to
0.91 across states, and from 0.84 to 0.91 across districts and consortia.
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Data Processing

To ensure the availability of comparable, high-quality data for analysis,
timss took rigorous quality control steps to create the international data-
base.9 timss prepared manuals and software for countries to use in
entering their data, so that the information would be in a standardized
international format before being forwarded to the iea Data Processing
Center in Hamburg for creation of the international database. Upon
arrival at the Data Processing Center, the data underwent an exhaustive
cleaning process. This involved several iterative steps and procedures
designed to identify, document, and correct deviations from the interna-
tional instruments, file structures, and coding schemes. The process also
emphasized consistency of information within national data sets and
appropriate linking among the many student, teacher, and school data
files. In the United States, the creation of the data files for both the
Benchmarking participants and the U.S. national timss effort was the
responsibility of Westat, working closely with ncs. After the data files were
checked carefully by Westat, they were sent to the iea Data Processing
Center, where they underwent further validity checks before being
forwarded to the International Study Center.

IRT Scaling and Data Analysis

The general approach to reporting the timss achievement data was based
primarily on item response theory (irt) scaling methods.10 The mathe-
matics results were summarized using a family of 2-parameter and
3-parameter irt
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points on a scale in terms of what they know and can do. It involves a
statistical component, in which items that discriminate between succes-
sive points on the scale are identified, and a judgmental component in
which subject-matter experts examine the items and generalize to
students’ knowledge and understandings.13

Mathematics Curriculum Questionnaire

In an effort to collect information about the content of the intended
curriculum in mathematics, timss asked National Research
Coordinators and Coordinators from the Benchmarking jurisdictions to
complete a questionnaire about the structure, organization, and
content coverage of their curricula. Coordinators reviewed 56 mathe-
matics topics and reported the percentage of their eighth-grade
students for which each topic was intended in their curriculum.
Although most topic descriptions were used without modification,
there were occasions when Coordinators found it necessary to expand
on or qualify the topic description to describe their situation accurately.
The country-specific adaptations to the mathematics curriculum ques-
tionnaire are presented in Exhibit A.9. No adaptations to the list of
topics were necessary for the U.S. national version, nor were any adap-
tations made by any Benchmarking participants.

13 The scale anchoring procedure is described fully in Gregory, K., and Mullis, I. (2000), “Describing International Benchmarks of
Student Achievement” in M.O. Martin, K.D. Gregory, K.M. O’Connor, and S.E. Stemler (eds.), TIMSS 1999 Benchmarking Technical
Report, Chestnut Hill, MA: Boston College. An application of the procedure to the 1995 TIMSS data may be found in Kelly, D.L.,
Mullis, I.V.S., and Martin, M.O. (2000), Profiles of Student Achievement in Mathematics at the TIMSS International Benchmarks:
U.S. Performance and Standards in an International Context, Chestnut Hill, MA: Boston College.
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( ) Standard errors appear in parentheses.



75th
Percentile

95th
Percentile

5th
Percentile

25th
Percentile

50th
Percentile

States

Connecticut

Idaho

Illinois

Indiana

Maryland

Massachusetts

Michigan

Missouri

North Carolina

Oregon

Pennsylvania

South Carolina

Texas

Districts and Consortia

Academy School Dist. #20, CO

Chicago Public Schools, IL

Delaware Science Coalition, DE

First in the World Consort., IL

Fremont/Lincoln/WestSide PS, NE

Guilford County, NC

Jersey City Public Schools, NJ

Miami-Dade County PS, FL

Michigan Invitational Group, MI
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Lower Quarter Benchmark Items

Fractions and Number Sense

H09 Rounds to estimate the sum of two three-digit numbers.

R07 Subtracts a three-decimal-place number from another with 
multiple regrouping.

R13 Subtracts a four-digit number from another involving zeroes.

Data Representation, Analysis, and Probability

A06 Calculates and compares the averages of two sets of data.

P16 Reads a thermometer and locates the reading in a table. 

Algebra

P09 Selects an expression in exponential notation for repeated multiplication.

Median Benchmark Items

Fractions and Number Sense

B08 Solves a word problem by finding the missing term in a proportion. 

C06 Determines which is the most unreasonable estimate for two 
3-digit numbers.

D12 Estimates the value, to one decimal place, of a point on a number line
marked at whole number intervals.

E04 Arranges four given digits in descending and ascending order and finds
the difference between those two numbers.

H08 Selects a figure with shaded parts that represents a familiar fraction.

I05 Solves a word problem involving subtraction of a two-place 
decimal number from another.

K01 Identifies a circular model of a fraction that best approximates a given
rectangular model of the same fraction.
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Fractions and Number Sense continued

P14 Estimates the product of two whole numbers in a word problem.

Q05 Selects the statement that describes the effect of adding the same
amount to both terms of a ratio.

Q06 Estimates the product of a multiple of 1000 and a two-digit number in
a word problem involving knowledge of units of time.

Q09 Multiplies and adds fractions with different denominators in the 
correct order. 

R15 Solves a multi-step word problem that involves dividing a quantity in a
given ratio.

T04 Solves a word problem that involves multiplying a decimal in 
thousandth by a multiple of a hundred.

V01 Provides an example of a measure that would round to a given value.

V03 Determines the ratio of part to total in a word problem.

Measurement

A03 Given a length rounded to the nearest centimeter, identifies what the
actual length could have been in centimeters to one decimal place.

C01 Compares volume by visualizing and counting cubes.

I07 Finds the area between two rectangles when one is inside the other
and their sides are parallel.

M01 Reads the value indicated by an unlabeled tick mark on a circular scale. 

N15 Identifies an angle of a given size in a diagram. 

O06 Given the start time, and the duration of an event expressed as a 
fraction of an hour, determines the end time.

S02A Finds a fraction of a given area of an irregular figure composed of
squares of equal sides.

T03 Finds the area of a rectangle contained in a parallelogram of 
given dimensions.

Upper Quarter
Benchmark Items 

continued
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Top 10% Benchmark Items

Fractions and Number Sense

C04 Identifies the pair of numbers satisfying given conditions involving
ordering integers, decimals, and common fractions.

F07 Solves a time-distance-rate problem that involves division of decimals
and conversion of minutes to seconds.

J14 Identifies the correct position for the decimal point in the quotient in a
division of a decimal written in hundredths by a decimal written 
in thousandths. 

M06 Given the total number and the ratio of the two parts, finds the value
of one part.

M08 Multiplies a two-place decimal by a three-place decimal.

N16 Solves multi-step problem with fractions requiring analysis of the verbal
relations described. 

N17 Solves a word problem involving multiplication of two-digit one-place
decimals and subtraction of decimals.

O02 Finds the percent change given the original and the new quantities.

P15 Solves a word problem involving both addition and subtraction of 
familiar fractions.

P17 Writes a decimal expressed in hundredths as a fraction in lowest terms.

Q08 Orders a set of decimals of up to three decimal places.

R08 In a word problem, finds an average by dividing a decimal by a multiple
of 100.

R14 Solves a two-step problem involving multiplication of a whole number
by a fraction.

T02A In a multi-step word problem, finds how many of each of 
two groups of different sizes are required to produce a given number.
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Geometry continued

M05 Identifies the image of a triangle under a rotation about a point in 
the plane. 

N12 Locates a point on a number line given its distance from two 
given points.

P10 Uses properties of similar triangles to find the length of a 
corresponding side.

Q10 Solves a problem involving measures of overlapping angles.

Algebra

K04 Solves a linear inequality involving a fraction.

L15 Uses proportion to find missing values in a table. 

R10 Recognizes properties of operations on real numbers represented in
symbolic form. 

S01B Knowing the first five terms of a sequence growing in one dimension,
finds the seventh term.

T01 Solves a multi-step word problem in which there are two unknowns
and displays the method of solution.

V04C Given the initial terms in a sequence and, for example, the 50th term of
that sequence, generalizes to find the next term.

Top 10%
Benchmark Items 
continued
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