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Achi at the Top 10% Benchmark

Exhibit 2.1 describes performance at the Top 10% Benchmark.
Students reaching this benchmark demonstrated the ability to organize
information in problem-solving situations and to apply their understand-
ing of mathematical relationships. They typically demonstrated success
on the knowledge and skills represented by this benchmark, as well as
those demonstrated at the Upper Quarter, Median, and Lower

Quarter benchmarks.

Example Item 1 in Exhibit 2.2 illustrates the type of measurement item a
student performing at the Top 10% Benchmark generally answered cor-
rectly. As can be seen, students had to apply their knowledge of the area
of rectangles and inscribed shapes to solve a two-step problem about the
area of a garden path. The international average for this item was 42 per-
cent correct. Nevertheless, more than two-thirds of the students answered
the item correctly in Hong Kong, Singapore, Japan, Chinese Taipei, and
Korea. On average internationally, more than 20 percent of students
chose Option A, solving for the area of the larger rectangle rather than
that of the path. Option C was an equally popular distracter, with more
than 20 percent of students internationally selecting this response.

Unlike students performing at lower benchmarks, students reaching the
Top 10% Benchmark typically could correctly answer multi-step word
problems. Example Item 2 in Exhibit 2.3 requires students to select rele-
vant information from two advertisements to solve a complex multi-step
word problem involving decimals. Given the price for each issue of a mag-
azine and a certain number of free issues, students were asked to calculate
which of the two magazine subscriptions was the less expensive for 24
issues. Students received full credit if they showed correct calculations for
at least one of the subscriptions, identified the less expensive magazine,
and calculated the difference between the two 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 the item correctly.

Students reaching the Top 10% Benchmark exhibited an understanding
of the properties of similar triangles, as shown by Example Item 3 (see
Exhibit 2.4). Given two angle measurements, the length of a side of a tri-
angle, and the dimensions of a second similar triangle, students needed
to find the length of an unlabeled side of the first triangle.
Internationally, most eighth-grade students had not mastered the concept
of proportionality of corresponding sides, or could not solve the resulting
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Percentages of Girls and Boys Reaching Each Participant’s Own Upper Quarter
and Median Levels of Mathematics Achievement

8th Grade Mathematics

Upper Quarter Median
Percent of Percent of Percent of Percent of
Girls Boys. Girls Boys
United States 303 2709 0 51.@3)
Australia 2 08 % 26 4 62) 51 60)
Belgium (Flemish) ' 5 @5 5 @5 50 61) 50 65)
Bulgaria 2% 61 2 (5) 51 60) 49 62)
Canada %02 % 14 2903 5109
chile 209 27 28 %02 52 04)
Chinese Tapei 205 2809 9 (19 51 @)
yprus 2 (14 2% (14 50 (14) 50 (15)
Caech Republic 206 2 5) % Q4) 54 29)
England * 20 27) 30 (24) 46 (3.0) 54 27)
Finland 808 2702 909 51 22)
Hong Kong, SAR ' @5 % 04 50 29) 50 31)
Hungary 209 % (18) %02 52 1)
Indonesia 5 (16) 5 (17) Ery) 52 21)
Iran, Islamic Rep. 19 0 2 Q2) 8 23 55 25)
fsrael * 205 207 4 700 5 @2
taly 308 2% 07) 702 5 @2
Japan 203 2700 4705 503
Jordan %07 % Q1) 51 20 42
Korea, Rep.of 2 (1) 2 (10) (1) 52 (13)
Latia 155) ' %09 27 @) 9 22) 52 02)
Lithuania * 2 @5) % (23) 50 25) 50 25)
Macedonia,Rep.of %018 2018 51 @4) 9 Q0
Malaysia 2% @3) 2% @9 52 26) % 64)
Mokdova 2% (16 7 @1 50 @) 5122
Morocco 207 (15 50 54 (1)
Netherlands * % 06 % (62) 8 42) 52 (44
New Zealand % 26) % 65) 52 60) % 65)
Phiippines 7 @) 3 @5) B a % 25)
Romania 503 504 5108 908
Russian Federation 2% 4 % @5) xer) 5162
Singapore =) %64 4966 162
Slovak Republic 20 27 @) 8 06) 52 07)
Shovenia 2% (16 2 (15) 07 51 20
South Afica 3@ 2703 a7 25) 5321
Thailand 06 2% 04 50 29) 50 @7
Tunisia 19 (14) 3106 a 207 59 (16)
Turkey 508 509 50 22) 50.(18)
Intesmational Avg, | 204 27089 49 (04) 51 .04)
Y
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EXECUTIVE SUMMARY

Executive Summary

Major Findings from the TIMSS 1999
Benchmarking Study
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Differ?
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Selected Economic Indicators of TIMSS 1999 Countries
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Indicators?
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Executive Summary

TIMSS 1999, a successor to the acclaimed 19gp Third International
Mathematics and Science Study (Timss), focused on the mathematics
and science achievement of eighth-grade students. Thirty-eight countries
including the United States participated in TIMSS 1999 (also known as
TIMSS-Repeat or TIMSS-R).! Even more significantly for the United States,
however, TIMSS 1999 included a voluntary Benchmarking Study. Twenty-
seven jurisdictions from all across the nation, including 14 states and 14
districts or consortia (see below), partici-

pated in the Benchmarking Study.

Each jurisdiction had its own reasons TIMSS 1999 Benchmarking Participants
for taking part in the TIMSS 1999
Benchmarking Study. In general, States Districts and Consortia
parUClpat%on pr?mqeq a‘n unprecedented Connecticut Academy School District #20, Colorado Springs, CO
opportunity for jurisdictions to assess the Idaho Chicago Public Schools, IL
comparative international standing of their Illinois Delaware Science Coalition, DE
students’ achievement and to evaluate their Indiana First in the World Consortium, IL
mathematics and science programs in an Maryland Fremont/Lincoln/Westside Public Schools, NE
international context. Participants were also Massachusetts Guilford County, NC
able to compare their achievement with that Michigan Jersey City Public Schools, NJ
of the United States as a whole, and in the Missouri Miami-Dade County Public Schools, FL
. . North Carolina Michigan Invitational Group, Ml
cases where they both participated, school
distri 1d th th f Oregon Montgomery County, MD
1stricts COl_l compare with the pertorm- Pennsylvania Naperville School District #203, IL
ance of their states. South Carolina Project SMART Consortium, OH
Texas Rochester City School District, NY

Each participating entity invested valuable : _
. . . . Southwest Pennsylvania Math and Science

resources in this effort, primarily for data Collaborative, PA

collection and team building, but also for

staff development to facilitate use of the

TIMSS 199g results as an effective tool for

school improvement. Despite each participant’s deep commitment to

educational improvement by virtue of its participation in such a venture,

it took courage and initiative to join such a high profile enterprise as the

TIMSS 1999 Benchmarking Study. Whether students” achievement fell at

the top, middle, or bottom of the range of results for countries interna-

tionally, each participant will be asked to explain the results to its parents

and communities.

T IEA's International Study Center at Boston College reported the international results for TIMSS 1999 as well as trends between 1995
and 1999 in two companion volumes — the TIMSS 1999 International Mathematics Report and the TIMSS 1999 International Science
Report. 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: Comparisons of International Eighth-Grade Mathematics and Science Achievement from a U.S.
Perspective, 1995 and 1999. (See the Introduction for full citations.)

2 For the most part, the U.S. TIMSS national sample was separate from the students assessed in each of the Benchmarking jurisdictions.
Each Benchmarking participant had its own sample to provide comparisons to each of the TIMSS 1999 countries including the United
States. Collectively, the Benchmarking participants are not representative of the United States even though the effort was substantial
in scope.
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4 Executive Summary

This report provides a preliminary overview of the results for the
Benchmarking Study in mathematics. The real work will take place as
each participating entity begins to examine its curriculum, teaching force,
instructional approaches, and school environment 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, as policy makers, adminis-
trators, teachers, and communities work to make improvements in a
number of important areas related to educational quality.

Unlike in many countries around the world where educational decision
making is highly centralized, in the United States the opportunities to
learn mathematics derive from an educational system that operates
through states and districts, allocating opportunities through schools
and then through classrooms. Improving students’ opportunities to
learn requires examining every step of the educational system, including
the curriculum, teacher quality, availability and appropriateness of
resources, student motivation, instructional effectiveness, parental
support, and school safety.

Particularly since A Nation at Risk® was issued eighteen years ago, many
states and school districts have been working on the arduous task of
improving education in their jurisdictions. During the past decade,
content-driven systemic school reform has emerged as a promising model
for school improvement.* That is, curriculum frameworks establishing
what students should know and be able to do provide a coherent direc-
tion for improving the quality of instruction. Teacher preparation,
instructional materials, and other aspects of the system are then aligned
to reflect the content of the frameworks in an integrated way to reinforce
and sustain high-quality teaching and learning in schools and classrooms.

There has been concerted effort across the nation in writing and revising
academic standards that has very much included attention to mathe-
matics. All states except Iowa (which as a matter of policy publishes no
state standards) now have content or curriculum standards in mathe-
matics, and many educational jurisdictions have worked successfully to
improve their initial standards in clarity and content.’ Forty-three states
also have some type of criterion-referenced mathematics assessment
aligned to state standards.® Much of this effort has been based on work
done at the national level over the past decade to develop standards

3" A Nation at Risk: The Imperative for Education Reform (1983), Washington, DC: National Commission on Excellence in Education.

4 0'Day, J.A. and Smith, M.S. (1993), “Systemic Reform and Educational Opportunity” in S.H. Fuhrman (ed.), Designing Coherent
Education Policy: Improving the System, San Francisco, CA: Jossey-Bass, Inc.

5 Raimi, R.A. (2000), “The State of State Standards in Mathematics” in C.E. Finn and M.J. Petrilli (eds.), The State of State Standards,
Washington, DC: Thomas B. Fordham Foundation; Glidden, H. (1999), Making Standards Matter 1999, Washington, DC: American
Federation of Teachers.

6 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).



aimed at increasing the mathematics competencies of all students.
Since 1989, when the National Council of Teachers of Mathematics
(NcT™) published Curriculum and Education Standards for School
Mathematics, the mathematics education community has had the benefit
of a unified set of goals for mathematics teaching and learning. The
NcTM standards have been a springboard for state and local efforts to
focus and improve mathematics education.”

Despite considerable energy devoted to educational improvement,
achievement in mathematics has shown only modest gains since 198g.°
The TiMss results show little change in eighth-grade mathematics
achievement between 1995 and 1999. In 19qg, the U.S. eighth graders
performed significantly above the Timss international average in math-
ematics, but about in the middle of the achievement distribution of the
38 participating countries (above 17 countries, similar to 6, and below
14). In TIMSS 1999, the world class performance levels in mathematics
were set essentially by five Asian countries. Singapore, the Republic of
Korea, Chinese Taipei, and Hong Kong SAR had the highest average
performance, with Singapore and Korea having significantly higher
achievement than all other participating countries. Japan, the fifth, also
performed very well, as did Belgium (Flemish)? (see Exhibits 1.1 and
1.2 in Chapter 1).

7 Kelly, D.L., Mullis, 1.V.S., and Martin, M.0O. (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.

8 Campbell, J.R., Hombo, C.M., and Mazzeo, J. (2000), NAEP 1999 Trends in Academic Progress: Three Decades of Student
Performance, NCES 2000-469, Washington, DC: National Center for Education Statistics.

9 Belgium has two separate educational systems, Flemish and French. The Flemish system participated in TIMSS 1999.
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6 Executive Summary

Major Findings from the TIMSS 1999
Benchmarking Study

> Average mathematics performance for the 13 Benchmarking states
was clustered in the middle of the international distribution of
results for the 48 countries. All of the Benchmarking states
performed either significantly above or similar to the international
average, yet significantly below the high-performing Asian countries.

P> The Benchmarking Study underscores the extreme importance of
looking beyond the averages to the range of performance found
across the nation. Performance across the participating school
districts and consortia reflected nearly the full range of achievement
internationally. Although achievement was not as high as Singapore,
Korea, and Chinese Taipei, the top-performing Benchmarking juris-
dictions of the Naperville School District and the First in the World
Consortium (both in Illinois) performed similarly to Hong Kong,
Japan, Belgium (Flemish), and the Netherlands. At the other end of
the continuum, urban districts with high percentages of students
from low-income families, such as the Chicago Public Schools, the
Rochester City School District, and the Miami-Dade County Public
Schools, performed more similarly to lower-performing countries
such as Thailand, Macedonia, and Iran, respectively, but significantly
higher than the lowest-scoring countries.

P> The Timss 1999 Benchmarking Study provides evidence that some
schools in the U.S. are among the best in the world, but that a world-
class education is not available to all children across the nation. The
TIMss index of home educational resources (based on books in the
home, availability of study aids, and parents’ education level) shows
that students with more home resources have higher mathematics
achievement. Furthermore, the Benchmarking jurisdictions with the
greatest percentages of students with high levels of home resources
were among the top-performing jurisdictions, and those with the
lowest achievement were four urban districts that also had the lowest
percentages of students with high levels of home resources. These and
other TIMSS 1999 Benchmarking results support research indicating
that students in urban districts with a high proportion of low-income
families and minorities often attend schools with fewer resources
than in non-urban districts, including less experienced teachers, fewer
appropriate instructional materials, more emphasis on lower-level
content, less access to gifted and talented programs, higher absen-
teeism, more inadequate buildings, and more discipline problems.



| (BT 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 juris-
dictions. This follows the national and international pattern where
the United States was one of g4 countries in 19gg with girls and
boys performing similarly.

P> Of the five mathematics content areas assessed by Timss, U.S.
eighth graders performed higher than the international average
in fractions and number sense; data representation, analysis, and
probability; and algebra; but only at the international average in
measurement and geometry. Despite the major differences among
the Benchmarking participants geographically, economically, and
culturally, most to some extent followed the national pattern. It will
be important, however, for each participant to determine its specific
relative strengths and weaknesses in mathematics achievement.

P> The Benchmarking results indicate that students’ relatively lower
achievement in geometry is most likely related to less coverage of
geometry topics in mathematics classrooms. Teachers also expressed
the least confidence in their preparation to teach geometry.

P> The content area emphasis differed dramatically from jurisdiction
to jurisdiction, however. For example, teachers in Naperville
reported emphasizing algebra for nearly all their students (g1
percent), and those in the Academy School District, the Michigan
Invitational Group, and Montgomery County for about half. In
contrast, about 70 percent of the students in Jersey City and
Rochester received a combined emphasis on algebra, geometry,
number, etc., and nearly half the students in Chicago had an
emphasis mainly on number.

P> Research shows that higher achievement in mathematics is associ-
ated with teachers having a bachelor’s and/or master’s degree in
mathematics.'” 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 (41 percent in the U.S. compared with 71 percent
internationally, on average). Among the Benchmarking jurisdic-
tions, the percentages of students taught by teachers with
mathematics as a major area of study varied dramatically from 7o
to 79 percent in the First in the World Consortium, Naperville,
and Rochester, to less than one-quarter in the Delaware Science
Coalition and Jersey City.

10 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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8  Executive Summary

> n general, teachers in many Benchmarking entities and in the

United States overall may be overconfident about their preparation
to teach eighth-grade mathematics. More teachers in the
Benchmarking jurisdictions and in the U.S. nationally reported
feeling very well prepared to teach mathematics compared with their
counterparts in other countries. In half the Benchmarking jurisdic-
tions, go percent of the students had teachers who felt “very well
prepared” to teach across a range of 12 general mathematics topics
covered by TiMss. Across the Benchmarking entities, the smallest
percentage of students with teachers highly confident in their prepa-
ration to teach mathematics was 775 percent, which was higher than
the international average of 63 percent. The comparable figure for
the U.S. was 87 percent.

Since entering teachers make up a relatively small percentage of the
teaching force, improving teacher quality depends on providing
opportunities for professional development. Across the
Benchmarking participants, there was considerable variation in the
type of professional development that teachers engaged in. For
example, only in the First in the World Consortium and Montgomery
County did more than half the students have mathematics teachers
who reported both observing and being observed by other teachers.
In many of the Benchmarking entities, half or more of the students
had teachers who reported that their professional development activ-
ities emphasized curriculum, but only about one-quarter had
teachers who reported that their professional development activities
emphasized content knowledge.

The choices teachers make determine, to a large extent, what students
learn. In effective teaching, worthwhile mathematical problems are
used to introduce important ideas and engage students’ thinking. The
Benchmarking results show that higher achievement is related to the
emphasis that teachers place on reasoning and problem-solving activi-
ties. This finding is consistent with the video study component of
TiMss conducted in 19g5.!! Analyses of videotapes of mathematics
classes revealed that in the typical mathematics lesson in Japan
students worked on developing solution procedures to report to the
class that were often expected to be original constructions. In
contrast, in the typical U.S. lesson students essentially practiced proce-
dures that had been demonstrated by the teacher.

11 Stigler, JW., Gonzales, P, Kawanaka, T., Knoll ., and Serrano, A. (1999), The TIMSS Videotape Classroom Study: Methods and Findings
from an Exploratory Research Project on Eighth-Grade Mathematics Instruction in Germany, Japan, and the United States, NCES 1999-
074, Washington, DC: National Center for Education Statistics.



P> In rivss 1999, about half the Japanese students had teachers who
reported a high degree of emphasis on reasoning activities in their
mathematics classes, more than in any other country. The degree
of emphasis on reasoning and problem-solving varied dramatically
among Benchmarking participants. At the top end, between 41
and 46 percent of the students in Jersey City, the First in the
World Consortium, and the Michigan Invitational Group had
teachers who reported a high degree of emphasis on mathematics
reasoning and problem-solving. Oregon and Chicago had the
smallest percentages of students (eight and nine percent, respec-
tively) with teachers reporting this degree of emphasis.

> general, the TIMSS 1999 data reveal that in most mathematics
classes teachers do not focus on mathematics reasoning. Just as
was found in the 1995 videotapes, it appears that usually the
teacher states the problem, demonstrates the solution, and then
asks the students to practice. Ninety-four percent of U.S. eighth
graders reported that their teachers showed them how to do math-
ematics problems almost always or pretty often during
mathematics lessons, and 86 percent reported working from work-
sheets or textbooks on their own this frequently. According to U.S.
mathematics teachers, class time is spent as follows: 15 percent on
homework review; 20 percent on lecture style teacher presenta-
tion; g5 percent on teacher-guided or independent student
practice; 12 percent on re-teaching and clarification; 11 percent
on tests and quizzes, six percent on administrative tasks; and four
percent on other activities.

P> The Timss 1999 data indicate that the instructional time for
learning mathematics, beyond being spent primarily on demon-
strations of procedures and repeated practice, becomes further
eroded by non-instructional tasks. In Japan and Korea, more than
half the students were in classes that never had interruptions for
announcements or administrative tasks. Among the Benchmarking
participants, the results ranged from 22 percent of the eighth
graders in such classes in Naperville to only five percent in Jersey
City. Also, 74 percent of the U.S. students reported that they
began their mathematics homework during class almost always or
pretty often, well above the international average of 42 percent. In
most Benchmarking jurisdictions, the results followed the national
pattern, although the percentage varied from 43 to go percent.
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P> The Benchmarking Study shows that students in schools that are

well-resourced have higher mathematics achievement. Among the
Benchmarking participants, three-fourths or more of the students in
the Academy School District, the First in the World Consortium, and
Naperville were in schools where the capacity to provide mathematics
instruction was largely unaffected by shortages or inadequacies in
instructional materials, supplies, buildings, space, computers and
computer software, calculators, library materials and audio-visual
resources. These high percentages exceeded those of all the TiMSS
1999 countries, with the highest percentages (about 50 percent)
reported by Belgium (Flemish), Singapore, and the Czech Republic.

Discipline that maintains a safe and 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.'? 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 prin-
cipals’ reports about the seriousness of a variety of potential discipline
problems. In several of the urban districts, however, 10 percent or
more of the students were in schools where absenteeism, classroom
disturbances, and physical injury to students were felt to be serious
problems. Also in several of these districts, 20 percent or more of the
students were in schools where intimidation or verbal abuse among
students was a serious problem.

12 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; Kaufman, P, Chen, X., Choy, S.P, Ruddy, S.A., Miller, A.K., Fleury, J.K., Chandler, K.A., Rand,
M.R., Klaus, P., and Planty, M.G. (2000), Indicators of School Crime and Safety, 2000, NCES 2001-017/NCJ-184176, Washington, DC:
U.S. Departments of Education and Justice.



Among the 27 participants in the TIMSS 1999 Benchmarking Study,
there was particularly extreme variation in mathematics achievement
among the school districts and consortia, but less among the states.
Several districts in relatively wealthy communities had comparatively
high achievement in mathematics, while others in urban areas with
high percentages of students from low-income families had relatively
low achievement, compared with the TIMSS 1999 results internationally.
Regardless of its performance, however, each state, district, and consor-
tium now has a better idea of the challenges ahead and access to a rich
array of data about various facets of its educational system. The TIMSS
1999 data provide an excellent basis for examining how best to move
from developing a curriculum framework or standards in mathematics
to meeting the extraordinary challenge of actually implementing the
standards in schools and classrooms often characterized by consider-
able cultural, social, and experiential diversity.
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Over the last decade, many states and school districts have created
content and performance standards targeted at improving students’
achievement in mathematics and science. In mathematics, in particular,
most states are in the process of updating and revising their standards.
All states except Iowa (which as a matter of policy publishes no state
standards) now have content or curriculum standards in mathematics,
and many educational jurisdictions have worked successfully to improve
their initial standards in clarity and content.! Much of this effort has
been based on work done at the national level during this period to
develop standards aimed at increasing the mathematics competencies
of all students. Since 1989, when the National Council of Teachers of
Mathematics (NcT™M) published Curriculum and Education Standards for
School Mathematics, the mathematics education community has had the
benefit of a unified set of goals for mathematics teaching and learning.
The ncTM standards have been a springboard for state and local efforts
to focus and improve mathematics education.?

Particularly during the past decade, there has been an enormous
amount of energy expended in states and school districts not only on
developing mathematics content standards but also on improving
teacher quality and school environments as well as on developing
assessments and accountability measures.? Participating in an interna-
tional assessment provides states and school districts a global context
for evaluating the success of their policies and practices aimed at
raising students’ academic achievement.

What Is TIMSS 1999 Benchmarking?

TIMSS 1999, a successor to the 1995 Third International Mathematics
and Science Study (T1MSS), focused on the mathematics and science
achievement of eighth-grade students. Thirty-eight countries including
the United States participated in TIMSS 1999 (also known as TImss-
Repeat or TiMss-R). Even more significantly for the United States,
however, TIMSS 1999 included a voluntary Benchmarking Study.
Participation in the TimMss 1999 Benchmarking Study at the eighth
grade provided states, districts, and consortia an unprecedented oppor-
tunity to assess the comparative international standing of their
students’ achievement and evaluate their mathematics and science
programs in an international context. Participants were also able to

T Raimi, RA. (2000), “The State of State Standards in Mathematics” in C.E. Finn and M.J. Petrilli (eds.), The State of State Standards,
Washington, DC: Thomas B. Fordham Foundation; Glidden, H. (1999), Making Standards Matter 1999, Washington, DC: American
Federation of Teachers.

2 Kelly, D.L., Mullis, 1.V.S., and Martin, M.0. (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.

3 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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compare their achievement with that of the United States as a whole, and
in the cases where they both participated, school districts could compare
with the performance of their states.

Originally conducted in 1994-1995,* TIMSS compared the mathematics
and science achievement of students in 41 countries at five grade levels.
Using questionnaires, videotapes, and analyses of curriculum materials,
TIMSS also investigated the contexts for learning mathematics and science
in the participating countries. TIMSS results, which were first reported in
1996, have stirred debate, spurred reform efforts, and provided important
information to educators and decision makers around the world. The
findings from TIMSS 1999, a follow-up to the earlier study, add to the rich-
ness of the TiMss data and their potential to have an impact on policy and
practice in mathematics and science teaching and learning.

Twenty-seven jurisdictions from all across the nation, including 19 states
and 14 districts or consortia, participated in the Benchmarking Study (see
Exhibit 1). To conduct the Benchmarking Study, the TIMSS 19QgQ assess-
ments were administered to representative samples of eighth-grade
students in each of the participating districts and states in the spring of
1999, at the same time and following the same guidelines as those estab-
lished for the g8 countries.

In addition to testing achievement in mathematics and science, the TimMss
1999 Benchmarking Study involved administering a broad array of ques-
tionnaires. TIMSS collected extensive information from students, teachers,
and school principals as well as system-level information from each partici-
pating entity about mathematics and science curricula, instruction, home
contexts, and school characteristics and policies. The TiMSs data provide
an abundance of information making it possible to analyze differences in
current levels of performance in relation to a wide variety of factors asso-
ciated with classroom, school, and national contexts within which
education takes place.

Why Did Countries, States, Districts, and Consortia Participate?

The decision to participate in any cycle of Timss is made by each country
according to its own data needs and resources. Similarly, the states,
districts, and consortia that participated in the Benchmarking Study
decided to do so for various reasons.

4 TIMSS was administered in the spring of 1995 in northern hemisphere countries and in the fall of 1994 in southern hemisphere coun-
tries, both at the end of the school year.
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Primarily, the Benchmarking participants are interested in building
educational capacity and looking at their own situations in an interna-
tional context as a way of improving mathematics and science teaching
and learning in their jurisdictions. International assessments provide an
excellent basis for gaining multiple perspectives on educational issues
and examining a variety of possible reasons for observed differences in
achievement. While Timss helps to measure progress towards learning
goals in mathematics and science, it is much more than an educational
Olympics. It is a tool to help examine such questions as:

* How demanding are our curricula and expectations for
student learning?

® Is our classroom instruction effective? Is the time provided for
instruction being used efficiently?

¢ Are our teachers well prepared to teach mathematics concepts? Can
they help students understand mathematics?

® Do our schools provide an environment that is safe and conducive
to learning?

Unlike in many countries around the world where educational decision
making is highly centralized, in the United States the opportunities to
learn mathematics derive from an educational system that operates
through states and districts, allocating opportunities through schools
and then through classrooms. Improving students’ opportunities to
learn requires examining every step of the educational system,
including the curriculum, teacher quality, availability and appropriate-
ness of resources, student motivation, instructional effectiveness,
parental support, and school safety.

Mathematics Benchmarking Report: TIMSS 1999 — Eighth Grade
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Which Countries, States, Districts, and Consortia Participated?

Exhibit 1 shows the 38 countries, 19 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
project follow.

Delaware Science Coalition. The Delaware Science Coalition (Dsc) is a
coalition of 15 school districts working in partnership with the
Delaware Department of Education and the business-based Delaware
Foundation for Science and Mathematics Education. The mission of
the Dsc is to improve the teaching and learning of science for all
students in grades K-8. The Coalition includes more that 2,200 teachers
who serve more than go percent of Delaware’s public school students.

First in the World Consortium. The First in the World Consortium consists
of a group of 18 districts from the North Shore of Chicago that have
joined forces to bring a world-class education to the region’s students
and to improve mathematics and science achievement in their schools.
Resulting from meetings of district superintendents in 199s, the
consortium decided to focus on three main goals: benchmarking their
performance to educational standards through participating in the
original TIMSS in 1996 and again in 19qg; creating a forum to share
the vision with businesses and the community of benchmarking to
world-class standards; and establishing a network of learning communi-
ties of teachers, researchers, parents, and community members to
conduct the work needed to achieve their goal.

Fremont/Lincoln/Westside Public Schools. The Fremont/Lincoln/Westside
consortium is comprised of three public school districts in Nebraska.
These districts joined together specifically to participate in the TImMSS
1999 Benchmarking Study.

Michigan Invitational Group. The Michigan Invitational Group is a
heterogeneous and socioeconomically diverse group composed of
urban, suburban, and rural schools across Michigan. Schools invited to
participate as part of this consortia were those that were using National
Science Foundation (NSF) materials, well-developed curricula, and
provided staff development to teachers.
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Project SMART Consortium. SMART (Science & Mathematics
Achievement Required For Tomorrow) is a consortium of go diverse
school districts in northeast Ohio committed to continuous improve-
ment, long term systemic change, and improved student learning in
science and mathematics in grades K-12. It is jointly funded by the
Ohio Department of Education and the Martha Holden Jennings
Foundation. The schools that participated in the project represent
17 of the go districts.

Southwest Pennsylvania Math and Science Collaborative. The Southwest
Pennsylvania Math and Science Collaborative, established in 1994,
coordinates efforts and focuses resources on strengthening math and
science education in the entire southwest Pennsylvania workforce
region that has Pittsburgh as its center. Committed to gathering and
using good information that can help prepare its students to be
productive citizens, the Collaborative is composed of all 118 “local
control” public districts, as well as the parochial and private schools
in the nine-county region. Several of these districts are working
together in selecting exemplary materials, developing curriculum
frameworks, and building sustained professional development strate-
gies to strengthen math and science instruction.
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What Is the Relationship Between the TIMSS 1999 Data for the
United States and the Data for the Benchmarking Study?

The results for the §8 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.> 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.® The results for the
United States in those reports, as well as in this volume and its companion
science report,” 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 TImMss 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 approximately
1,000 schools, 4,000 teachers, and r0,000 students.

5 Mullis, .V.S., Martin, M.O., Gonzalez, E.J., Gregory, K.D., Garden, R.A., 0'Connor, K.M., Chrostowski, S.J., and Smith, T.A. (2000), TIMSS
1999 International Mathematics Report: Findings from IEA's Repeat of the Third International Mathematics and Science Study at the
Eighth Grade, Chestnut Hill, MA: Boston College; Martin, M.0., Mullis, I.V.S., Gonzalez, E.J., Gregory, K.D., Smith, T.A., Chrostowski, S.J.,
Garden, R.A., and O'Connor, K.M. (2000), TIMSS 1999 International Science Report: Findings from IEA's Repeat of the Third
International Mathematics and Science Study at the Eighth Grade, Chestnut Hill, MA: Boston College.

6 Gonzales, P, Calsyn, C., Jocelyn, L., Mak, K., Kastberg, D., Arafeh, S., Williams, T., and Tsen, W. (2000), Pursuing Excellence:
Comparisons of International Eighth-Grade Mathematics and Science Achievement from a U.S. Perspective, 1995 and 1999, NCES
2001-028, Washington, DC: National Center for Education Statistics.

7 Martin, M.0., Mullis, 1.V.S., Gonzalez, E.J., O'Connor, K.M., Chrostowski, S.J., Gregory, K.D., Smith, T.A., and Garden, R.A. (2001),
Science Benchmarking Report, TIMSS 1999 — Eighth Grade: Achievement for U.S. States and Districts in an International Context,
Chestnut Hill, MA: Boston College.
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How Was the TIMSS 1999 Benchmarking Study Conducted?

The TiMss 1999 Benchmarking Study was a shared venture. In conjunc-
tion with the Office of Educational Research and Improvement (OERI)
and the National Science Foundation (NsF), the National Center for
Education Statistics (NCES) worked with the International Study Center
at Boston College to develop the study. Each participating jurisdiction
invested valuable resources in the effort, primarily for data collection
including the costs of administering the assessments at the same time
and using identical procedures as for Timss in the United States. Many
participants have also devoted considerable resources to team building
as well as to staff development to facilitate use of the TIMSS 1999 results
as an effective tool for school improvement.

The TiMss studies are conducted under the auspices of the
International Association for the Evaluation of Educational
Achievement (1EA), an independent cooperative of national and
governmental research agencies with a permanent secretariat based in
Amsterdam, the Netherlands. Its primary purpose is to conduct large-
scale comparative studies of educational achievement to gain a deeper
understanding of the effects of policies and practices within and across
systems of education.

TIMSS is part of a regular cycle of international assessments of mathe-
matics and science that are planned to chart trends in achievement
over time, much like the regular cycle of national assessments in the
U.S. conducted by the National Assessment of Educational Progress
(NAaEP). Work has begun on TiMss 2004, and a regular cycle of studies
is planned for the years beyond.

The 1A delegated responsibility for the overall direction and manage-
ment of TIMSS 1999 to the International Study Center in the Lynch
School of Education at Boston College, headed by Michael O. Martin
and Ina V.S. Mullis. In carrying out the project, the International Study
Center worked closely with the 1EA Secretariat, Statistics Canada in
Ottawa, the 1A Data Processing Center in Hamburg, Germany, and
Educational Testing Service in Princeton, New Jersey. Westat in
Rockville, Maryland, was responsible for sampling and data collection
for the Benchmarking Study as well as the U.S. component of TIMsS
1999 so that procedures would be coordinated and comparable.

Mathematics Benchmarking Report: TIMSS 1999 — Eighth Grade
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Funding for TiMss 199g was provided by the United States, the World
Bank, and the participating countries. Within the United States, funding
agencies included NCEs, Ns¥F, and OERI, the same group of organizations
supporting major components of the TiMSs 1999 Benchmarking Study for
states, districts, and consortia, including overall coordination as well as
data analysis, reporting, and dissemination.

What Was the Nature of the Mathematics Test?

The TiMss curriculum frameworks developed for 1995 were also used for
1999. They describe the content dimensions for the TIMSS tests as well as
the performance expectations (behaviors that might be expected of
students in school mathematics).® Five content areas were covered in the
TIMSS 1999 mathematics test. These areas and the percentage of the test
items devoted to each are fractions and number sense (38 percent), meas-
urement (15 percent), data representation, analysis, and probability (13
percent), geometry (19 percent), and algebra (22 percent). The perform-
ance expectations include knowing (19 percent), using routine
procedures (23 percent), using complex procedures (24 percent), investi-
gating and solving problems (g1 percent), and communicating and
reasoning (two percent).

The test items were developed through a cooperative and iterative process
involving the National Research Coordinators (NRCs) of the participating
countries. All of the items were reviewed thoroughly by subject matter
experts and field tested. Nearly all the TIMSS 1999 countries participated
in field testing with nationally representative samples, and the NrRcs had
several opportunities to review the items and scoring criteria. The TIMSS
1999 mathematics test contained 162 items representing a range of math-
ematics topics and skills.

About one-fourth of the questions were in the free-response format,
requiring students to generate and write their answers. These questions,
some of which required extended responses, were allotted about one-
third of the testing time. Responses to the free-response questions were
evaluated to capture diagnostic information, and some were scored using
procedures that permitted partial credit. Chapter 2 of this report contains
16 example items illustrating the range of mathematics concepts and
processes covered in the TIMSS 19gq test. Appendix D contains descrip-
tions of the topics and skills assessed by each item.

8 Robitaille, D.F,, McKnight, C.C., Schmidt, W.H., Britton, E.D., Raisen, S.A., and Nicol, C. (1993), TIMSS Monograph No. 1: Curriculum
Frameworks for Mathematics and Science, Vancouver, BC: Pacific Educational Press.
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Testing was designed so that no one student took all the items, which
would have required more than three hours of testing time. Instead,
the test was assembled in eight booklets, each requiring go minutes to
complete. Each student took only one booklet, and the items were
rotated through the booklets so that each item was answered by a
representative sample of students.

How Does TIMSS 1999 Compare with NAEP?

The National Assessment of Educational Progress (NAEP) is an ongoing
program that has reported the mathematics achievement of U.S.
students for some go years. TIMSS and NAEP were designed to serve
different purposes, and this is evident in the types of assessment items
as well as the content areas and topics covered in each assessment.
TIMSS and NAEP both assess students at the eighth grade, and both tend
to focus on mathematics as it is generally presented in classrooms and
textbooks. However, TIMSS is based on the curricula that students in the
participating countries are likely to have encountered by the eighth
grade, while NAEP is based on an expert consensus of what students in
the United States should know and be able to do in mathematics and
other academic subjects at that grade. For example, TIMSS 1999
appears to place more emphasis on number sense, properties, and
operations than NAEP. NAEP appears to distribute its focus more equally
across the content areas included in the assessment frameworks.?

Whereas NAEP is designed to provide comparisons among and between
states and the nation as a whole, the major purpose of the TIMSS 1999
Benchmarking Study was to provide entities in the United States with a
way to compare their achievement and instructional programs in an
international context. Thus, the point of comparison or “benchmark”
consists primarily of the high-performing T1MSS 1999 countries. The
sample sizes were designed to place participants near the top, middle,
or bottom of the TiMss continuum of performance internationally, but
not necessarily to detect differences in performance among different
Benchmarking participants. For example, all 13 of the participating
states performed similarly in mathematics in relation to the TIMSS
countries — near the middle. As findings from the NAEP assessment in
2000 are released, it is important to understand the differences and
similarities in the assessments to be able to make sense of the findings
in relation to each other.

9 Nohara, D. (working paper 2001), A Comparison of Three Educational Assessments: NAEP, TIMSS-R, and PISA, Washington, DC:
National Center for Education Statistics.
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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.!

It is extremely important, nevertheless, to consider the TIMSS 199g 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 g 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.0., Gregory, K.A., and
Stemler, S.E., eds., (2000), TIMSS 1999 Technical Report, Chestnut Hill, MA: Boston College.
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Selected Characteristics of TIMSS 1999 Countries

o iz Life
Po‘pula‘tlf)n Size Country Expectancy
(in millions)’ ("(I_OOO square at Birth?
ilometers)?
United States 267.6 9159 76
Australia 18.5 7682 78
Belgium (Flemish) 7 10.2 33 77
Bulgaria 83 m 7
Canada 30.3 9221 79
Chile 14.6 749 75
Chinese Taipei ® 22.1 36 75
Cyprus ° 0.8 9 -
Czech Republic 103 77 74
England " 50.0 130 =
Finland 5.1 305 71
Hong Kong 6.5 1 79
Hungary 10.2 92 7l
Indonesia 200.4 1812 65
Iran, Islamic Rep. 60.9 1622 69
Israel " 6.1 21 78
Italy 57.5 294 78
Japan 126.1 377 80
Jordan 44 89 Al
Korea, Rep. 46.0 99 72
Latvia 25 62 69
Lithuania 3.7 65 7
Macedonia 2.0 25 72
Malaysia 21.7 329 72
Moldova 43 33 67
Morocco 27.3 711 67
Netherlands 15.6 34 78
New Zealand 3.8 268 77
Philippines 73.5 298 68
Romania 22.6 230 69
Russian Federation 1473 16889 67
Singapore 3.1 1 76
Slovak Republic 5.4 48 73
Slovenia 2.0 20 75
South Africa 40.6 1221 65
Thailand 60.6 511 69
Tunisia 9.2 155 70
Turkey * 62.5 815 69

Estimates for 1997 based, in most cases, on a de facto definition. Refugees not permanently settled
in the country of asylum are generally considered to be part of their country of origin. World Bank
(1999) World Development Indicators, p. 42-44.

Area is the total surface area in square kilometers, comprising all land area and inland waters. World
Bank (1999) World Development Indicators, p. 120-122

Number of years a newborn infant would live if prevailing patterns of mortality at its birth were to
stay the same throughout its life. World Bank (1999) World Development Indicators, p. 110-112.

Infant mortality rate is the number of deaths of infants under one year of age during 1997 per
1,000 live births in the same year. World Bank (1999) World Development Indicators, p.16-18.

Population aged 15 years and over. UNDP (1999) Human Development Report 1999 (134-137).

© ® o~

Infant

Mortality Rate Adult Literacy

(per 1000 live
births)*

7
5

6
18

"

47
Ey)

48
33
30
40

8th Grade Mathematics

Rate (%)®

99.0
99.0
99.0
98.2
99.0
95.2
95.9
99.0
99.0
99.0
92.4
99.0
85.0
733
95.4
98.3
99.0
87.2
97.2
99.0
99.0
94.0
85.7
98.3
45.9
99.0
99.0
94.6
97.8
99.0
91.4
99.0
99.0
84.0
94.7
67.0
83.2

Daily
Newspaper
Circulation
(per 1000)¢

212
296
161
254
158

98
1m
254

455
786
186
23
26
288
104
578
y)
394
247
93
21
163
60
27
306
216
82
298
105
324
184
199
34
64
31
110

Figures for Belgium (Flemish) are for the whole country of Belgium.

10 The Statesman's Yearbook, 1998-99. Edited by Barry Turner, p.1411.

" Data provided by Israel's Central Bureau of Statistics, publication no. 1133.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

Data provided by Department of Statistics, Ministry of Interior, Republic of China.
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A newspaper issued at least four times a week is considered to be a daily newspaper. Circulation
figures show the average circulation. UNESCO (1999) Statistical Yearbook, IV (106-133).

Data for population, area, and infant mortality provided by Cypriot Government Statistics

12 Data provided by Ministere du plan et de I'initiation economique: Annuaire de Maroc, 1999.

13 Data provided by Turkey's State Institute of Statistics.

A dash (-) indicates data are not available.
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Selected Economic Indicators of TIMSS 1999 Countries

United States
Australia
Belgium (Flemish)
Bulgaria
Canada

Chile

Chinese Taipei
Cyprus

Czech Republic
England
Finland

Hong Kong
Hungary
Indonesia

Iran, Islamic Rep.
Israel

Italy

Japan

Jordan

Korea, Rep.
Latvia
Lithuania
Macedonia
Malaysia
Moldova
Morocco
Netherlands
New Zealand
Philippines
Romania
Russian Federation
Singapore
Slovak Republic
Slovenia

South Africa
Thailand
Tunisia

Turkey

Gross National
Product per
Capita (in US
dollars)

29080
20650
26730

1170
19640

4820
13235

5240

24790
25200
4510
1110
1780
16180
20170
38160
1520
10550
2430
2260
1100
4530
460
1260
25830
15830
1200
1410
2680
32810
3680
9840
3210
2740
2110
3130

T World Bank (1999) World Development Indicators, p. 12-14.

2 An international dollar has the same purchasing power over GNP as a U.S. dollar in the United
States. World Bank (1999) World Development Indicators, p. 12-14.

3 UNESCO (1999) Statistical Yearbook, p.II-(490-513); Belgium figure is for the Flemish community
only; Cyprus is for Greek section only.

4 UNESCO (1999) Statistical Yearbook, p.IlI-(6-17); Belgium figure is for the Flemish community only; 8

Cyprus is for Greek section only.

5 Unemployment is the share of the labor force that is without work but available for and seeking
employment. Definitions of labor force and unemployment differ by country. World Bank (1999)
World Development Indicators, p. 58-60.
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GNP per
Capita
(Purchasing
Power Parity)?

29080
19510
23090

3870
21750
12240

10380

19660
24350
6970
3390
5690
17680
20100
24400
3350
13430
3970
4140
3180
7730
1450
3210
21300
15780
3670
4270
4280
29230
7860
11880
7190
6490
5050
6470

Expenditure
on Education
as % of Gross

National
Product?

5.4
55
3.1
32
6.9
36
49
45
5.1
75
29
46
1.4
4.0

10.1
49
36
7.9
3.7
63
55
5.1
49

10.6
53
5.1
73
34
36
35
3.0
5.0
5.7
8.0
48
7.7
22

Expenditure
on Research
and
Development
as % of Gross
National
Product*
2.6
1.8
1.6
0.6
1.7
0.6
2.0
0.2
1.2
2.8
0.3
0.7
0.1
0.5
2.4
2.2
2.8
0.3
2.8
0.4
0.7
0.2
0.9
2.1
1.0
0.2
0.7
0.9
1.1
1.1
1.5
0.7
0.1
0.3
0.5

8th Grade Mathematics

Total
Unemployment
(% of total
labor force)®

5.0
8.4
12.7
1.1
9.4
5.3
2.9

3.1

14.7
2.2
10.5

7.1
12.1
32

2.7
7.0
7.1
38.8
25
1.6
17.8
6.2
6.0
7.9
6.3
34
24
12.6
13.9

0.9

6.6

Aid per
Capita®

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.
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6 World Bank (1999) World Development Indicators, p. 352-355. Aid per capita includes official devel-

opment assistance, which consists of disbursement of loans and grants, and official aid, which con-
sists of capital projects, budget and balance of payments support, food and other commodity servic-

es, technical co-operation and emergency relief. A negative value indicates repayments exceed aid

payments.

data in year shown.

Figures for Belgium (Flemish) are for the whole country of Belgium.
Data provided by Department of Statistics, Ministry of Interior, Republic of China.

9 Data Provided by Israel’s Central Bureau of Statistics, publication no. 1133.

A dash (-) indicates data are not available or that aggregates cannot be calculated because of missing



How Do the Benchmarking Jurisdictions Compare on
Demographic Indicators?

Together, the indicators in Exhibits 2 and g 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 (9g percent), the Miami-Dade County Public Schools
(93 percent), and the Rochester City School District (84 percent).
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These four districts also had very high percentages of students from low-
income families. In comparison, Naperville and the Academy School
District had less than one-fifth minority students and less than five
percent of their students from low-income families.

Research on disparities between urban and non-urban schools reveals a
combination of factors, often interrelated, that all mesh to lessen
students’ opportunities to learn in urban schools. Students in urban
districts with high percentages of low-income families and minorities
often attend schools with higher proportions of inexperienced teachers."
Urban schools also have fewer qualified teachers than non-urban schools.
In reviewing the U.S. Department of Education’s 1994 Schools and
Staffing Survey, Education Week prepared a 1998 study on urban education
that found that urban school districts experience greater difficulty filling
teacher vacancies, particularly for certain fields including mathematics,
and that they are more likely than non-urban schools to hire teachers who
have an emergency or temporary license.!? Studies of under-prepared
teachers indicate that such teachers have more difficulty with classroom
management, teaching strategies, curriculum development, and student
motivation.!® Teacher absenteeism is also a more serious problem in
urban districts. An NCES report on urban schools found they have fewer
resources, such as textbooks, supplies, and copy machines, available for
their classrooms.!* It also found that urban students had less access to
gifted and talented programs than suburban students. Additionally,
several large studies have found urban school facilities to be functionally
older and in worse condition than non-urban ones."

1 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.

12 Quality Counts 1998, The Urban Challenge: Public Education in the 50 States, Education Week, 17(17).

13 Darling-Hammond, L. and Post, L. (2000), “Inequality in Teaching and Schooling: Supporting High Quality Teaching and Leadership in
Low-Income Schools” in R. Kahlenberg (ed.), A Notion at Risk: Preserving Public Education as an Engine for Social Mobility, Century
Foundation Press.

14 Lippman, L., Burns, S., and McArthur, E. (1996), Urban Schools: The Challenge of Location and Poverty, NCES 96-184, Washington, DC:
National Center for Education Statistics.

15 Lewis, L., Snow, K., Farris, E., Smerdon, B., Cronen, S., Kaplan, J., and Greene, B. (2000), Condition of America's Public School Facilities:
7999, NCES 2000-032, Washington, DC: National Center for Education Statistics; School Facilities: America's Schools Report Differing
Conditions (1996), GAO/HEHS-96-103, Washington, DC: U.S. General Accounting Office.



Selected Characteristics of States, Districts and Consortia*

Total Public
Enrollment

(All Grades) Special
Needs
States
Connecticut 544698 14
Idaho 244722 11
lllinois 2011530 14
Indiana 988094 15
Maryland 841671 13
Massachusetts 962317 18
Michigan 1720266 5
Missouri 912445 14
North Carolina 1254821 13
Oregon 542809 1
Pennsylvania 1816414 "
South Carolina 664592 13
Texas 3945367 12
Districts and Consortia
Academy School Dist. #20, CO 15821 7
Chicago Public Schools, IL 430914 12
Delaware Science Coalition, DE * 19830
First in the World Consort., IL 35802 13
Fremont/Lincoln/WestSide PS, NE 40769 15
Guilford County, NC 61154 14
Jersey City Public Schools, NJ 32505 9
Miami-Dade County PS, FL 352536 11
Michigan Invitational Group, Ml # 10947
Montgomery County, MD 127933 12
Naperville Sch. Dist. #203, IL 18473 1"
Project SMART Consortium, OH * 15266
Rochester City Sch. Dist., NY 38121 17
SW Math/Sci. Collaborative, PA ® 403347 1

* Al data except percent minority and percent low income are from the Common Core of Data (CCD)

published by the National Center for Education Statistics (NCES) of the U.S. Department of
Education. The nonfiscal data are from School Year 1998-99; the state fiscal data are from Fiscal
Year 1997-98, and the district/consortium fiscal data are from Fiscal Year 1996-97. A dash () indi-
cates data were not reported to NCES; a blank indicates data are not available for a consortium. All
percentages are rounded to the nearest whole number.

Percent minority is the percentage of non-white students as reported by participating schools (also
shown in Exhibit 4.4, which provides the breakdown by race/ethnicity).

8th Grade Mathematics

Percentage of Students

Per Pupil
Limited Expenditure?
English Minority! Low Income?
Proficient

4 26 20 8827

7 17 37 4808

6 35 31 6481

3 17 25 6420

2 45 28 7412

13 26 28 8064

= 18 17 7330

1 22 34 5663
2 38 44 5367 §
7 20 33 6920 s
- 2 30 7409 &
0 37 45 5204 2
14 53 48 5567 g
3
E
- 18 4 4767 9
16 89 71 5784 E
37 40 o
8 26 14 8924 g
2 17 23 5915 ;E:
3 43 37 5431 e
= 93 89 9653 =
14 %3 59 5845 2
12 22 5
6 50 25 8223 é
1 18 2 5988 =
21 b) %
= 84 73 8490 g
- 13 3 6858 3

2

v

Percent low income is the percentage of students eligible to receive free or reduced-price lunch
through the National School Lunch Program as of October 1, 1998, as reported by participating
schools (also shown in Exhibit 7.1). Because school response data were available for less than 50%
of students in Miami-Dade, its low-income figure shown is that reported by the Florida Department
of Education’s Bureau of Education Information and Accountability Services.

Per pupil expenditure is net current expenditures as defined by Hawkins-Stafford Education
Amendments of 1988 (P.L. 100-297), divided by average daily attendance for states and by total
enrollment for districts/consortia.

Data shown are for participating schools only.

Enrollment includes students attending private schools that are part of the consortium.
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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 g 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 g gives results for
the five mathematics content areas. Chapters 4 through 7 focus on the
contextual factors related to teaching and learning mathematics. Chapter
4 examines student factors including the availability of educational
resources in the home, how much time they spend studying mathematics
outside of school, and their attitudes towards mathematics. Chapter
provides information about the curriculum, such as the mathematics
included in participants’ content standards and curriculum frameworks as
well as the topics covered and emphasized by teachers in mathematics
lessons. Chapter 6 presents information on mathematics teacher prepara-
tion and professional development activities as well as on classroom
practices. Chapter 7 focuses on school factors, including the availability of
resources for teaching mathematics and school safety.

Each of chapters 4 through 7 is accompanied by a set of reference
exhibits in the reference section of the report, following the main chap-
ters. Appendices at the end of the report summarize the procedures used
in the Benchmarking Study, present the multiple comparisons for the
mathematics content areas, provide the achievement percentiles, list the
topics and processes measured by each item in the assessment, and
acknowledge the numerous individuals responsible for implementing the
TIMSS 1999 Benchmarking Study.
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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.






How Do Participants Differ in Mathematics Achievement?

Exhibit 1.1 presents the distribution of student achievement for the 38
TIMSS 1999 countries and the 27 Benchmarking participants in a two-
page display.! The left-hand page shows countries and Benchmarking
participants together, in decreasing order of average (mean) scale
score, and indicates whether the average for each participant is
significantly higher or lower than the international average of 487. The
international average was obtained by averaging across the mean scores
for each of the 38 participating countries. On the right-hand page is a
tabular display of average achievement, along with the number of years
of formal schooling and the average age of students tested.

Many of the Benchmarking participants performed fairly well on the
TIMSS 1999 mathematics assessment. Average performance for the 13
Benchmarking states was clustered in the middle of the international
distribution of results for the 48 countries. All of the Benchmarking
states performed either significantly above or similar to the international
average. The United States as a whole also had average mathematics
achievement just above the international average.

The Benchmarking Study underscores the extreme importance of
looking beyond the averages to the range of performance found across
the nation. Performance across the participating school districts and
consortia reflected nearly the full range of achievement internationally.
The two highest-achieving Benchmarking participants were the
Naperville School District and the First in the World Consortium.
These were two of the Benchmarking participants with the lowest
percentages of students from low-income families (Naperville,

2 percent; First in the World, 14 percent).? Benchmarking participants
with the lowest average mathematics achievement included four urban
school districts with high percentages of students from low-income
families — the Jersey City Public Schools (89 percent), the Chicago
Public Schools (71 percent), the Rochester City School District (73
percent), and the Miami-Dade County Public Schools (59 percent).
Although not quite as high as Singapore, Korea, and Chinese Taipei
nor as low as the lowest-scoring countries in TIMSS 19qg, the range of
average performance across the Benchmarking districts and consortia
was almost as broad as across all the TIMSS 19gg countries.

T TIMSS used item response theory (IRT) methods to summarize the achievement results on a scale with a mean of 500 and a stan-
dard deviation of 100. Given the matrix-sampling approach, scaling averages students’ responses in a way that accounts for differ-
ences in the difficulty of different subsets of items. It allows students’ performance to be summarized on a common metric even
though individual students responded to different items in the test. For more detailed information, see the “IRT Scaling and Data
Analysis” section of Appendix A.

2 Low-income figures are percentages of students eligible to receive free or reduced-price lunch through the National School Lunch
Program, as reported by participating schools.
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That achievement is distributed broadly within as well as across partici-
pating entities is graphically illustrated in Exhibit 1.1 showing the
distribution of student performance within each entity. Achievement

for each participant is shown for the 25th and 75th percentiles as well

as for the 5th and gxth percentiles.? Each percentile point indicates

the percentages of students performing below and above that point on
the scale. For example, 25 percent of the eighth-grade students in each
participating entity performed below the 25th percentile for that entity,
and 75 percent performed above the 25th percentile. The range between
the 25th and 75th percentiles represents performance by the middle half
of students. In most entities, the range of performance for the middle
group was between 100 and 150 scale-score points. Performance at the
5th and g5th percentiles represents the extremes in both lower and
higher achievement. The range of performance between these two score
points, which includes go percent of the population, is between 250 and
300 points for most participants. The dark boxes at the midpoints of the
distributions show the g5 percent confidence intervals around the average
achievement in each entity.*

As well as showing the wide spread of student achievement within each
entity, the percentiles also provide a perspective on the size of the differ-
ences among entities. Even though performance generally differed very
little between one participant and the next higher- or lower-performing
one, the range across participants was very large. For example, average
performance in Singapore was comparable to or even exceeded perform-
ance at the g5th percentile in the lower-performing countries such as Chile,
the Philippines, Morocco, and South Africa. This means that only the most
proficient students in the lower-performing countries approached the level
of achievement of Singaporean students of average proficiency.

Exhibit 1.2 compares overall mean achievement in mathematics among
individual entities. This figure shows whether or not the differences in
average achievement between pairs of participants are statistically
significant. Selecting a participant of interest and reading across the
exhibit, a triangle pointing up indicates significantly higher performance
than the comparison participant listed across the top; a circle indicates
no significant difference in performance; and a triangle pointing down
indicates significantly lower performance.

The data in Exhibit 1.2 reinforce the point that, when ordered by average
achievement, adjacent participants usually did not significantly differ from
each other, although the differences in achievement between the high-
performing and low-performing participants were very large.

3 Tables of the percentile values and standard deviations for all participants are presented in Appendix C.

4 See the “IRT Scaling and Data Analysis” section of Appendix A for more details about calculating standard errors and confidence
intervals for the TIMSS statistics.



Singapore, Korea, Chinese Taipei, and Hong Kong had the highest
performance, closely followed by Japan, the Naperville School District,
the First in the World Consortium, and Belgium (Flemish).® Naperville
and First in the World both performed similarly to Hong Kong, Japan,
and Belgium (Flemish), but significantly below Singapore, Korea, and
Chinese Taipei. The difference in performance from one participant to
the next was often negligible. Montgomery County, the Michigan
Invitational Group, the Academy School District, the Project SMART
Consortium, the Southwest Pennsylvania Math and Science
Collaborative, Michigan, Texas, Indiana, Oregon, Guilford County,
Massachusetts, Connecticut, and Illinois were outperformed by only the
top-performing eight or nine entities. These Benchmarking jurisdictions
had average achievement most similar to the Netherlands, the Slovak
Republic, Hungary, Canada, Slovenia, the Russian Federation,
Australia, Finland, the Czech Republic, and Malaysia. Pennsylvania

and South Carolina had achievement similar to that of Latvia (Lss),5
the United States, and England, closely followed by North Carolina,
Idaho, Maryland, Missouri, and the Fremont/Lincoln/Westside

Public Schools. The Delaware Science Coalition and the Jersey City
Public Schools had average achievement similar to that of Italy, out-
performing eleven and nine of the TIMSS 1999 countries, respectively.
The Chicago Public Schools had average achievement close to that in
Moldova, Thailand, and Israel. The Rochester City School District and
the Miami-Dade County Public Schools had average eighth-grade math-
ematics performance lower than most of the TIMSS 1999 countries.
Rochester had performance similar to the Republic of Macedonia, but
significantly higher than Indonesia and Chile. Miami-Dade had average
achievement about the same as the Islamic Republic of Iran, but
significantly higher than the three lowest-scoring countries (the
Philippines, Morocco, and South Africa).

5 Belgium has two separate educational systems, Flemish and French. The Flemish system participated in TIMSS 1999,

6 Because coverage of its eighth-grade population falls below 65%, Latvia is annotated LSS for Latvian-Speaking Schools only.
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Distribution of Mathematics Achievement

TIMSS 1999
Benchmarking

1SC

Boston College

Singapore
Korea, Rep. of
Chinese Taipei
Hong Kong, SAR *
Japan
Naperville Sch. Dist. #203, IL
First in the World Consort., IL
Belgium (Flemish)
Netherlands *
Montgomery County, MD *
Slovak Republic
Michigan Invitational Group, Ml
Hungary
Canada
Slovenia
Academy School Dist. #20, CO
Russian Federation
Australia
Project SMART Consortium, OH
Finland
Czech Republic
Malaysia
SW Math/Sci. Collaborative, PA
Michigan
Texas
Indiana *
Oregon
Guilford County, NC 2
Massachusetts
Connecticut
Bulgaria
Illinois
Pennsylvania
Latvia (LSS)
United States
South Carolina
England *
North Carolina
Idaho
Maryland
New Zealand
Missouri
Fremont/Lincoln/WestSide PS, NE
Lithuania ™*
Delaware Science Coalition, DE
Italy
Cyprus
Jersey City Public Schools, NJ
Romania
Moldova
Thailand
Israel 2
Chicago Public Schools, IL
Tunisia
Macedonia, Rep. of
Rochester City Sch. Dist., NY
Turkey
Jordan
Iran, Islamic Rep.
Miami-Dade County PS, FL
Indonesia
Chile
Philippines
Morocco
South Africa
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A Participant average significantly higher than
international average

No statistically significant difference between
participant average and international average

V¥ Participant average significantly lower than
international average

Significance tests adjusted for multiple comparisons
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International Average = 487 (0.7)
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Exhibit 1.1 e . _ TIMSS 1999
; Distribution of Mathematics Achievement | S C Benchmarking
(Continued) Boston College
8th Grade Mathematics
Average VR Average Average GER G Average
Scale Score Formfxl Age Scale Score Formfa\l Age
Schooling Schooling
Countries States
United States A 502 (4.0) 8 14.2 Connecticut 512 (9.1) 8 14.0
Australia A 525 (4.8) 8or9 143 Idaho 495 (7.4) 8 14.2
Belgium (Flemish) " A 558 (3.3) 8 14.1 lllinois A 509 (6.7) 8 14.2
Bulgaria A 511 (5.8) 8 14.8 Indiana® A 515 (7.2) 8 14.4
Canada A 531 (2.5) 8 14.0 Maryland 495 (6.2) 8 13.9
Chile v 392 (4.4) 8 14.4 Massachusetts A 513 (5.9) 8 14.1
Chinese Taipei A 585 (4.0) 8 14.2 Michigan A 517 (7.5) 8 14.1
Cyprus v 476 (1.8) 8 13.8 Missouri 490 (5.3) 8 143
Czech Republic A 520 (4.2) 8 14.4 North Carolina 495 (7.0) 8 14.2 )
England * 496 (4.1) 9 14.2 Oregon A 514 (6.0) 8 142 g
Finland A 520 (2.7) 7 13.8 Pennsylvania ~ A 507 (6.3) 8 14.2 é
Hong Kong, SAR" A 582 (4.3) 8 14.2 South Carolina 502 (7.4) 8 14.2 9
Hungary A 532 (3.7) 8 14.4 Texas A 516 (9.1) 8 143 g
Indonesia v 403 (4.9) 8 14.6 E
Iran, Islamic Rep. ¥ 422 (3.4) 8 14.6 Districts and Consortia ?
Israel? ¥ 466 (3.9) 8 14.1 Academy School Dist. #20,CO A 528 (1.8) 8 14.2 @
Italy 479 (3.8) 8 14.0 Chicago Public Schools, IL v 462 (6.1) 8 14.2 g
Japan A 579 (1.7) 8 14.4 Delaware Science Coalition, DE 479 (8.9) 8 14.1 -r%
Jordan v 428 (3.6) 8 14.0 First in the World Consort., IL A 560 (5.8) 8 14.2 g
Korea, Rep. of A 587 (2.0) 8 14.4 Fremont/Lincoln/WestSide PS, NE 488 (8.2) 8 14.2 %
Latvia (LSS)" A 505 (3.4) 8 14.5 Guilford County, NC2 A 514 (7.7) 8 14.2 i
Lithuania ** 482 (4.3) 8.5 15.2 Jersey City Public Schools, NJ 475 (8.6) 8 143 %
Macedonia, Rep.of Vv 447 (4.2) 8 14.6 Miami-Dade County PS,FL. v 421 (9.4) 8 143 %
Malaysia A 519 (4.4) 8 14.4 Michigan Invitational Group, M A 532 (5.8) 8 14.1 ;
Moldova v 469 (3.9) 9 14.4 Montgomery County, MD SN 537 (3.5) 8 14.0 ;i
Morocco v 337 (2.6) 7 14.2 Naperville Sch. Dist. #203,IL A 569 (2.8) 8 14.1 £
Netherlands " A 540 (7.1) 8 14.2 Project SMART Consortium, OH A 521 (7.5) 8 14.2 ;
New Zealand 491 (5.2) 8.5109.5 14.0 Rochester City Sch. Dist., NY ¥ 444 (6.5) 8 14.2 §
Philippines v 345 (6.0) 7 14.1 SW Math/Sci. Collaborative, PA A 517 (7.5) 8 14.2 §
Romania 472 (5.8) 8 14.8
Russian Federation A 526 (5.9) 7or8 14.1
Singapore A 604 (6.3) 8 14.4 /
Slovak Republic A 534 (4.0) 8 14.3 A Participant average significantly higher
S A 530 (2.8) 8 148 than international average
South Africa v 275 (6.8) 8 15.5 o o A
Talnd | v 476D s ottty donifiont dfererc evven
Tunisia v 448 (2.4) 8 14.8
Turkey v 429 (4.3) 8 14.2 ¥ Participant average significantly lower than
international average
" Countried 487 (07) - . ‘ .
anlﬁcance tests adjusted for multiple compansons/
States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). 2 National Defined Population covers less than 90 percent of National Desired Population (see

- . : Exhibit A.3).
T Met guidelines for sample participation rates only after replacement schools were included (see xhibit A.3)

Exhibit A.6). + Lithuania tested the same cohort of students as other countries, but later in 1999, at the beginning

) ) ) . . . f th t school year.
T National Desired Population does not cover all of International Desired Population (see Exhibit A.3). Of the next schoot year

Because coverage falls below 65%, Latvia is annotated LSS for Latvian-Speaking Schools only. (

Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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Multiple Comparisons of Average Mathematics Achievement

8th Grade Mathematics

TIMSS 1999

| S C Benchmarking

Boston College

Instructions: Read across the row for a participant to compare performance with the participants listed along the top of the
chart. The symbols indicate whether the average achievement of the participant in the row is significantly lower
than that of the comparison participant, significantly higher than that of the comparison participant, or if there
is no statistically significant difference between the average achievement of the two participants.

Singapore

Korea, Rep. of

Chinese Taipei

Hong Kong, SAR

Japan

Naperville Sch. Dist. #203, IL
First in the World Consort., IL
Belgium (Flemish)

Netherlands

Montgomery County, MD
Slovak Republic

Michigan Invitational Group, MI
Hungary

Canada

Slovenia

Academy School Dist. #20, CO
Russian Federation

Australia

Project SMART Consortium, OH
Finland

Czech Republic

Malaysia

SW Math/Sci. Collaborative, PA
Michigan

Texas

Indiana

Oregon

Guilford County, NC
Massachusetts

Connecticut

Bulgaria

Illinois

Pennsylvania

Latvia (LSS)

United States

South Carolina

England

North Carolina

Idaho

Maryland

New Zealand

Missouri
Fremont/Lincoln/WestSide PS, NE
Lithuania

Delaware Science Coalition, DE
Italy

Cyprus

Jersey City Public Schools, NJ
Romania

Moldova

Thailand

Israel

Chicago Public Schools, IL
Tunisia

Macedonia, Rep. of

Rochester City Sch. Dist., NY
Turkey

Jordan

Iran, Islamic Rep.

Miami-Dade County PS, FL
Indonesia

Chile

Philippines

Morocco

South Africa
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Slovak Republic

Michigan Invitational Group, MI

Hungary
Canada

Slovenia

Academy School Dist. #20, CO
Russian Federation

Australia

Project SMART Consortium, OH

Finland

Czech Republic

Malaysia

SW Math/Sci. Collaborative, PA

Michigan
Texas

Indiana

Oregon

Guilford County, NC
Massachusetts
Connecticut

Bulgaria

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



Exhibit 1.2 . . . .
X Multiple Comparisons of Average Mathematics Achievement
(Continued)
8th Grade Mathematics
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Singapore

Korea, Rep. of

Chinese Taipei

Hong Kong, SAR

Japan

Naperville Sch. Dist. #203, IL
First in the World Consort., IL
Belgium (Flemish)

Netherlands

Montgomery County, MD
Slovak Republic

Michigan Invitational Group, M1
Hungary

Canada

Slovenia

Academy School Dist. #20, CO
Russian Federation

Australia

Project SMART Consortium, OH
Finland

Czech Republic

Malaysia

SW Math/Sci. Collaborative, PA
Michigan

Texas

Indiana

Oregon

Guilford County, NC
Massachusetts

Connecticut

Bulgaria

lllinois

Pennsylvania

Latvia (LSS)

United States

South Carolina

England

North Carolina

Idaho

Maryland

New Zealand

Missouri
Fremont/Lincoln/WestSide PS, NE
Lithuania

Delaware Science Coalition, DE
Italy

Cyprus

Jersey City Public Schools, NJ
Romania

Moldova

Thailand

Israel

Chicago Public Schools, IL
Tunisia

Macedonia, Rep. of

Rochester City Sch. Dist., NY
Turkey

Jordan

Iran, Islamic Rep.

Miami-Dade County PS, FL
Indonesia

Chile

Philippines

Morocco

South Africa

Student Achievement in Mathematics

Average
achievement
significantly higher
than comparison
participant

e No statisticafl_le/
significant difference
from comparison
participant

Average
achievement
significantly lower
than comparison
participant

Significance tests adjusted

\ for multiple comparisons /

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

TIMSS 1999

| SC Benchmarking
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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 benchmarks’ or reference points, and conducted an ambitious
scale anchoring exercise to describe students’ performance at these
benchmarks. Exhibit 1.9 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 goth percentile on the TiMss
mathematics scale, taking into account the performance of all students in
all countries participating in 199g. It corresponds to a scale score of 616
and is the point above which the top 10 percent of students in the TimMss
1999 assessment scored. Students performing at this level demonstrated
that they could organize information, make generalizations, and explain
solution strategies in non-routine problem-solving situations.

The Upper Quarter Benchmark is the 75th percentile on the mathe-
matics scale. This point, corresponding to a scale score of 555, is the
point above which the top 25 percent of students scored. Students
scoring at this benchmark demonstrated that they could apply their
mathematical understanding and knowledge in a wide variety of rela-
tively complex situations involving fractions, decimals, geometric
properties, and algebraic expressions.

The Median Benchmark, with a score of 479, corresponds to the joth
percentile, or median. This is the point above which the top half of
students scored on the TIMSS 19gQ assessment. Students performing at
this level showed that they could apply basic mathematical knowledge in
straightforward situations, such as one-step word problems involving addi-
tion and subtraction or computational problems based on basic
properties of geometric figures and simple algebraic relationships.

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.
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The Lower Quarter Benchmark is the 25th percentile and corresponds
to a scale score of 3g6. This score point is reached by the top 75
percent of students and may be used as a benchmark of performance
for lower-achieving students. Students scoring at this level typically
demonstrated computational facility with whole numbers.

Exhibit 1.4 displays the percentage of students in each participating
entity that reached each international benchmark, in decreasing order
by the percentage reaching the Top 10% Benchmark. If student
achievement in mathematics were distributed alike in every entity, then
each entity would be expected to have about 10 percent of its students
reaching the Top 10% Benchmark, 25 percent the Upper Quarter
Benchmark, 5o percent the Median Benchmark, and 75 percent the
Lower Quarter Benchmark. Although countries such as New Zealand,
and Benchmarking participants such as Maryland, North Carolina, and
the Delaware Science Coalition, came fairly close, no entity followed
this pattern exactly. Instead, the high-performing entities generally had
greater percentages of students reaching each benchmark, and the low-
performing entities had lesser percentages.

Among the high performers, for example, Singapore, Chinese Taipei,
Korea, Hong Kong, and Japan had one-third or more of their students
reaching the Top 10% Benchmark, about two-thirds reaching the
Upper Quarter Benchmark, around go percent reaching the Median
Benchmark, and almost all (g5 to gg percent) reaching the Lower
Quarter Benchmark. In comparison, the Naperville School District
and the First in the World Consortium had 24 and 22 percent of their
students, respectively, reaching the Top 10% Benchmark and 59 and
56 percent, respectively, reaching the Upper Quarter Benchmark,
somewhat less than in the high-performing Asian countries. More like
the top-performing Asian countries, these two high-performing
districts had close to go percent of their students reaching the
Median Benchmark (g1 and 87 percent, respectively) and nearly all
of their students reaching the Lower Quarter Benchmark (g9 and 98
percent, respectively).

In contrast, the three lowest-performing Benchmarking participants,
all urban districts, had two percent of their students reaching the
Top 10% Benchmark, g to 12 percent reaching the Upper Quarter
Benchmark, and from 29 to 41 percent reaching the Median
Benchmark. The lowest-performing countries of South Africa, the
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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 g1 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 g4 to g6 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 g5 to g6 percent reaching the
Lower Quarter Benchmark.



TIMSS 1999
TIMSS 1999 International Benchmarks of Mathematics Achievement Benchmarking
Boston College

8th Grade Mathematics

® Top 10% Benchmark

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.

90th Percentile: 616

® Upper Quarter Benchmark

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.

75th Percentile: 555

® Median Benchmark

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.

50th Percentile: 479

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

® Lower Quarter Benchmark

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.

25th Percentile: 396

countries participating in 1999.

)

The international benchmarks are based on the combined data from the ]
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Benchmarking

Percentages of Students Reaching TIMSS 1999 International Benchmarks of | S

Mathematics Achievement
8th Grade Mathematics

Boston College

Percentages of Students Reaching
International Benchmarks

Singapore L ]
Chinese Taipei o o
Korea, Rep. of L] o
Hong Kong, SAR { 1%
Japan ® o

Naperville Sch. Dist. #203, IL
Belgium (Flemish)
First in the World Consort., IL
Montgomery County, MD 2
Hungary
Slovenia
Russian Federation
Netherlands "
Slovak Republic
Texas
Michigan Invitational Group, MI
Canada
Academy School Dist. #20, CO
Australia
Malaysia
Project SMART Consortium, OH
Czech Republic
SW Math/Sci. Collaborative, PA
Connecticut
Bulgaria
Michigan
Guilford County, NC 2
Oregon
Massachusetts
South Carolina
Illinois
Indiana
Pennsylvania
United States
Maryland
New Zealand
Latvia (LSS) *
North Carolina
England *
Finland
Fremont/Lincoln/WestSide PS, NE
Jersey City Public Schools, NJ
Idaho
Delaware Science Coalition, DE
Italy
Romania
Israel 2
Missouri
Lithuania
Moldova
Thailand
Cyprus
Macedonia, Rep. of
Jordan
Chicago Public Schools, IL
Rochester City Sch. Dist., NY
Miami-Dade County PS, FL

t

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

1%

Top 10% Benchmark (90th Percentile) = 616
Upper Quarter Benchmark (75th Percentile) = 555
Median Benchmark (50th Percentile) = 479

Lower Quarter Benchmark (25th Percentile) = 396
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Exhibit 1.4 . ) i . TIMSS 1999
, Percentages of Students Reaching TIMSS 1999 International Benchmarks of Mathematics Achievement | S C Benchmarking
(Continued)
Boston College
8th Grade Mathematics
. To Upper . Lower
;r(())‘f/: (;Ju‘;F:;r Mediay (;-S;Vrteér 10‘5/: Qur;':'ter et Quarter
Countries States
United States 9 (1.0) 28 (1.6) 1(1.9) 88 (1.0) Connecticut 11 (2.5) 31 (3.9) 7 (4.4) 91 (1.9)
Australia 12 (1.8) 37 (2.7) 73 (2 4) 94 (0.8) Idaho 5(1.1) 24 (2.9) 61 (3.5) 88 (2.2)
Belgium (Flemish) * 3 (1.5) 54 (1.7) 5(1.2) 98 (0.6) lllinois 10 (1.6) 29 (2.9) 5 (3.3) 92 (1.5)
Bulgaria 11 (2.3) 30 (3.0) 6 (2.6) 91 (1.3) Indiana " 9 (1.9) 30 (3.9) 9 (3.6) 94 (1.2)
Canada 12 (1.1) 38 (1.5) 7 (1.3) 96 (0.6) Maryland 8 (1.4) 27 (2.5) 7 (3.2) 87 (2.0)
Chile 1 (0.5) 3 (1.1) 15 (1.8) 48 (2.0) Massachusetts 10 (1.6) 31 (2.6) 68 (3.0) 92 (1.6)
Chinese Taipei 1(1.7) 66 (1.5) 5 (1.0) 95 (0.6) Michigan 10 (2.0) 33 (3.7) 0 (3.3) 92 (1.7)
Cyprus 3 ( 4) 17 (0.8) 51 (1 1) 84 (0.8) Missouri 4 (0.9) 20 (2.4) 58 (2.9) 89 (1.5)
Czech Republic 1 (1.4) 33 (2.1) 9 (2.3) 94 (1.1) North Carolina 7 (1.6) 25 (3.1) 7 (3.3) 88 (2.0) )
England ' 7 (0.9) 24 (1.9) 8 (2.1) 89 (1.3) Oregon 10 (1.8) 32 (2.8) 69 (2.8) 91 (1.4) §
Finland 6 (0.9) 31 (1.7) 75 (1.5) 96 (0.5) Pennsylvania 9 (1.3) 28 (2.6) 65 (3.0) 91 (1.8) é
Hong Kong, SAR * 33 (2.3) 68 (2.4) 92 (1.5) 99 (0.6) South Carolina 10 (2.0) 30 (3.2) 60 (3.5) 88 (1.8) 9
Hungary 16 (1.2) 41 (1.9) 4 (1.6) 94 (1.0) Texas 13 (2.2) 37 (3.8) 66 (4.3) 90 (2.1) g
Indonesia 2 (0.4) 7 (0.9) 22 (1.4) 52 (2.2) E
Iran, Islamic Rep. 1(0.2) 5 (0.8) 5(1.7) 63 (1.5) Districts and Consortia 3
Israel 2 5 (0.6) 18 (1.3) 7 (1.8) 77 (1.9) Academy School Dist. #20, CO 12 (0.8) 38 (1.5) 75 (1.5) 95 (0.7) E
Italy 5 (0.7) 20 (1.4) 52 (2.1) 83 (1.4) Chicago Public Schools, IL 2 (0.9) 12 (1.7) 41 (4.3) 81 (2.5) §
Japan 33 (1.1) 64 (0.9) 89 (0.5) 98 (0.3) Delaware Science Coalition, DE 5(1.8) 22 (4.1) 51 (4.5) 83 (2.4) 'r%
Jordan 3 (0.5) 11 (0.9) 2 (1.5) 62 (1.4) First in the World Consort., IL 22 (3.2) 56 (3.3) 87 (2.1) 98 (0.6) g
Korea, Rep. of 37 (1.0) 68 (0.9) 91 (0 5) 99 (0.2) Fremont/Lincoln/WestSide PS, NE 6 (2.3) 23 (4.1) 58 (4.0) 84 (2.7) %
Latvia (LSS) " 7 (0.9) 26 (1.8) 3 (2.0) 92 (1.0) Guilford County, NC 2 10 (2.2) 33 (3.5) 66 (4.1) 91 (1.6) r:g
Lithuania ™ 4 (0.7) 17 (2.0) 52 (2.4) 86 (1.8) Jersey City Public Schools, NJ 6 (1.9) 17 (3.4) 48 (3.9) 82 (2.9) E
Macedonia, Rep. of 3 (0.4) 12 (1.0) 38 (1.9) 72 (1.8) Miami-Dade County PS, FL 2 (0.9) 9 (2.4) 29 (3.6) 61 (3.5) %
Malaysia 12 (1.4) 34 (2.4) 69 (2.2) 94 (0.8) Michigan Invitational Group, MI 12 (2.4) 39 (3.4) 77 (3.0) 96 (1.3) ;
Moldova 4 (0.7) 16 (1.5) 5 (2.2) 81 (1.7) Montgomery County, MD 2 17 (2.2) 45 (1.8) 77 (1.4) 95 (1.1) -T;
Morocco 0 (0.0) 0 (0.2) 5 (0 4) 27 (1.1) Naperville Sch. Dist. #203, IL 24 (1.7) 59 (2.2) 91 (1.1) 99 (0.4) £
Netherlands * 14 (2.3) 45 (4.1) 1 (3.5) 96 (1.3) Project SMART Consortium, OH 11 (2.9) 34 (4.7) 70 (3.1) 95 (1.0) ;
New Zealand 8 (1.2) 25 (2.4) 56 (2.5) 85 (1.5) Rochester City Sch. Dist., NY 2 (0.9) 9 (2.5) 32 (3.2) 73 (2.9) §
Philippines 0 (0.1) 1 (0.5) 8 (1.4) 31 (2.5) SW Math/Sci. Collaborative, PA 11 (2.7) 32 (3.9) 68 (3.1) 93 (1.6) §
Romania 5(1.1) 19 (1.9) 49 (2.6) 80 (2.1)
Russian Federation 15 (1.8) 37 (2.8) 2 (2.7) 94 (1.2)
Singapore 46 (3.5) 75 (2.7) 93 (1.3) 99 (0.3) Top 10% Benchmark (90th Percentile) = 616
Slovak Republic 14.(14) 40 23) 8 (18) 9 (0.6) Upper Quarter Benchmark (75th Percentile) = 555
Slovenia 15 (1.2) 39 (1.4) 74 (1.4) 95 (0.7)
South Africa 002 1(0.4) 5 (1.0) 14 2.0) Median Benchmark (50th Percentile) = 479
Thailand 4 (0.8) 16 (1.8) 44 (2.6) 81 (1.6) Lower Quarter Benchmark (25th Percentile) = 396
Tunisia 0 (0.1) 4 (0.5) 2 (1.6) 80 (1.3)
Turkey 1(0.3) 7 (1.0) 27 (1.9) 65 (2.0)
States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). 2 lglaht_ig_nax [;)efined Population covers less than 90 percent of National Desired Population (see
xhibit A.3).

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6). * |jthuania tested the same cohort of students as other countries, but later in 1999, at the beginning

1 National Desired Population does not cover all of International Desired Population (see Exhibit A.3). of the next school year.

Because coverage falls below 65%, Latvia is annotated LSS for Latvian-Speaking Schools only. () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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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
students progress to middle and secondary schools.® Thus, Exhibit 1.6
provides information on gender differences in mathematics achieve-
ment among students with high performance compared with those in
the middle of the achievement distribution. For each entity, score levels
were computed for the highest-scoring 25 percent of students, called
the upper quarter level, and for the highest-scoring 50 percent,
called the median level. The percentages of girls and boys in each
entity reaching each of the two levels were computed. For equitable
performance, 25 percent each of girls and boys should have reached
the upper quarter level, and 50 percent the median level.

On average across countries, 24 percent of girls compared with 27
percent of boys reached the upper quarter level, and 49 percent of
girls compared with 51 percent of boys reached the median level.
These gender differences, although small, were statistically significant.
In all but four countries, however, the percentages reaching the upper
quarter and median levels were not significantly different, indicating

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

48 Chapter (1]



that gender equity exists in most countries at these levels. Even though
the four countries with significant differences did include the United
States (as well as Israel, the Philippines, and Tunisia), this was not
reflected in the results for the Benchmarking jurisdictions. Michigan
was the only Benchmarking jurisdiction to show a significant gender
difference favoring males among high-performing students.

Student Achievement in Mathematics
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TIMSS 1999

Gender Differences in Average Mathematics Achievement Benchmarking

Boston College

8th Grade Mathematics

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

Gender difference statistically significant

Gender difference not statistically significant

Significance tests adjusted for multiple comparisons
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Exhibit 1.5 : : . _ TIMSS 1999
, Gender Differences in Average Mathematics Achievement | S C Benchmarking
(Continued)
Boston College
8th Grade Mathematics
Girls’ Boys’ Difference Girls’ Boys’ Difference
Average Average (Absolute Average Average (Absolute
Scale Score  Scale Score Value) Scale Score  Scale Score Value)
Countries States
United States 498 (3.9) 505 (4.8) 7 (3.4) Connecticut 506 (8.9) 520 (9.8) 14 (5.3)
Australia 524 (5.7) 526 (5.7) 2 (6.0 Idaho 495 (7.1) 495 (8.2) 1(43)
Belgium (Flemish) " 560 (7.2) 556 (8.3) 4(14.2) Illinois 505 (8.0) 514 (6.1) 9 (4.5)
Bulgaria 510 (5.9) 511 (6.9) 0 (5.5) Indiana * 510 (6.8) 519 (8.0) 10 (3.9
Canada 529 (2.5) 533 (3.2) 3 (2.9) Maryland 490 (6.4) 499 (6.8) 9 (4.2)
Chile 388 (4.3) 397 (5.8) 9 (5.5) Massachusetts 510 (6.4) 517 (6.0) 6 (3.5)
Chinese Taipei 583 (3.9) 587 (5.3) 4 (4.6) Michigan 512 (7.2) 522 (8.1) 10 (3.9)
Cyprus 479 (2.1) 474 (2.7) 4 (33) Missouri 488 (5.9) 491 (5.6) 3 (4.5
Czech Republic 512 (4.0) 528 (5.8) A 17 (5.0 North Carolina 494 (7.9) 497 (6.9) 3 (4.9 o
England 487 (5.4) 505 (5.0) 9 (6.5) Oregon 514 (6.6) 514 (6.9) 0 (6.0) %
Finland 519 (3.0) 522 (3.5) 3 (3.6) Pennsylvania 503 (6.2) 512 (7.2) 10 (4.2) §
Hong Kong, SAR * 583 (4.7) 581 (5.9) 2 (6.5) South Carolina 501 (8.0) 502 (7.6) 1 (5.0) ~
Hungary 529 (4.0) 535 (4.3) 6 (3.7) Texas 513 (8.2) 519 (10.7) 6 (5.7) é
Indonesia 401 (5.4) 405 (5.0) 5 (3.3) e
Iran, Islamic Rep. 408 (4.2) 432 (4.8) 24 (6.5) Districts and Consortia §
Israel > 459 (4.2) 474 (4.8) 6 (4.6) Academy School Dist. #20, CO 526 (2.9) 531 (3.4) 6 (5.2) g
Italy 475 (4.5) 484 (4.3) 9 (4.2) Chicago Public Schools, IL 460 (6.3) 465 (6.7) 5 (4.5) ;
Japan 575 (2.4) 582 (2.3) 8 (3.3) Delaware Science Coalition, DE 475 (8.9) 485 (11.1) 10 (9.2) -r%
Jordan 431 (4.7) 425 (5.9) 7 (8.1) First in the World Consort., IL 556 (6.7) 564 (6.8) 8 (7.1) %
Korea, Rep. of 585 (3.1) 590 (2.2) 5(3.7) Fremont/Lincoln/WestSide PS, NE 485 (8.3) 491 (10.2) 6 (8.7) é
Latvia (LSS) 502 (3.8) 508 (4.4) 5 (4.5 Guilford County, NC 2 507 (8.3) 521 (8.2) 14 (5.8) g
Lithuania ™ 480 (4.7) 483 (4.8) 3 (4.0) Jersey City Public Schools, NJ 472 (8.8) 478 (9.2) 5 (4.6) =
Macedonia, Rep. of 446 (5.3) 447 (4.3) 0 (4.5) Miami-Dade County PS, FL 419 (9.3) 423 (12.1) 4 (10.3) %
Malaysia 521 (4.7) 517 (6.0) 5 (6.1) Michigan Invitational Group, Ml 535 (5.4) 529 (7.4) 6 (5.8) g
Moldova 468 (4.1) 471 (4.7) 3 (4.1) Montgomery County, MD 2 534 (5.5) 540 (4.4) 6 (7.0) °
Morocco 326 (5.3) 344 (4.1) 7 (1.7) Naperville Sch. Dist. #203, IL 566 (3.3) 573 (3.3) 7 (33) E
Netherlands * 538 (7.6) 542 (7.0) 5 (3.0 Project SMART Consortium, OH 518 (7.8) 523 (8.1) 4 (5.0 i
New Zealand 495 (5.5) 487 (7.6) 7 (8.3) Rochester City Sch. Dist., NY 439 (7.8) 450 (6.6) 1 (6.2) %
Philippines 352 (6.9) 337 (6.5) 5 (6.1) SW Math/Sci. Collaborative, PA 509 (7.5) 525 (8.5) 16 (5.3) 3
Romania 475 (6.3) 470 (6.2) 5 (4.7)
Russian Federation 526 (6.0) 526 (6.4) 1(3.3)
Singapore 603 (6.1) 606 (7.5) 2 (5.7)
Slovak Republic 532 (4.2) 536 (4.5) 5 (3.6)
Slovenia 529 (3.0) 531 (3.6) 1 (3.6)
South Africa 267 (1.5) 283 (7.3) 6 (5.9
Thailand 469 (5.7) 465 (5.5) 4 (4.9
Tunisia 436 (2.4) 460 2.9) 4 25 (2.2)
Turkey 428 (4.7) 429 (4.4) 2 (2.9
'“"e(’li‘l‘l“c";';f"tﬁ‘ég) 485 (0.8) 489 (09) a 4(11)
A Significantly higher than other gender
Significance tests adjusted for multiple comparisons
States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). 2 National Defined Population covers less than 90 percent of National Desired Population (see
T Met guidelines for sample participation rates only after replacement schools were included (see Bxhibit A.3)
Exhibit A.6). * Lithuania tested the same cohort of students as other countries, but later in 1999, at the beginning
1" National Desired Population does not cover all of International Desired Population (see Exhibit A.3). of the next school year.
Because coverage falls below 65%, Latvia is annotated LSS for Latvian-Speaking Schools only. () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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Percentages of Girls and Boys Reaching Each Participant’s Own Upper Quarter

and Median Levels of Mathematics Achievement

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

T Met guidelines for sample participation rates only after replacement schools were included (see

Exhibit A.6).

T National Desired Population does not cover all of International Desired Population (see Exhibit A.3).
Because coverage falls below 65%, Latvia is annotated LSS for Latvian-Speaking Schools only.
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Countries

United States
Australia
Belgium (Flemish)
Bulgaria

Canada

Chile

Chinese Taipei
Cyprus

Czech Republic
England

Finland

Hong Kong, SAR
Hungary
Indonesia

Iran, Islamic Rep.
Israel
Italy

Japan

Jordan

Korea, Rep. of
Latvia (LSS)
Lithuania
Macedonia, Rep. of
Malaysia
Moldova
Morocco
Netherlands
New Zealand
Philippines
Romania

Russian Federation
Singapore

Slovak Republic
Slovenia

South Africa
Thailand

Tunisia
Turkey

International Avg.
(All Countries)

=

=

8th Grade Mathematics

TIMSS 1999

| S C Benchmarking

Boston College

Upper Quarter Median
Percent of Percent of Percent of Percent of
Girls Boys Girls Boys
23 (1.3) 7 (19 a 49 (2.0) 51 (2.3)
24 (2.9) 26 (2.6) 49 (3.2) 51 (3.0)
25 (2.5) 25 (2.5) 50 (3.1) 50 (3.5)
24 (3.1) 6 (3.5 51 (3.0) 49 (3.2)
24 (1.2) 26 (1.4) 49 (1.3) 51 (1.9)
23 (1.9) 7 (2.6) 48 (2.2) 52 (2.4)
22 (1.5) 8 (1.9) 49 (1.9 51 (2.1)
24 (1.4) 6 (1.4) 50 (1.4) 50 (1.5)
22 (1.6) 28 (2.5) 46 (2.4) 54 (2.9)
20 (2.7) 30 (2.4) 46 (3.0) 54 (2.7)
23 (1.8) 27 (2.2) 49 (1.9 51 (2.2)
24 (2.5 26 (2.4) 50 (2.9) 50 (3.1)
24 (1.9) 26 (1.8) 18 (2.2) 52 (2.1)
25 (1.6) 25 (1.7) 49 (2.1) 52 (2.1)
19 (2.0) 9 (2.2) 43 (2.5 55 (2.5)
21 (1.5) 29 (1.7) & 47 (2.0 53 (2.2)
23 (1.8) 8 (1.7) 47 (2.2) 53 (2.2)
23 (1.3) 7 (1.1) 47 (1.5) 53 (1.3)
24 (1.7) 6 (2.1) 51 (2.0) 49 (2.2)
24 (1.1) 6 (1.0) 48 (1.5 52 (1.3) )
24 (1.9 27 (2.1) 49 (22) 52 (2.2) §
24 (25) 2% (23) 50 (2.5) 50 (2.5) 2
26 (18) 4 (16) 51 (2.4) 49 (2.0) =
2% (2.3) 2 (29 52 (26) 18 (3.4) 2
24 (1.6) 7 (2.1) 50 (2.1) 51 (2.2) ':;
1 (1.7) 28 (1.5) 45 (2.2) 54 (1.7) E
24 (3.6) 26 (3.2) 48 (4.2) 52 (4.4) g
26 (2.6) 4 (35) 52 (3.0) 48 (3.5) 2
27 (2.7) 23 (2.5) 53 (2.7) 46 (2.5) %
25 (2.3) 25 (2.4) 51 (2.8) 49 (2.8) £
24 (2.4) 26 (2.5) 49 (2.9 51 (3.2) %
23 (3.1) 26 (3.4) 49 (3.6) 51 (4.2) _§
23 (2.0 27 (2.2) 48 (2.6) 52 (2.7) =
24 (1.6) 6 (1.5) 49 (1.7) 51 (2.0) '%
3 Q7) 27 (23) 47 25) 53 (2.1) 5
2 (26) 4 24) 50 (29) 50 (2.7) =
19 (1.4) 1(16) 4 2 (1.7 59 (16) 4 f
25 (1.8) 25 (1.9) 50 (2.2) 50 (1.8) i
v]
23 (0.4) 27 (04) a 49 (0.4) 51 (04 a %
A Significantly greater percentage than other gender
Significance tests adjusted for multiple comparisons
2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).
Lithuania tested the same cohort of students as other countries, but later in 1999, at the beginning
of the next school year.
() Standard errors appear in parentheses. Because results are rounded to the nearest whole number,

some totals may appear inconsistent.



Exhibit 1.6 | Percentages of Girls and Boys Reaching Each Participant’s Own Upper Quarter and Median Levels of
(Continued) | Mathematics Achievement
8th Grade Mathematics
Upper Quarter Median
Percent of Percent of Percent of Percent of
Girls Boys Girls Boys
States
Connecticut 21 (3.1) 29 (3.9) 47 (4.7) 53 (4.4)
Idaho 24 (3.0) 26 (3.0) 49 (35) 51 (4.1)
lllinois 23 (3.1) 27 (2.9) 48 (3.7) 52 (3.1)
Indiana " 22 (36) 28 (37) 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 (33) 29 36) a 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) é
South Carolina 24 (3.2) 27 3.2) 49 (3.8) 51 (3.3) 2
Texas 22 (3.1) 28 (3.7) 48 (4.4) 52 (4.7) "g
E
Districts and Consortia ?
Academy School Dist. #20, CO 22 (1.6) 28 (1.9) 48 (2.3) 52 (2.1) g
Chicago Public Schools, 23 (2.9 27 (3.6) 50 (4.3) 51 (3.5) §
Delaware Science Coalition, DE 22 (43) 29 (5.2) 47 (4.9) 53 (5.1) 'r%
First in the World Consort., IL 22 (3.8) 28 (3.7) 49 (3.6) 51 (3.9) g
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) E
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) -é
Naperville Sch. Dist. #203, IL 23 (1.9) 27 (2.1) 49 (2.6) 51 (2.7) E
Project SMART Consortium, OH 24 (4.5) 26 (4.4) 49 (4.8) 51 (5.0) e«
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) §

A Significantly greater percentage than other gender

Significance tests adjusted for multiple comparisons
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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.






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 TImMSs
1999 study. (The benchmarks were set at the goth, 75th, 5oth, 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 TiIMSS 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.!

For each of the example test questions, the percentages of correct
responses are provided for selected countries as well as for the jurisdic-
tions participating in the TIMSS 1999 Benchmarking project. The
countries and Benchmarking jurisdictions are presented in descending
order, with those performing highest shown first. The countries
included for purposes of comparison are the United States as well as a
dozen European and Asian countries of interest. These include several
high-performing European countries (Belgium (Flemish), the Czech
Republic, the Netherlands, and the Russian Federation), countries that
are major economic trading partners of the United States (Canada,
England, and Italy), and the top-scoring Asian countries of Chinese
Taipei, Hong Kong, Japan, Korea, and Singapore.

Presented previously in Chapter 1, Exhibit 1.4 shows the percentages of
students in each participating entity reaching each international bench-
mark — Top 10%, Upper Quarter, Median, and Lower Quarter. If an
entity had high average achievement in mathematics and a large
percentage of its students at or above the upper benchmarks, this indi-
cates that the students are concentrated among the highest-achieving

T For a detailed description of the items and benchmarks for TIMSS 1995 at fourth and eighth grades and how they compare to the
National Council of Teachers of Mathematics (NCTM) Principles and Standards for School Mathematics, see Kelly, D.L., Mullis,
1.VS., and Martin, M.O., 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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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 (9g 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
that three primary factors appeared to differentiate performance at the
four levels:

® The mathematical operation required
* The complexity of the numbers or number system
® The nature of the problem situation.

For example, there is evidence that students performing at the lower end
of the scale could add, subtract, and multiply whole numbers. In contrast,
students performing at the higher end of the scale solved non-routine
problems involving relationships among fractions, decimals, and percents;
various geometric properties; and algebraic rules.

How Were the Benchmark Descriptions Developed?

To develop descriptions of achievement at the TIMSS 1999 international
benchmarks, the International Study Center used the scale anchoring
method. Scale anchoring is a way of describing students’ performance at
different points on the TIMSS 1999 achievement scale in terms of the
types of items they answered correctly. It involves an empirical component
in which items that discriminate between successive points on the scale
are identified, and a judgmental component in which subject-matter
experts examine the content of the items and generalize to students’
knowledge and understandings.

For the scale anchoring analysis, the results of students from all the TImSss
1999 countries were pooled, so that the benchmark descriptions refer to
all students achieving at that level. (That is, it does not matter which
country the students are from, only how they performed on the test.)
Certain criteria were applied to the TIMSS 1999 achievement scale results



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.? 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 T1MSs countries to develop the benchmark descriptions.? 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 19qg 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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Finally, it must be emphasized that the descriptions of the international
benchmarks are one possible way of beginning to examine student
performance. Some students scoring below a benchmark may indeed
know or understand some of the concepts that characterize a higher level.
Thus, it is important to consider performance on the individual items and
clusters of items in developing a profile of student achievement in each
participating entity.

Several example items are included for each benchmark to complement
the descriptions by giving a more concrete notion of the abilities students
demonstrated. Each example item is accompanied by the percentage of
correct responses for each TiMss 1999 Benchmarking participant.
Percentages are also provided for selected countries, as is the interna-
tional average for all 48 countries that participated in TIMSS 199g. In
general, the several entities scoring highest on the overall test also scored
highest on many of the example items. Not surprisingly, this was true for
items assessing a range of performance expectations — recall, ability to
carry out routine procedures, and ability to solve routine and non-routine
problems. The TiMss 1999 results support the premise that successful
problem solving is grounded in mastery of more fundamental knowledge
and skills.

Item Examples and Student Performance

The remainder of this chapter describes each benchmark and presents
three to five example items illustrating what students know and can do at
that level. The correct answer is circled for multiple-choice items. For
open-ended items, the answers shown exemplify the types of student
responses that were given full credit. The example items are ones that
students reaching each benchmark were likely to answer correctly, and
they represent the types of items used to develop the description of
achievement at that benchmark.*

4 Some of the items used to develop the benchmark descriptions are being kept secure to measure achievement trends in future TIMSS
assessments and are not available for publication.



Achievement at the Top 10% Benchmark

Exhibit 2.1 describes performance at the Top 10% Benchmark.
Students reaching this benchmark demonstrated the ability to organize
information in problem-solving situations and to apply their under-
standing of mathematical relationships. They typically demonstrated
success on the knowledge and skills represented by this benchmark, as
well as those demonstrated at the three lower benchmarks.

Example Item 1 in Exhibit 2.2 illustrates the type of measurement item
a student performing at the Top 10% Benchmark generally answered
correctly. As can be seen, students had to apply their knowledge of the
area of rectangles and inscribed shapes to solve a two-step problem
about the area of a garden path. The international average for this item
was 42 percent correct, indicating that this was a relatively difficult item
for eighth graders around the world. Nevertheless, more than two-
thirds of the students answered the item correctly in Hong Kong,
Singapore, Japan, Chinese Taipei, and Korea. Among the
Benchmarking participants, eighth graders in the Naperville School
District did as well as their counterparts in the high-performing Asian
countries, with 69 percent answering correctly. Generally, however,
students in the United States — in the country as a whole and in the
Benchmarking entities — performed relatively less well than students
internationally on measurement questions involving relationships
between shapes. No other Benchmarking entity performed significantly
above the international average on this test question, and students in
six Benchmarking entities and in the United States overall performed
significantly below the international average. On average internation-
ally, more than 20 percent of students chose Option A, solving for the
area of the larger rectangle rather than that of the path. Option C was
an equally popular distracter, selected by more than 20 percent of
students internationally.

Unlike students performing at lower benchmarks, students reaching
the Top 10% Benchmark typically could correctly answer multistep
word problems. Example Item 2 in Exhibit 2.3 requires students to
select relevant information from two advertisements to solve a complex
multistep word problem involving decimals. Given the price for each
issue of a magazine and a certain number of free issues, students were
asked to calculate which of the two magazine subscriptions was the less
expensive for 24 issues. Students received full credit if they showed
correct calculations for at least one of the subscriptions, identified the
less expensive magazine, and calculated the difference between the two
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e Top 10% Benchmark
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8th Grade Mathematics

7

.

Summary

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 organize information in problem-solving
situations. They can select and organize information
from two sources to solve a complex word problem
involving decimals and organize information to solve
a multi-step word problem involving whole numbers.

Students can correctly order the four basic operations
in computing with decimals and fractions. Students
use their understanding of fractions and decimals
in multi-step problem situations. They can solve a
problem involving both addition and subtraction of
simple common fractions and a problem involving
multiplication and subtraction of decimals. They can
solve word problems involving fractions and decimals
which require analysis of the verbal relations
described. They can order a set of decimal fractions
of up to three decimal places and can identify the
pair of numbers satisfying given conditions involving
ordering integers, decimals, and fractions. They can
solve a time-distance-rate problem involving decimals
and the conversion of minutes to seconds. They can
work with part-whole ratios and can solve word
problems to find the percent change.

Students can apply their knowledge of measurement
in more complex problem situations. They can solve
problems involving area and perimeter of rectangles
and area of inscribed triangles. They apply knowledge
of properties of squares to solve multi-step word
problems and draw a new rectangle based on a
given rectangle and express the ratio of their areas.
They can relate different units of time and apply
their knowledge of the number of milliliters in a liter
to solve a word problem. They recognize that
precision of measurement is related to the size of
the unit of measurement.

Chapter e

Students can use their knowledge of angles —overlapping
and measures of angles in quadrilaterals — to solve
problems. They can use their knowledge of congruent
and similar triangles to solve problems concerning
corresponding parts. They can identify the coordinates
of a point on a line given the coordinates of two
other points on the line and locate a point on a
number line given its distance from two other points
on the line. They can identify the image of a triangle
under a rotation in a plane.

Students can use proportion to find missing values
in a table. Students can identify an equivalent form
of a linear inequality involving a fraction. Students
can recognize properties of number operations

represented in symbolic form. They can solve a multi-
step word problem in which there are two unknowns.

Given the first several terms in pictorial form, that
grow in either one or two dimensions, students can
make generalizations to find terms in the sequences
(e.g. 51st), and they can explain the process used
to find those terms.

90th Percentile: 616

TIMSS 1999
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



subscriptions. With an international average of 24 percent correct (for
full credit), this item was among the most difficult in TIMSS 199qQ.
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 (g6 percent) and Montgomery County (g5 percent) also
performed significantly above the international average.

Students reaching the Top 10% Benchmark exhibited an under-
standing of the properties of similar triangles, as shown by Example
Item g (see Exhibit 2.4). Given two angle measurements, the length of
a side of a triangle, and the dimensions of a second similar triangle,
students needed to find the length of an unlabeled side of the first
triangle. Internationally, most eighth-grade students had not mastered
the concept of proportionality of corresponding sides or could not
solve the resulting equation; only g7 percent, on average, answered the
question correctly. In comparison, top-performing Korea had 7o
percent correct responses. Among the TIMSS 19gQg countries, only in
Korea, Japan, Singapore, Hong Kong, Chinese Taipei, and Belgium
(Flemish) did at least half the students answer correctly. In the
Benchmarking jurisdictions, correct responses were provided by more
than half the eighth graders in Naperville (56 percent) and the First in
the World Consortium (52 percent).

The eighth-grade students reaching the Top 10% Benchmark typically
were able to apply a generalization to solve a sequence problem like
the one shown in Example Item 4 in Exhibit 2.5. In this algebra
problem, given the initial terms in a sequence and the roth term of
that sequence, students generalized to find the 51st term. Even though
results are presented only for Part C, this problem was presented in
three parts, A, B, and C. To provide some scaffolding, parts A and B
asked students to indicate how many circles would be in the 5th and
7th figures, respectively, if the pattern were extended. On average inter-
nationally, 65 percent of the students answered Part A correctly and 54
percent successfully extended the sequence to the 7th figure in Part B.

To receive full credit for Part C, students had to show or explain how
they arrived at their answer by providing a general expression or an
equation and by calculating the correct number of circles for the f1st
figure. Internationally on average, g0 percent of the students received
full credit for their responses. In comparison, about two-thirds of the
students in Korea, Chinese Taipei, Japan, and Singapore received full
credit. Although eighth graders in six Benchmarking entities — First in
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the World, Naperville, the Michigan Invitational Group, Montgomery
County, the Academy School District, and Oregon — performed
significantly above the international average, their performance was below
that of the top performers, ranging from 54 to 39 percent correct. Most
students added the sequence number to the number of circles in the
preceding figure: 1275 + 51 = 1326. Very few calculated the answer by a
general expression: n(n+1)/2 or 51(52)/2 (although 14 percent of the
Dutch students did so).



Top 10% TIMSS International Benchmark — Example Item 1 | S C E'e“n"c?]?na'r?i?é

An ltem That Students Reaching the Top 10% International Benchmark Are Likely to Answer Correctly*

8th Grade Mathematics
Content Area: Measurement Overall

Boston College

!Degcription: Finds the area petween two rectangles when one is Ef,rfri'c':
inside the other and their sides are parallel.
Hong Kong, SAR © 79 (2.0) 4
A rectangular garden that is next to a building has a path around the other three Singapore 78 26) a
sides, as shown. Japan 74 (1.9) a
Chinese Taipei 73 2.1) a
Naperville Sch. Dist. #203, IL 69 (4.0) A
Building Korea, Rep. of 67 (1.7) A
Netherlands * 57 (4.4) a
Iy 1om I First in the World Consort., IL 56 (5.9)
—_ Canada 51 (3.0)
T Belgium (Flemish) 51 (2.2) &
Montgomery County, MD > 46 (4.6)
12 Garden 8m aly 45 .7)
Oregon 42 (3.9
l Michigan Invitational Group, MI 41 (4.4)
—_ Czech Republic 40 (3.5)
v A\ England ' 40 (3.3)
12m i Illinois 40 (3.4)
Project SMART Consortium, OH 39 (5.2)
Maryland 38 (2.8)
Russian Federation 38 (3.2) )
What is the area of the path? Fremont/Lincoln/WestSide PS, NE 38 (3.6) %
SW Math/Sci. Collaborative, PA 38 (4.1) @
5 Texas 38 (3.8) -
A 144 m Massachusetts 35 (3.0) é
Academy School Dist. #20, CO 35 (4.4) E
64 m? Guilford County, NC> 35 (5.7) ;5
Indiana * 34 (3.1) 3
C.  4m idaho 3428 =
Connecticut 33 (3.9) 2
D. 16 m? Michigan 33 33 - O
United States 33 (16) v &
Delaware Science Coalition, DE 32 (3.1) §
Missouri 31 (3.0) s
Pennsylvania 30 (2.8) %
South Carolina 30 (4.1) E
North Carolina 29 (3.2) 1_;
Rochester City Sch. Dist., NY 27 (4.4) f
Chicago Public Schools, IL 26 (5.9 =
Jersey City Public Schools, NJ 25 (35 v g
Miami-Dade County PS, FL 21 (3.0) Q
wemstortes | 2 s
Participant average significantly higher than &
international average
No statistically significant difference between
participant average and international average
Participant average significantly lower than
international average

K / kSignificance tests adjusted for multiple comparisons/

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

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

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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Top 10% TIMSS International Benchmark — Example Item 2

An Item That Students Reaching the Top 10% International Benchmark Are Likely to Answer Correctly*

Content Area: Data Representation, Analysis and Probability

8th Grade Mathematics

Overall
Description: Selects relevant information from two advertisements to solve a Percent
complex word problem involving decimals. Correct
Chris plans to order 24 issues of a magazine. He reads the following advertisements Singapore 57 1) a
for two magazines. Ceds are the units of currency in Chris’ country. Korea, Rep. of 52 (15 a
Chinese Taipei 50 (1.8) a
Belgium (Flemish) " 4 (1.7) a
Naperville Sch. Dist. #203, IL 41 2.6) A
Teen Life Teen News Japan 39 (15) 4
Magazine Magazine First in the World Consort., IL 36 (29) a
Montgomery County, MD > 35 (2.8) 4
24 issues 24 issues Hong Kong, SAR ' 34 (1.8) &
First four issues FREE First six issues FREE Czech Republic = "34'25) &
The rest The rest FUE N/ 32 (1.8) 4
3 ceds each. 3.5 ceds each. FN 32 (27}
Texas 31 (4.0)
Russian Federation 30 (2.4)
Project SMART Consortium, OH 30 (3.5)
Which magazine is the least expensive for 24 issues? How much less expensive? Indiana " 29 (3.5)
Show your work. Massachusetts 29 (2.7)
2 Michigan Invitational Group, Ml 29 (2.2)
’ﬁ?, en NQ ws = l = Academy School Dist. #20, CO 27 (2.5)
. - X
Teen Life = 20 3. faly 27749
X ?) 0 Jersey City Public Schools, NJ 27 (4.4)
— sho SW Math/Sci. Collaborative, PA 27 (3.2)
L O ceds —_ . 5
6 3 0 Guilford County, NC 26 (2.4)
02"} - (OO C@ds ngg Pennsylvania 26 (2.9)
(} < United States 26 (1.4)
Y = b3 Ce Michigan 26 (2.2)
Illinois 25 (3.1)
R . . Netherlands * 25 (2.7)
xpensive
Téan L"‘FQ 1S ‘e ss ¢ P South Carolina 25 (2.2)
bj % ceds. Idaho 25 (2.8)
’ North Carolina 23 (2.2)
Maryland 23 (2.1)
Oregon 22 (2.5)
Delaware Science Coalition, DE 22 (3.8)
Missouri 21 (1.6)
Fremont/Lincoln/WestSide PS, NE 20 (3.7)
Chicago Public Schools, IL 19 (3.4)
England * 17 19 v
Rochester City Sch. Dist., NY 15 (2.3)
Miami-Dade County PS, FL 1 @23) v
International Avg.
(All Countries) I 24 (03)
Participant average significantly higher than = &
international average
No statistically significant difference between
participant average and international average
Participant average significantly lower than
international average
K The answer shown illustrates the type of student response that was given full credit. / K Significance tests adjusted for multiple comparisonsj
* The item was answered fully correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). Exhibit A.3).

T Met guidelines for sample participation rates only after replacement schools were included (see

L some totals may appear inconsistent.
Exhibit A.6). Y app
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() Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



Top 10% TIMSS International Benchmark — Example Item 3
An Item That Students Reaching the Top 10% International Benchmark Are

TIMSS 1999

Benchmarking
Likely to Answer Correctly* | S C TS —

Content Area: Geometry

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

corresponding side.

The figure represents two similar triangles. The triangles are not drawn to scale.

D

50°

40°

E 15 cm

In the actual triangle ABC, what is the length of side BC?

A 3.5cm
4.5cm
C. 5S5cm
D. 55cm

E. 8cm

F

8th Grade Mathematics

Overall

Percent

Correct
Korea, Rep. of 0 (1.9)
Japan 8 (1.9)
Singapore 64 (2.7)
Hong Kong, SAR 56 (2.2)
Naperville Sch. Dist. #203, IL 6 (3.6)
First in the World Consort., IL 2 (4.7)
Chinese Taipei 2 (2.3)
Belgium (Flemish) " 0 (3.2)
Academy School Dist. #20, CO 6 (4.2)
Guilford County, NC * 45 (5.4)
Netherlands * 4 (3.1)
SW Math/Sci. Collaborative, PA 3 (2.9)
Texas 3 (5.0)
Montgomery County, MD * .~ 42 (3.6)
Russian Federation 41 (2.7)
Connecticut 0 (3.8)
Illinois 0 (2.2)
Idaho 9 (4.2)
Massachusetts 38 (2.8)
North Carolina 8 (3.4)
Indiana * 38 (3.7)
Michigan 7 3.3)
South Carolina 7 (2.6)
Delaware Science Coalition, DE 7 (4.1)
Oregon 36 (3.9)
United States 36 (1.6)
Maryland 5 (2.5)
Michigan Invitational Group, MI 5 (4.0)
Canada 5 (2.2)
England ' 4 (2.7)
Chicago Public Schools, IL 2 (4.5)
Jersey City Public Schools, NJ 32 (3.7)
Miami-Dade County PS, FL 2 (3.2)
Czech Republic 2 (2.5)
Pennsylvania 2 (2.8)
Project SMART Consortium, OH 31 (4.4)
Italy 29 (2.4)
remont/Lincoln/WestSide PS, NE 9 (5.7)
Missouri 7 (3.0)
Rochester City Sch. Dist., NY 6 (4.0)

International Avg.

(All Countries) 37 (04)

Participant average significantly higher than
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

v

K / KSignificance tests adjusted for multiple comparisonsj

* The item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). Exfibit A.3).

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

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

Performance at International Benchmarks

Boston College
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Top 10% TIMSS International Benchmark — Example Item 4

An Item That Students Reaching the Top 10% International Benchmark Are Likely to Answer Correctly*

Content Area: Algebra

Description: Given the initial terms in a sequence and, for example, the 50th

term of that sequence, generalizes to find the next term.

The figures show four sets consisting of circles.

Figure 1 Figure 2 Figure 3 Figure 4

sequence of figures is extended.

Number of
Figure circles
1 1
2 P 3
3 A, 6
+ A7 10
5 A= |5

be needed for Figure 7?

Answer: Q E 5

R\
(S

how you arrived at your .i)r;s’\\v‘eé \ S\ Qi
DL L\)( %)
o hott ho 0‘& SRR :
booy g e, Sopt. IS

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

L el

a) Complete the table below. First, fill in how many circles make up Figure 4.
Then, find the number of circles that would be needed for the 5th figure if the

b) The sequence of figures is extended to the 7th figure. How many circles would

¢) The 50th figure in the sequence contains 1275 circles. Determine the number
of circles in the 51st figure. Without drawing the 51st figure, explain,or show

EN

8th Grade Mathematics

Korea, Rep. of
Chinese Taipei
Japan
Singapore

Hong Kong, SAR '

First in the World Consort., IL
Naperville Sch. Dist. #203, IL
Michigan Invitational Group, M|
Netherlands

Montgomery County, MD
Belgium (Flemish)

Academy School Dist. #20, CO
Canada

Massachusetts

Connecticut

Oregon

Michigan

Project SMART Consortium, OH
Indiana

Guilford County, NC *

Texas

SW Math/Sci. Collaborative, PA
Fremont/Lincoln/WestSide PS, NE
Delaware Science Coalition, DE

England

United States
Pennsylvania

South Carolina

Czech Republic

Jersey City Public Schools, NJ
Idaho

North Carolina

Maryland

Missouri

Illinois

Russian Federation

Italy

Miami-Dade County PS, FL
Chicago Public Schools, IL
Rochester City Sch. Dist., NY

International Avg.
(All Countries)

TIMSS 1999

| ( Benchmarking

Boston College

Overall
Percent
Correct

> > > > > > > > > > > > >

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

4 4 4 4«

Participant average significantly higher than =~ 4o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

<

K Significance tests adjusted for multiple comparisons /

* 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 EXhIDILA3).

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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2 National Defined Population covers less than 90 percent of National Desired Population (see

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



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
into squares that are a multiple of the fraction’s denominator, more
than one step is required to solve the problem. Internationally, about
half the students (49 percent on average) were able to shade in nine of
the 24 squares to represent g/8 of the region. Eighty percent or more
of the students in Singapore, Hong Kong, Belgium (Flemish), Korea,
and Chinese Taipei answered the question correctly. No Benchmarking
entities performed that well, but students in the First in World
Consortium, Naperville, the Michigan Invitational Group, and
Massachusetts performed significantly above the international average.

Example Item 6 is a proportional reasoning word problem that
students at the Upper Quarter Benchmark typically answered correctly
(see Exhibit 2.8). Given the number of magazines sold by each of two
boys and the total amount of money made from the sales, students
were to calculate how much money one of the boys made by selling his
8o magazines. On average, 44 percent of students internationally
answered this question correctly. In Singapore and Chinese Taipei at
least three-quarters of the students answered correctly. No
Benchmarking participant performed significantly above the interna-
tional average, and students in Maryland, the Michigan Invitational
Group, the Chicago Public Schools, the Rochester City School District,
and the Miami-Dade County Public Schools performed significantly
below the international average.

Students reaching the Upper Quarter Benchmark generally were able
to apply knowledge of geometric properties. In Example Item 7 in
Exhibit 2.9, students needed to use their knowledge of the properties
of parallelograms and rectangles to solve for the area of the rectangle
(dimensions not labeled) that was part of a different figure with given
dimensions. Three-quarters or more of the students in Singapore,
Japan, Hong Kong, Korea, and Chinese Taipei answered the item
correctly. Internationally, however, less than half the eighth-grade
students (43 percent on average) did so. The United States performed
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significantly below the international average, as did eight of the
Benchmarking entities: North Carolina, South Carolina, Missouri, the
Delaware Science Coalition, and the public school systems in Jersey City,
Chicago, Miami-Dade, and Rochester.

Example Item 8 shown in Exhibit 2.10 asks students for the number of
triangles of a given dimension needed to cover a rectangle of given
dimensions. The international average on this item was 46 percent
correct. Many students (approximately 29 percent internationally) incor-
rectly chose Option A, which is half the number of required triangles
needed to fill the rectangle but just enough to cover the perimeter.
Japanese students had the highest performance on this item, with 8o
percent answering correctly. About two-thirds or more of the students in
Korea, Hong Kong, Singapore, Belgium (Flemish), and the Netherlands
answered the item correctly. Performance among the Benchmarking
participants ranged from 62 percent correct responses in Naperville to g0
percent in Miami-Dade. The United States as a whole performed at about
the international average, and most of the Benchmarking jurisdictions
performed similarly.

Unlike students at lower benchmarks, those reaching the Upper Quarter
Benchmark typically could solve simple linear equations. As illustrated by
Example Item g in Exhibit 2.11, for example, students successfully solved
for the value of x in a linear equation involving the variable on both sides
of the equation. Eighty percent or more of the students in Japan, Hong
Kong, and Korea answered this item correctly. Even though the United
States did relatively well in algebra (see Chapter g), this problem posed
difficulties for students in the Benchmarking entities. Naperville (72
percent) and First in the World (61 percent) were the only
Benchmarking participants that performed significantly above the inter-
national average of 44 percent correct responses. The United States
performed below average (g4 percent) on this question, as did students
in 11 of the Benchmarking entities.



Description of Upper Quarter TIMSS International Benchmark

of Mathematics Achievement

e Upper Quarter Benchmark

8th Grade Mathematics

r

.

Summary

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
identify the ratio expressing a given whole number
comparison in a word problem and recognize the effect
of adding the same amount to both terms of a ratio.
They can estimate products of whole numbers to solve
problems. They can solve multi-step word problems
involving proportions with whole numbers.

Students demonstrate their understanding of
measurement in several settings. They can compare
volumes by visualizing and counting cubes. They can
calculate the areas of rectangles contained in diagrams
of combined shapes. Given the start time and the
duration of an event expressed as a fraction of an hour,
they can determine the end time. They can estimate the
distance between two points on a map, given the scale,
and can read unlabeled tick marks on a scale.

Students can use basic properties of triangles, properties
of angles on a straight line, and knowledge of symmetry
to find the measures of angles. They can identify the
angle in a diagram that represents the best estimate of
a given measure and recognize that internal angles on

a transversal are supplementary. They can visualize the
center of a rotation for a two-dimensional figure, the
arrangement of faces of a cube when shown its net,
and the number of triangles of given dimensions needed
to cover a given rectangle. They can identify false
statements about congruent triangles and the properties
of rectangles.

Students understand elementary concepts of probability,
including independent events. They can solve simple
problems involving the relationship between successful
and unsuccessful outcomes and probabilities. They also
recognize that when outcomes are expressed as fractions
of a whole, the least likely outcome corresponds to the
smallest fraction. They can extrapolate from a graph
and determine the number of values on the horizontal
axis of a line graph that correspond to a given value on
the vertical axis. On a given graph, students can
interpolate to find a value between gradations on one
axis matching a given value on the other axis.

Students can recognize that multiplication can represent
repeated addition. They can identify the algebraic equation
corresponding to a verbal description. They can select

a simple, multiplicative expression in one variable that

is positive for all negative values of the variable. They
can substitute numbers for variables to evaluate an
expression, and subtract fractions represented
algebraically with the same numeric denominator.

Students can solve a linear equation with or without
parentheses. They can identify the linear equation that
describes the relationship between two variables given
in a table of values and select the formula satisfied by
the given values of the variables. They can identify the
relationship between the first and second terms in a set
of ordered pairs.

Given the first several terms of a sequence in pictorial

form, growing in either one or two dimensions, they
can find specified terms to extend the sequence.

75th Percentile: 555

Performance at International Benchmarks

TIMSS 1999
Benchmarking

Boston College

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.
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Upper Quarter TIMSS International Benchmark — Example Item 5
An Item That Students Reaching the Upper Quarter International Benchmark Are Likely to Answer Correctly*

Content Area: Fractions and Number Sense

Description: Shades squares in a rectangular grid to represent a given fraction.

3
Shade in 3 of the unit squares in the grid.

gﬁ*‘(\:u

7 [
3x2=9

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

8th Grade Mathematics

TIMSS 1999

| ( Benchmarking

Overall
Percent
Correct
Singapore 89 (1.7) a
Hong Kong, SAR " 87 (1.7) a
Belgium (Flemish) * 87 (1.8) a
Korea, Rep. of 81 (1.4) A
Chinese Taipei 80 (1.9) a
Japan 78 (19) a
First in the World Consort., IL 71 (5.6) A
Canada 68 (2.6) A
Naperville Sch. Dist. #203, IL 67 (3.6) 4
Michigan Invitational Group, M1 65 (5.0) A
Netherlands * 61 (4.7)
Fremont/Lincoln/WestSide PS, NE 59 (5.2)
Massachusetts 59 3.1) &
Montgomery County, MD 2 59 (4.7)
Texas 58 (4.6)
Academy School Dist. #20, CO 57 (4.2)
Indiana * 55 (4.9)
Michigan 54 (3.8)
Pennsylvania 53 (4.0)
England " 52 (2.9)
Russian Federation 52 (3.2)
Connecticut 52 (5.6)
Guilford County, NC * 51 (4.8)
Project SMART Consortium, OH 51 (5.6)
Hlinois 50 (4.2)
Oregon 49 (3.2)
SW Math/Sci. Collaborative, PA 49 (3.7)
United States 49 (1.9)
Missouri 47 (4.2)
Idaho 46 (4.1)
Italy 46 (2.6)
North Carolina 44 (4.5)
Delaware Science Coalition, DE 43 (5.4)
South Carolina 43 (3.3)
Czech Republic 42 (3.2)
Maryland 42 (4.1)
Jersey City Public Schools, NJ 38 (4.1)
Chicago Public Schools, IL 37 (3.8)
Rochester City Sch. Dist., NY 32 (5.0) v
Miami-Dade County PS, FL 20 36) Vv
memstoraes | s 04
Participant average significantly higher than o

K Significance tests adjusted for multiple comparisons /

international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

* The item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). BxhiDILA3).

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

72 Chapter 0

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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TIMSS 1999

Upper Quarter TIMSS International Benchmark — Example Item 6 | SC Benchmarking

An Item That Students Reaching the Upper Quarter International Benchmark Are Likely to Answer Correctly™

Boston College

Content Area: Fractions and Number Sense

Description: Solves a multi-step word problem that involves dividing a quantity

in a given ratio.

John sold 60 magazines and Mark sold 80 magazines. The magazines were all
sold for the same price. The total amount of money received for the magazines
was $700. How much money did Mark receive?

Answer: ﬁ Z/ﬂ 4

&
+
"o T )

_ 82 _ £
ek = Jq0 T4 7
/00

| 700
/00

'z

8th Grade Mathematics

Overall
Percent
Correct
Singapore 84 (2.0) a
Chinese Taipei 75 (1.8) a
Hong Kong, SAR ' 72 2.1) a
Korea, Rep. of 69 (1.4) a
Japan 67 2.0) a
Belgium (Flemish) * 60 3.7) a
First in the World Consort., IL 55 (6.1)
Montgomery County, MD ° 54 (4.1)
Czech Republic 54 (3.8)
Netherlands * 53 (4.5)
Russian Federation 52 (3.1)
Naperville Sch. Dist. #203, IL 49 (3.9)
Massachusetts 46 (4.0)
Canada 46 (2.4)
lllinois 44 (2.5)
Oregon 43 (4.2)
Texas 42 (4.7)
South Carolina 42 (3.0)
SW Math/Sci. Collaborative, PA 42 (2.8)
Michigan 42 (3.0) )
Jersey City Public Schools, NJ 41 (5.6) %
Academy School Dist. #20, CO 41 (4.1) @
United States 41 20)
Indiana ' 40 (4.4) é
Pennsylvania 39 (3.5) i
Guilford County, NC* 38 (4.8) 2
Connecticut 38 (4.3) g
North Carolina 36 (3.8) §
Italy 36 (2.6) =
Fremont/Lincoln/WestSide PS, NE 36 (6.5) 8
Missouri 35 (4.6) %
ldaho 35 (3.0) g
Delaware Science Coalition, DE 34 (5.0) E
Project SMART Consortium, OH 34 (4.3) %
Maryland 3324 v é
Michigan Invitational Group, Ml 3229 v o
Chicago Public Schools, IL 32 38 v §
England " 31 (26) v =
Rochester City Sch. Dist., NY 19 3.1) v %
Miami-Dade County PS, FL 18 @41) v

International Avg.
(All Countries)

Participant average significantly higher than o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

K The answer shown illustrates the type of student response that was given credit. / K Significance tests adjusted for multiple comparisons/
* The item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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

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

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

Performance at International Benchmarks 73



TIMSS 1999

Upper Quarter TIMSS International Benchmark — Example Item 7 | SC Benchmarking

An Item That Students Reaching the Upper Quarter International Benchmark Are Likely to Answer Correctly™

8th Grade Mathematics
Content Area: Measurement
Overall

Percent
Correct

Description: Finds the area of a rectangle contained in a parallelogra

given dimensions.

Singapore 83 (1.5) a
The figure shows a shaded rectangle inside a parallelogram. Japan 80 (1.2) a
Hong Kong, SAR " 78 (1.6) a
Korea, Rep. of 78 (13) a
e——3cm —= Chinese Taipei 75 (14) a
Naperville Sch. Dist. #203, IL 65 (2.8) a
Belgium (Flemish) © 65 (2.0) a
First in the World Consort., IL 62 (43) a
g Canada 58 (1.6) a
- Netherlands ' 55 (4.7)
Academy School Dist. #20, CO 49 (3.4)
Russian Federation 49 (2.8)
Italy 48 (2.1)
| 3 em y England ' 48 (2.3)
Czech Republic 46 (2.9)
Oregon 46 (4.0)
. Michigan Invitational Group, Mi 46 (3.9)
What is the area of the shaded rectangle? Montgomery County, MD ° 45 (3.9)
Project SMART Consortium, OH 44 (4.5)
Massachusetts 4 (2.8)
Ilinois 41 (2.9)
Idaho 41 (3.8)
) &D Connecticut 40 (4.2)
Answer: SW Math/Sci. Collaborative, PA 40 (3.6)
Texas 40 (4.1)
Michigan 39 (2.9)
Fremont/Lincoln/WestSide PS, NE 38 (3.5)
Indiana ' 38 (3.9)
Pennsylvania 34 29 v
? ,%: 6 Maryland 34 (2.5)
Guilford County, NC> 34 (4.6)
‘ United States 34 (14 v
5 North Carolina 3329 v
7( q South Carolina 32 32 v
Missouri 30 25) v
Delaware Science Coalition, DE 4 (36) Vv
a D Jersey City Public Schools, NJ 22 (41) v
Chicago Public Schools, IL 18 (44) v
Miami-Dade County PS, FL 14 24) v
Rochester City Sch. Dist., NY 12 (19 v
o | 09
Participant average significantly higher than o
international average
No statistically significant difference between
participant average and international average
Participant average significantly lower than v
international average
k The answer shown illustrates the type of student response that was given credit. / K Significance tests adjusted for multiple comparisons j
* The item was answered correctly by a majority of students reaching this benchmark. 2 Na;ignal D)efined Population covers less than 90 percent of National Desired Population (see
Exhibit A.3).

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,

Met guidelines for sample participation rates only after replacement schools were included (see some totals may appear inconsistent.

Exhibit A.6).

74 Chapter 0

Boston College

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



Upper Quarter TIMSS International Benchmark — Example Item 8 | SC géﬁ"cifna‘rgi?]g
An Item That Students Reaching the Upper Quarter International Benchmark Are Likely to Answer Correctly*

8th Grade Mathematics

Boston College

Content Area: Geometry overall
Description: Determines the number of triangles of given dimensions needed Ei:criz:
to cover a given rectangle.
Japan 0 (1.8) A
Korea, Rep. of 6 (1.7) A
Hong Kong, SAR * 5 (.0 a
Singapore 72 2.2) A
E Belgium (Flemish) * 68 (2.7) a
£ = Netherlands 66 (3.8) a
:] Naperville Sch. Dist. #203, IL 2 (3.5) A
Chinese Taipei 0 (1.8) A
3 cm 6 cm Michigan Invitational Group, MI 7 (6.8)
Montgomery County, MD 2 7 (3.9
Guilford County, NC 2 6 (5.0)
How many of the shaded right triangles shown above are needed to exactly cover First in the World Consort., IL 56 (5.1)
the surface of the rectangle? Czech Republic 5 (3.6)
South Carolina 3 (2.9)
A \Your Michigan 52 3.7)
Oregon 50 (4.0)
B. Six Canada 0 (2.4)
Texas 50 (3.3)
R Italy 9 (2.7)
@ Eight England * 8 (2.6) ‘
D Ten Academy School D-ist. #20, CO 48 (43) %
United States 47 (2.0) g
Indiana . 47 (2.4) =
Delaware Science Coalition, DE 46 (4.2) g
Idaho 46 (3.7) E
lllinois 44 (2.5) 3
Connecticut 44 (4.1) Q
SW Math/Sci. Collaborative, PA 44 (2.8) g
Russian Federation 44 (2.8) g
Project SMART Consortium, OH 44 (4.3) 4
Pennsylvania 42 (3.1) g
Fremont/Lincoln/WestSide PS, NE 42 (5.5) i
North Carolina 42 (3.2) E‘g
Massachusetts 41 2.0) 2
Chicago Public Schools, IL 40 (5.4) s
Missouri 39 (2.6) é
Jersey City Public Schools, NJ 39 (4.4) £
Maryland 38 (2.8) ;
Rochester City Sch. Dist., NY 31 (52) O
Miami-Dade County PS,FL. 30 (44) v O
et | 04
Participant average significantly higher than o
international average
No statistically significant difference between
participant average and international average
Participant average significantly lower than v
international average

K / K Significance tests adjusted for multiple comparisons j

* The item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). Bxhibit A.3)

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

Met guidelines for sample participation rates only after replacement schools were included (see some totals may appear inconsistent.

Exhibit A.6).
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Content Area: Algebra

Description: Solves a linear equation involving transposing.

S

Upper Quarter TIMSS International Benchmark — Example Item 9
An Item That Students Reaching the Upper Quarter International Benchmark Are Likely to Answer Correctly*

TIMSS 1999

| ( Benchmarking

Boston College

Find the value of x if 12x — 10 = 6x + 32

Answer: "F

A2%- Gx - 10= 3¢

;7 bﬁ - ﬁ
I

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

/

8th Grade Mathematics

Overall
Percent
Correct
Japan 85 ( A
Hong Kong, SAR * 80 ( A
Korea, Rep. of 80 ( A
Russian Federation 77 ( A
Singapore 75 ( A
Chinese Taipei 73 ( A
Naperville Sch. Dist. #203, IL 72 ( A
Czech Republic 66 (. A
First in the World Consort., IL 61 ( A
Belgium (Flemish) * 58 ( A

Academy School Dist. #20, CO 57 (
Montgomery County, MD * 55 (

Italy 46 (

Indiana * 44 (

Michigan 40 (

Guilford County, NC 2 40 (

Massachusetts 39 (
South Carolina 39 (
Texas 38 (
SW Math/Sci. Collaborative, PA 38 (
Oregon 37 (
Maryland 35 ( _
Idaho 34 ( 3
United States 34 ( v.o@
Michigan Invitational Group, M| 33 { 2‘
Canada 33 ( v g
Project SMART Consortium, OH 32 ( E
Connecticut 32 ( v §
Illinois 32 ( v Q
Pennsylvania 31 ( v g
North Carolina 27 ( v 2
Rochester City Sch. Dist., NY 27 ( v g
Jersey City Public Schools, NJ 26 ( v %
England © 26 ( v
Delaware Science Coalition, DE 25 ( v TEU
Missouri 2 ( v g
Fremont/Lincoln/WestSide PS,NE 22 (4.1) v §
Netherlands * 19 ( v é
Miami-Dade County PS, FL 17 ( v £
Chicago Public Schools, IL 10 (. v ;
v
H o
A couniey | 09 3

Participant average significantly higher than o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

K Significance tests adjusted for multiple comparisons j

*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).

T Met guidelines for sample participation rates only after replacement schools were included (see

Exhibit A.6).
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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.



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
question involving rounding. The international average percent correct
for this item was 65 percent, and all except five Benchmarking entities
performed significantly above the international average. Among the
high-achieving countries, Singapore outperformed other countries with
94 percent correct, followed by 85 percent in Hong Kong. More than
85 percent of students answered correctly in Naperville, the First in the
World Consortium, Guilford County, the Academy School District, the
Southwest Pennsylvania Math and Science Collaborative, Indiana,
North Carolina, and Connecticut.

In geometry, students at the Median Benchmark were able to locate a
point on a grid with five-unit divisions that lies between the grid lines
(see Example Item 11 in Exhibit 2.14). Fifty-eight percent of students
on average internationally correctly chose Point S as the point on the
grid that could have the coordinates (7,16). In Japan, Korea, Chinese
Taipei, Hong Kong, and Singapore, 80 percent or more of the students
answered correctly, as did students in Naperville and First in the World.
Generally, the Benchmarking participants performed relatively well on
this question, with 14 of them performing significantly above the inter-
national average. As might be anticipated, students answering
incorrectly most commonly chose Point Q (16,7).

Example Item 12 shown in Exhibit 2.15 illustrates students’ emerging
familiarity with algebraic representation. Internationally on average,
nearly two-thirds of students correctly identified the linear equation
corresponding to a given verbal statement involving a variable. In Hong
Kong, Singapore, Japan, and Korea, 85 percent or more of the students
answered correctly, and eighth graders in several Benchmarking

Performance at International Benchmarks 77



districts and consortia performed similarly. Naperville (94 percent)
topped the chart on this item, and 85 percent or more of the students in
the First in the World Consortium, Montgomery County, and the
Academy School District answered correctly.
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TIMSS 1999
Benchmarking

Boston College

Description of Median TIMSS International Benchmark of Mathematics
Achievement

e Median Benchmark

8th Grade Mathematics

7

|

Summary

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.

J/

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
of congruent figures and can select a pair of similar
triangles from a set of triangles. They can visualize a
rotation of a three-dimensional figure made of cubes.
They can locate points in the first quadrant of the
Cartesian plane.

Students can select an expression to represent a situation
involving multiplication, and identify a linear equation
corresponding to a verbal statement. They can find a
missing value in a table of values relating x and y values.
Using the properties of a balance, they can reason to
find an unknown weight. Given diagrams representing
the first few terms of a sequence, growing in one
dimension, and a partially completed table, they can
find the next two terms.

50th Percentile: 479

Performance at International Benchmarks

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

79



Median TIMSS International Benchmark — Example Item 10
An Item That Students Reaching the Median International Benchmark Are Likely to Answer Correctly*

Content Area: Fractions and Number Sense

Description: In a word problem, uses rounding to identify the number sentence

that gives the best estimate for the product.

There are 68 rows of cars in a parking lot. Each row has 92 cars. Which of these
would give the closest estimate of the total number of cars in the parking lot?

A. 60 x 90=15400

B. 60 x 100 = 6000

@ 70 x 90 = 6300

D. 70 x 100 = 7000

\ %

8th Grade Mathematics

TIMSS 1999

| ( Benchmarking

Overall
Percent
Correct
Naperville Sch. Dist. #203, IL 95 2.1) A
Singapore 94 (1.0) A
First in the World Consort., IL 93 3.2) A
Guilford County, NC * 87 (34) a
Academy School Dist. #20, CO 87 (3.0) a
SW Math/Sci. Collaborative, PA 87 3.1) a
Indiana 86 (2.6) 4
North Carolina 86 (1.9) a
Connecticut 86 (3.6) a
Michigan Invitational Group, M| 85 (3.8) a
Illinois 85 (2.2) a
Hong Kong, SAR " 85 (1.7) 4
Montgomery County, MD* 85 (3.2) 4
Michigan 85(2.6) a
Chicago Public Schools, IL 84 (2.1) a
Oregon 84.(2.1) a
Belgium (Flemish). " 83 3.0) a
Japan 82 (1.4) a
Korea, Rep. of 82 (1.2) a
Chinese Taipei 81 (1.5) a
South Carolina 81 2.9) a
Texas 81 3.5 a
Netherlands " 81 3.1) a
Idaho 81 3.6) A
Pennsylvania 80 (3.9) a
Project SMART Consortium, OH 80 (4.7) A
United States 79 (1.8) a
Canada 78 2.1) a
Czech Republic 78 (2.3) a
Massachusetts 76 2.8) a
Missouri 75 2.6) a
Fremont/Lincoln/WestSide PS, NE 75 (4.0)
Delaware Science Coalition, DE 74 (3.2)
England " 74 (2.8) a
Maryland 74 (1.9)
Jersey City Public Schools, NJ 71 3.2)
Rochester City Sch. Dist., NY 67 (3.8)
Russian Federation 65 (2.7)
Miami-Dade County PS, FL 60 (3.5)
Italy 52 25 v
memionane | o5 0
Participant average significantly higher than = &

international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

ksignificance tests adjusted for multiple comparisonsJ

* The item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). EXhIDILA3).

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

80 Chapter 0

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

Boston College

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



Median TIMSS International Benchmark — Example Item 11 | SC géﬁ"cifna‘rgi?]g

An Item That Students Reaching the Median International Benchmark Are Likely to Answer Correctly*

8th Grade Mathematics
Content Area: Geometry overall

Percent
Correct

Boston College

Description: Locates the point on a grid with 5-unit divisions when the point

lies between the grid lines.

Connecticut
Delaware Science Coalition, DE

S o O O
o o = N

Missouri

Czech Republic

Chicago Public Schools, IL
Miami-Dade County PS, FL

Idaho

Rochester City Sch. Dist., NY
Fremont/Lincoln/WestSide PS, NE

Naperville Sch. Dist. #203, IL 88 (29 a
Which . . Japan 84 (1.7) A
ich point on the graph could have coordinates (7,16)?
Korea, Rep. of 84 (1.4) a
Chinese Taipei 83 (1.5) a
y First in the World Consort., IL 82 3.2) a
Hong Kong, SAR * 81 (1.7) a
20 Singapore 80 2.3) a
Netherlands 78 2.5) A
15 S *R North Carolina 78 3.2) A
Jersey City Public Schools, NJ 76 (4.4) a
Guilford County, NC ? 75 (4.2) a
10 England * 75 32) a
SW Math/Sci. Collaborative, PA 74 3.3) A
5 +P +Q Texas - 74 (34) 4
South Carolina 73 3.5 a
Academy School Dist. #20, CO 73 3.3) a
X Montgomery County, MD > 73 (3.0) 4
0 5 10 15 20 Michigan 72 29) a
Pennsylvania 71 2.0) a
Russian Federation 71 22) a
A. Point P Belgium (Flemish) © 71 2.5) 4
Oregon 70 (5.3)
B Point Q Michigan Invitational Groulo, N'II 69 (3.8)
Illinois 69 (33) a
Project SMART Consortium, OH 68 (4.8)
C. PointR Canada 67 26) a
Indiana * 67 (3.2)
@ Point S United States 67 (1.6) a
Maryland 67 (3.7)
Massachusetts 64 (3.0)
Italy 2.2)
(4.5)
(4.6)
(3.0)
(3.2)
(5.3)
4.2)
(5.8)
(4.7)
(6.1)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

(SR, B, S IS BT, |
A U OO O N

International Avg.
(All Countries) | 38 04)

Participant average significantly higher than o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

K / KSignificance tests adjusted for multiple comparisons/

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

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

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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Median TIMSS International Benchmark — Example Item 12 | SC ngcifna‘rgiig
An Item That Students Reaching the Median International Benchmark Are Likely to Answer Correctly*

8th Grade Mathematics
Content Area: Algebra overall

Percent
Correct

Boston College

Description: Identifies the linear equation corresponding to a given verbal

statement involving a variable.

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)
n is a number. When 7 is multiplied by 7, and 6 is then added, the result is 41. Montgomery County, MD > 87 (1.4)
Which of these equations represents this relation? Japan 86 (0.8)
Academy School Dist. #20, CO 85 (1.6)
Tn+6=41 Korea, Rep. of 85 (0.7)
Chinese Taipei 84 (1.1)
Michi 82 (1.6
B.  Tn—6=41 il o)
Canada 82 (1.0)
Russian Federation 82 (1.6)

C. Tnx6=41
n Project SMART Consortium, OH 82 (2.1)
Pennsylvania 81 (1.8)

D. Tn+6)=41 Belgium (Flemish) 81 (1.2

Massachusetts 80 (

Netherlands " 80 (

Connecticut 80 (

Indiana ' 80 (

Michigan Invitational Group, MI 80
SW Math/Sci. Collaborative, PA 80 (
Illinois 80 (

Guilford County, NC * 79 (

Texas 78 (

United States 77 (

Oregon 77 (

Idaho 77 (

South Carolina 77 (

North Carolina 75 (

Missouri 73 (
Maryland 72 (
Fremont/Lincoln/WestSide PS, NE 72 (
(

(

(

(

(

(

(

(

| N S S S S S S N S N N N S S S R S S S S S O O R S S S S 2

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

Czech Republic 72 A
Delaware Science Coalition, DE n
Chicago Public Schools, IL n
Jersey City Public Schools, NJ 69
Rochester City Sch. Dist., NY 68
Miami-Dade County PS, FL 64
England © 62

Italy 58 v

International Avg.
(All Countries)

Participant average significantly higher than o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

K / ksignificance tests adjusted for multiple comparisonsJ

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

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

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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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 14 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 8o 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 — g5 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 sMarRT Consortium, Connecticut,
Pennsylvania, Illinois, Missouri, Texas, and the First in the World
Consortium. Again, the Benchmarking participants did comparatively
well on this rounding item. In all, students in every Benchmarking
entity except the Miami-Dade County Public Schools achieved
significantly above the international average.

As illustrated by Example Item 14 in Exhibit 2.18, students at the
Lower Quarter Benchmark generally could subtract one three-decimal-
place number from another with multiple regrouping. Internationally
on average, 77 percent of the eighth-grade students selected the
correct response to this item. Students in Texas (89 percent)
performed significantly above the international average and similarly to
students in Singapore, Korea, and the Russian Federation (88 to go
percent). All of the other Benchmarking participants performed near
the international average except the Michigan Invitational Group (60
percent), whose students performed below it.

Students at this level could subtract one four-digit integer from another
involving multiple regrouping with zeroes (see Example Item 15 in
Exhibit 2.19). On this subtraction item also, students in Texas (9o
percent) performed similarly to those in Singapore, Chinese Taipei,
and Hong Kong (go to g2 percent). Students in the Naperville School
District (88 percent), the Academy School District (84 percent), and
Massachusetts (82 percent) also performed significantly above the
international average of 74 percent.
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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 go 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.



TIMSS 1999
Benchmarking

Boston College

Description of Lower Quarter TIMSS International Benchmark of Mathematics
Achievement

8th Grade Mathematics

e Lower Quarter Benchmark

Summary

Students can do basic computations with whole numbers.

The few items 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 can read
a thermometer and locate the reading in a table. Students recognize some basic notation.

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

25th Percentile: 396
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Lower Quarter TIMSS International Benchmark — Example Item 13
An Item That Students Reaching the Lower Quarter International Benchmark Are Likely to Answer Correctly™

Content Area: Fractions and Number Sense

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

The sum 691 + 208 is closest to the sum

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

/

8th Grade Mathematics

Naperville Sch. Dist. #203, IL
Indiana *
Singapore
Michigan Invitational Group, MI
Belgium (Flemish) '
SW Math/Sci. Collaborative, PA
Montgomery County, MD *
Project SMART Consortium, OH
Japan
Connecticut
Pennsylvania
Illinois
Missouri
Netherlands
Texas
First in the World Consort., IL
Academy School Dist. #20, CO
Michigan
North Carolina
Oregon
Idaho
Massachusetts
Hong Kong, SAR *
Jersey City Public Schools, NJ
Canada
United States
South Carolina
Maryland
Chicago Public Schools, IL
Korea, Rep. of
England
Guilford County, NC ?
Delaware Science Coalition, DE
Czech Republic
Chinese Taipei
Fremont/Lincoln/WestSide PS, NE
Rochester City Sch. Dist., NY
Russian Federation
Miami-Dade County PS, FL
Italy

International Avg.
(All Countries)

TIMSS 1999

| ( Benchmarking

Overall
Percent
Correct

99

97
97
96
96
95
95
95

| N I S S S S S S S S S S R S N S S S S S N O S S S S S S N e 2

Participant average significantly higher than
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than
international average

KSignificance tests adjusted for multiple comparisons/

* The item was answered correctly by a majority of students reaching this benchmark.
States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details).

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

Boston College

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



Exhibit 2.18

Lower Quarter TIMSS International Benchmark — Example Item 14 | SC Benchmarking
An Item That Students Reaching the Lower Quarter International Benchmark Are Likely to Answer Correctly™

8th Grade Mathematics
Content Area: Fractions and Number Sense
Overall

Boston College

Description: Subtracts a three-decimal-place number from another with chrz::
multiple regrouping.
Singapore 0 (1.4) a
Texas 9 2.1) A
Korea, Rep. of 8 (1.2) A
Russian Federation 88 (1.9) A
Subtract: 4722~ 1.935 = BN | ¥601:3) 4
Czech Republic 85 (2.8)
Chinese Taipei 4 (1.5 A
Naperville Sch. Dist. #203, IL 4 (2.9)
2.787 Chicago Public Schools, IL 3 (2.8)
Hong Kong, SAR " 3 (1.8) 4
Indiana " 2 (2.7)
B. 2.797 Montgomery County, MD ° 82 (3.4)
South Carolina 1 (2.6)
C. 2.887 Academy School Dist. #20, CO 1 (3.3)
Canada 80 (1.8)
D. 2.897 Ilinois 78 (2.2)
Guilford County, NC 2 8 (4.0)
Pennsylvania 78 (2.8)
Project SMART Consortium, OH 8 (3.3)
Rochester City Sch. Dist., NY 7 (3.9) _
Massachusetts 77 (2.6) §
Maryland 77 (2.2) %
United States 77 (1.7) =
aly 77 23) g
Connecticut 77 (4.0) E
SW Math/Sci. Collaborative, PA 76 (3.4) §
Jersey City Public Schools, NJ 76 (5.2) Q
North Carolina 76 (2.6) Eﬁ
Idaho 75 (3.9) g
Michigan 74 (3.1) g
Oregon 73 (3.6) %
Belgium (Flemish) © 73 (2.0) ;g
First in the World Consort., IL 73 (3.5) =
Miami-Dade County PS, FL 71 (4.0) %
Netherlands 69 (4.3) E
Missouri 68 (4.2) -f;
Delaware Science Coalition, DE 68 (3.5) =
Fremont/Lincoln/WestSide PS, NE 61 (5.6) ;
Michigan Invitational Group, MI 60 (4.4) &:2
England 59 27) v O

International Avg.

(All Countries) 7.(04)

Participant average significantly higher than o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than v
international average

K / kSignificance tests adjusted for multiple comparisonsJ

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

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

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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Lower Quarter TIMSS International Benchmark — Example Item 15 | SC Benchmarking
An Item That Students Reaching the Lower Quarter International Benchmark Are Likely to Answer Correctly™

8th Grade Mathematics
Content Area: Fractions and Number Sense Overall

Percent
Description: Subtracts a four-digit number from another involving zeroes. Correct

Boston College

Rochester City Sch. Dist., NY 76
Maryland 76

North Carolina 75

Delaware Science Coalition, DE 75
First in the World Consort., IL 74
Michigan 73

Miami-Dade County PS, FL 72
Fremont/Lincoln/WestSide PS, NE 68
Italy 67

England * 51

Singapore 92 (13) a
Chinese Taipei 9 (1.2) A
Subtract: Texas 90 (19) a
7003 Hong Kong, SAR T 90 (1.3) 4
— 4078 Korea, Rep. of 88 (1.2) a
e N\ Naperville Sch. Dist. #203, IL 88 (2.7) 4
Japan 86 (1.4) 4
Belgium (Flemish) * 85 (2.1) 4
Academy School Dist. #20, CO 84 (2.8) A
A. 2035 Indiana * 84 (3.3)
Canada 83 (1.4) a
@ 2925 Massachusetts 82 (23) a
Montgomery County, MD ? 82 (4.3)
llinois 82 (2.4)
C. 3005 Czech Republic 82 (2.4)
Jersey City Public Schools, NJ 81 (2.8)
D. 3925 Idaho 81 (2.8)
United States 81 (1.6) 4
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, Ml 78 (4.8
Missouri 77 (3.3
Pennsylvania 77 2.4
Connecticut 77 (3.8
South Carolina 77 (2.6
Project SMART Consortium, OH 76 (4.0
(4.5
(2.2
2.7
(3.2
(4.0
(3.2
(2.8
6.4
2.7
(3.1

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

International Avg.
(All Countries)

Participant average significantly higher than =~ o
international average

No statistically significant difference between
participant average and international average

Participant average significantly lower than v
international average

K / KSignificance tests adjusted for multiple comparisonsJ

* This item was answered correctly by a majority of students reaching this benchmark. 2 National Defined Population covers less than 90 percent of National Desired Population (see

States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). Exhibit A.3).

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

Met guidelines for sample participation rates only after replacement schools were included (see some totals may appear inconsistent.

Exhibit A.6).
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Lower Quarter TIMSS International Benchmark — Example Item 16 | SC Benchmarking
An Item That Students Reaching the Lower Quarter International Benchmark Are Likely to Answer Correctly™

8th Grade Mathematics

Boston College

Content Area: Data Representation, Analysis and Probability

Overall
Percent
Description: Reads a thermometer and locates the reading in a table. Correct
Naperville Sch. Dist. #203, IL 99 (1.0) A
Japan 9% (0.8) A
Singapore 95 (0.9) A
This table shows temperatures at various times on four days. (e Belgium (Flemish) * 95 (1.5) a
35 First in the World Consort., IL 95 (2.7) a
—30° Academy School Dist. #20, CO 92 2.1) A
TEMPERATURE =% Korea, Rep. of 92 (0.9) 4
6am. | 9am.| Noon | 3p.m. | 6p.m. Mi) e B A
| Chinese Taipei 91 (1.2) A
Monday 15° 17° | 240 | 21° 16° :;f Czech Republic 91 (19) a
Tuesday 20° 16° 15° 10° 9° Winois 91 (1.8) a
Wednesday 8° 14° 16° 19° 15° Project SMART Consortium, OH 91 (3.7)
Thursday g | 1 |19 | 260 | 20° U I, o' (19 4
Thermometer SW Math/Sci. Collaborative, PA 91 (1.8) a
Hong Kong, SAR* 90 (1.5) a
On which day and at what time was the temperature shown in the table the same as Netherlands * 90 (26) 4
that shown on the thermometer. Massachusetts 90 (2.0) a
Canada 89 (2.6) A
Monday, Noon United States 89 (1.2) 4
Fremont/Lincoln/WestSide PS, NE 89 2.2) A _
B.  Tuesday, 6 a.m. Montgomery County, MD > 89 (3.2) %
North Carolina 89 22) a g
C.  Wednesday, 3 p.m. Idaho 89 26) a 9_
Oregon 88 (1.9) a g
D.  Thursday, 3 p.m. Michigan Invitational Group, MI 88 (3.3) L:;
Texas 88 (23) a 3
Guilford County, NC 2 88 (4.1) B
Michigan 88 (2.7) a g
Pennsylvania 87 (3.6) f?f:’
Connecticut 87 (3.6) g
Missouri 87 (1.9) a %
Maryland 87 (18 a =
Delaware Science Coalition, DE 87 (3.2) ,—Eg
South Carolina 87 1) a =2
Chicago Public Schools, IL 86 (3.5) g
Russian Federation 85 (2.6) ;;
Italy 81 (2.0) S
Jersey City Public Schools, NJ 81 (2.1) ;
Miami-Dade County PS, FL 76 (5.2) 9
Rochester City Sch. Dist., NY 73 (4.7) 3
memiont s | 75 09
Participant average significantly higher than o
international average
No statistically significant difference between
participant average and international average
Participant average significantly lower than v
international average

K / K Significance tests adjusted for multiple comparisonsJ

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

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

T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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What Issues Emerge from the Benchmark Descriptions?

The benchmark descriptions and example items strongly suggest a grada-
tion in achievement, from the top-performing students’ ability to
generalize and solve non-routine or contextualized problems to the lower-
performing students being able primarily to use routine, mainly numeric
procedures. The fact that even at the Median Benchmark students
demonstrate only limited achievement in problem solving beyond
straightforward one-step problems may suggest a need to reconsider the
role, or priority, of problem solving in mathematics curricula.

The choices teachers make determine, to a large extent, what students
learn. According to the NcTM’s “The Teaching Principle,” in effective
teaching worthwhile mathematical problems are used to introduce impor-
tant ideas and engage students’ thinking. The TiMSs 1999 Benchmarking
results show that higher achievement is related to the emphasis that
teachers place on reasoning and problem-solving activities (see Chapter 6,
Exhibit 6.11). This finding is consistent with the video study component
of TiMss conducted in 199r. Analyses of videotapes of mathematics
classes revealed that in the typical mathematics lesson in Japan students
worked on developing solution procedures to report to the class that were
often expected to be original constructions. In contrast, in the typical U.S.
lesson students essentially practiced procedures that had been demon-
strated by the teacher.

In looking across the item-level results, it is also important to note the
variation in performance across the topics covered. On the 16 items
presented in this chapter, there was a substantial range in performance
for many Benchmarking participants. For example, students in the
Benchmarking entities performed relatively well on the items requiring
rounding (Exhibits 2.14 and 2.17), and students in Texas did very well on
the subtraction questions (Exhibits 2.18 and 2.19). Conversely, students
in the Benchmarking entities had particular difficulty with measurement
items containing figures (Exhibits 2.2 and 2.9). In some cases, differences
of this sort will result from intended differences in emphasis in state or
district curricula. It is likely, however, that variation in results may be unin-
tended, and the findings will provide important information about
strengths and weaknesses in intended or implemented curricula. For
example, Maryland, the Michigan Invitational Group, Chicago, Rochester,
and Miami-Dade may not have anticipated performing below the interna-
tional average on a relatively straightforward word problem involving
proportional reasoning (Exhibit 2.8). At the very least, an in-depth exami-
nation of the TIMSS 19gqg results may reveal aspects of curricula that merit
further investigation.
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Chapter g 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;
measurement; data representation, analysis, and

probability; geometry; and algebra.






As delineated by the curriculum of the countries around the world
and in the Benchmarking entities, mathematics contains a range of
content areas (see Chapter 5 on curriculum). For example, almost
all TiMss 1999 countries and Benchmarking participants reported
some elements of arithmetic as well as algebra and geometry in the
eighth-grade mathematics curriculum. Since these content areas can
differ in complexity, enter the curriculum at different times, receive
varying degrees of emphasis, or even be taught as separate courses,
Chapter g presents results by the major content areas in mathe-
matics. For each Benchmarking entity, average achievement is shown
for each content area and compared with the international average
for that content area, and average achievement in the content areas
is profiled in relation to overall mathematics achievement. Results
are also provided by gender. These different perspectives are
provided to identify the relative strengths and weaknesses of students
in the different mathematics content areas as well as the possible
effects of curricular variation on average achievement.

The TiMSs 1999 mathematics test for the eighth grade was designed to
enable reporting by five content areas in accordance with the Timss
mathematics framework. These areas, with their main topics, are:

e Fractions and number sense

Includes whole numbers, fractions and decimals, integers, exponents, estima-
tion and approximation, proportionality

e Measurement

Includes standard and non-standard units, common measures, perimeter,
area, volume, estimation of measures

¢ Data representation, analysis, and probability

Includes representing and interpreting tables, charts, and graphs; range,
mean; informal likelihood, simple numerical probability

¢ Geometry

Includes points, lines, planes, angles, visualization, triangles, polygons,
circles, transformations, symmetry, congruence, similarity, constructions

¢ Algebra

Includes number patterns, representation of numerical situations, solving
simple linear equations, operations with expressions, representations of
relations and functions.
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How Does Achievement Differ Across Mathematics
Content Areas?

Exhibit g.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 overall international average.

The six countries scoring highest in the overall mathematics assessment —
Singapore, Korea, Chinese Taipei, Hong Kong, Japan, and Belgium
(Flemish) — were also the highest-scoring countries (though not always
in the same rank order) in each content area. Correspondingly, the
Naperville School District and the First in World Consortium were

the highest-scoring Benchmarking entities, performing significantly
above the international average, and generally about the same as Belgium
(Flemish), in each area.

In contrast to the consistent performance across content areas displayed by
the highest-performing entities, performance varied substantially for some
middle-performing entities, including the United States. The United States
performed significantly above the international average in fractions and
number sense; data representation, analysis, and probability; and algebra.
In contrast, however, it performed similarly to the international average in
measurement and geometry. The same pattern occurred in several of the
Benchmarking jurisdictions, including the Project sSMART Consortium,
Texas, Indiana, Michigan, the Southwest Pennsylvania Math and Science
Collaborative, Massachusetts, Oregon, and Guilford County. Montgomery
County, the Michigan Invitational Group, and the Academy School District
performed above the international average in measurement as well as in
the three areas in which the U.S. did relatively well, but like the U.S.
performed only at the international average in geometry. Although
students in Pennsylvania and Illinois performed above the international
average in fractions and number sense as well as in algebra, they
performed similarly to the international average in the other three areas.
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Exhibits B.1 through B.5 in Appendix B compare average achievement
among individual entities for each of the content areas. The exhibits
show whether or not the differences in average achievement between
pairs of participating entities are statistically significant.
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TIMSS 1999
Average Achievement in Mathematics Content Areas Benchmarking

Boston College

Fractions and Number Sense
Average Scale Score

(61 items)

Singapore A 608 (5.6)
Hong Kong, SAR T A 579 (4.5)
Chinese Taipei A 576 (4.2)
Korea, Rep. of A 570 (2.7)
Japan A 570 (2.6)
Naperville Sch. Dist. #203, IL A 569 (3.9)
First in the World Consort., IL & 561 (4.9)
Belgium (Flemish) * ye 557 (3.1)
Netherlands * A 545 (7.1)
Montgomery County, MD 2 A 540 (5.1)
Michigan Invitational Group, MI A& 535 (5.1)
Academy School Dist. #20, CO A& 534 (2.8)
Canada A& 533 (2.5)
Project SMART Consortium, OH A 527 (7.9)
Texas A 527 (8.9)
Indiana * A 526 (7.6)
Michigan A 525 (7.2)
SW Math/Sci. Collaborative, PA A 524 (6.6)
Connecticut & 522 (7.9)
Massachusetts 'S 521 (5.9)
Oregon & 521 (6.2)
Pennsylvania A 517 (5.3)
Ilinois A 516 (6.2)
Russian Federation A 513 (6.4)
Guilford County, NC 2 ye 513 (7.3)
United States A 509 (4.2)
South Carolina 509 (7.0)
Czech Republic & 507 (4.8)
Idaho 505 (6.9)
Maryland 501 (5.9)
Fremont/Lincoln/WestSide PS, NE 498 (6.4)
England 497 (3.8)
North Carolina 497 (7.0)
Missouri 497 (4.8)
Delaware Science Coalition, DE 487 (8.3)
Jersey City Public Schools, NJ 483 (7.3)
Chicago Public Schools, IL 474 (6.1)
Italy v 471 (5.0)
Rochester City Sch. Dist., NY - 458 (5.7)
Miami-Dade County PS, FL v 434 (9.0)

I T 1

200 500 800

International Avg.

A Participant average significantly higher (All Countries)

than international average

Participant average not significantly
different from international average

V  Participant average significantly lower
than international average

Significance tests adjusted for multiple comparisons

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

T Met quidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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8th Grade Mathematics

Measurement
Average Scale Score

(24 items)
Singapore A 599 (6.3)
Korea, Rep. of A 571 (2.8)
Hong Kong, SAR T A 567 (5.8)
Chinese Taipei A 566 (3.4)
Japan A 558 (2.4)
Belgium (Flemish) ¥ & 549 (4.0)
Naperville Sch. Dist. #203, IL A 549 (3.4)
Netherlands * & 538 (5.8)
First in the World Consort., IL & 535 (5.8)
Czech Republic & 535 (5.0)
Russian Federation A 527 (6.0)
Canada & 521 (2.4)
Michigan Invitational Group, MI A 516 (5.8)
Montgomery County, MD 2 A 516 (4.3)
England e 507 (3.8)
Academy School Dist. #20, CO A 507 (3.5)
Italy 501 (5.0)
Oregon 500 (6.3)
Project SMART Consortium, OH 498 (7.8)
SW Math/Sci. Collaborative, PA 495 (7.0)
Michigan 494 (7.4) 8
Connecticut 493 (8.3) g
Massachusetts 491 (7.0) 2‘
Illinois 491 (63) g
Pennsylvania 489 (6.0) E
Indiana * 489 (6.8) 3
Texas 489 9.1) 3
Guilford County, NC 2 187 71) §
United States 482 (3.9) "é
Idaho 482 (8.1) ,‘2
Maryland 482 (59 £
South Carolina 475 (7.1) ks
Missouri 474 (6.3) %
Fremont/Lincoln/WestSide PS, NE 474 8.7) 2
North Carolina 472 (1.5) g
Delaware Science Coalition, DE V- 459 (8.7) é
Jersey City Public Schools, NJ v 450 (9.1) E
Chicago Public Schools, IL v 439 8.1) =
Rochester City Sch. Dist., NY V- 417 (6.2) S:J
Miami-Dade County P, FL v 407 89 2
I T 1
200 500 800

International Avg.
(All Countries) 487 (0.7)

2 National Defined Population covers less than 90% 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.



Exhibit 3.1

. TIMSS 1999
. : Average Achievement in Mathematics Content Areas | S C Benchmarking
(Continued 1) —_—

Boston College
8th Grade Mathematics

Data Representation
. L Geometry
Analysis, and Probability
Average Scale Score Average Scale Score

(21 items) (21 items)
Korea, Rep. of A 576 (4.2) Japan & 575 (5.1)
Singapore A 562 (6.2) Korea, Rep. of A 573 (3.9)
Chinese Taipei A 559 (5.1) Singapore & 560 (6.7)
Naperville Sch. Dist. #203, IL A 559 (4.9) Chinese Taipei A 557 (5.8)
First in the World Consort., IL A 558 (7.3) Hong Kong, SAR T A 556 (4.9)
Japan A 555 (2.3) Belgium (Flemish) u A 535 (4.1)
Hong Kong, SAR b A& 547 (5.4) Naperville Sch. Dist. #203, IL A 528 (4.2)
Belgium (Flemish) U A 544 (3.8) Russian Federation & 522 (6.0)
Montgomery County, MD 2 A 541 (4.8) First in the World Consort., IL & 519 (8.6)
Michigan Invitational Group, MI A 538 (6.9) Netherlands T A 515 (5.5)
Netherlands A 538 (7.9) Czech Republic A 513 (5.5)
Project SMART Consortium, OH A 534 (8.6) Canada & 507 (4.7)
Academy School Dist. #20, CO A 527 (4.1) Montgomery County, MD 2 501 (4.5)
Texas A 527 (10.2) Academy School Dist. #20, CO 499 (5.0)
M husetts A 521 (6.3) Michigan Invitational Group, Ml 495 (8.3)
Canada A 521 (4.5) Guilford County, NC 2 491 (7.5)
Guilford County, NC 2 A 520 (10.1) Texas 486 (7.9)
SW Math/Sci. Collaborative, PA A 518 (6.5) Michigan 486 (8.0)
Indiana ' A 518 (6.3) Oregon 486 (6.8)
Michigan 'S 517 (6.8) Illinois 483 (6.8)
Connecticut 516 (9.9) SW Math/Sci. Collaborative, PA 482 (8.9) §
Oregon A 516 (7.0) Italy 482 (5.6) é
Czech Republic A 513 (5.9) Project SMART Consortium, OH 477 (8.1) 9
Pennsylvania 510 (8.6) Massachusetts 477 (6.1) g
llinois 510 (7.1) South Carolina 476 (1.8) E
South Carolina 507 (7.5) Indiana ' 476 (7.6) §
England u 506 (8.0) North Carolina 475 (5.6) ?,
United States & 506 (5.2) United States 473 (4.4) g
Maryland 504 (6.4) Pennsylvania 473 (4.7) 'r%
North Carolina 502 (5.8) England ' v 471 (4.2) g
Russian Federation 501 (4.8) Connecticut 470 (7.7) %
Idaho 501 (7.2) Fremont/Lincoln/WestSide PS, NE v 467 (5.6) 7
Missouri 500 (5.0) Maryland v 466 (6.0) %
Fremont/Lincoln/WestSide PS, NE 496 (10.8) Missouri v 466 (5.6) %
Delaware Science Coalition, DE 493 (9.7) Idaho v 465 (6.5) 5
Jersey City Public Schools, NJ 488 (9.6) Jersey City Public Schools, NJ % 458 (7.6) -_;
Italy 484 (4.5) Delaware Science Coalition, DE - 457 (6.2) E
Chicago Public Schools, IL 472 (7.2) Chicago Public Schools, IL V- 457 (6.4) =
Rochester City Sch. Dist., NY v 465 (6.2) Rochester City Sch. Dist., NY - 433 (6.3) §
Miami-Dade County PS, FL v 445 (9.0) Miami-Dade County PS, FL v 423 (7.8) §
I T 1 I T 1
200 500 800 200 500 800

International Avg. International Avg.

: 487 (0.7) ; 487 (0.7)
A Participant average significantly higher (All Countries) (All Countries)

than international average

Participant average not significantly
different from international average

V  Participant average significantly lower
than international average

Significance tests adjusted for multiple comparisons
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Exhibit 3.1
(Continued 2)

Average Achievement in Mathematics Content Areas

Algebra
Average Scale Score
(35 items)
Chinese Taipei A 586 (4.4)
Korea, Rep. of A 585 (2.7)
Singapore 'S 576 (6.2)
Japan A 569 (3.3)
Hong Kong, SAR " " 569 (4.5)
Naperville Sch. Dist. #203, IL & 563 (4.0)
First in the World Consort., IL & 561 (5.8)
Belgium (Flemish) T A 540 (4.6)
Montgomery County, MD 2 A 540 (4.7)
Michigan Invitational Group, MI A& 533 (7.1)
Academy School Dist. #20, CO A& 532 (3.3)
Russian Federation A 529 (4.9)
Canada A 525 (2.4)
Guilford County, NC 2 & 524 (6.5)
Netherlands " A 522 (7.7)
Massachusetts A 521 (5.6)
Project SMART Consortium, OH & 521 (7.6)
Michigan A 520 (6.0)
SW Math/Sci. Collaborative, PA A 519 (8.5)
Oregon A 515 (6.2)
Indiana * A 515 (65) 8
Czech Republic A 514 (4.0) é
Texas A 514 (8.5) 9
Connecticut 513 (8.2) g
Illinois A 513 5.7) E
South Carolina A 511 (6.2) §
Pennsylvania A 511 (6.1) g
North Carolina & 510 (6.1) E
United States & 506 (4.1) '{'éu
Idaho 500 (7.3) }2
Maryland 499 (6.4) E
England " 498 (49) =
Delaware Science Coalition, DE 497 (8.3) %
Jersey City Public Schools, NJ 49 (74) 2
Fremont/Lincoln/WestSide PS, NE 495 (69) §
Missouri 494 49) 3
Italy 481 (3.6) f
Chicago Public Schools, IL 474 (6.5) =
Rochester City Sch. Dist., NY 466 (7.1) §
Miami-Dade County P, FL v 452 (13) O
I T 1
200 500 800

International Avg.

A Participant average significantly higher (All Countries)

than international average

Participant average not significantly
different from international average

V  Participant average significantly lower
than international average

Significance tests adjusted for multiple comparisons

8th Grade Mathematics

TIMSS 1999

| S C Benchmarking

Boston College

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

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

] Chapter 9

2 National Defined Population covers less than 90% 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.



In Which Content Areas Are Students Relatively Strong or Weak?

For purposes of comparison, Exhibit .2 profiles the relative perform-
ance in mathematics content areas within the comparison countries,
while Exhibit g.g provides the corresponding information for the
Benchmarking states and Exhibit g.4 for the districts and consortia.
These exhibits display the difference between average performance
in each content area and average mathematics performance overall,
highlighting any variation. The profiles reveal that as in the partici-
pating countries, students in many of the Benchmarking jurisdictions
performed relatively better or worse in several content areas than
they did overall. For example, students in all the Benchmarking
entities generally followed the U.S. pattern of performing better than
they did overall in fractions and number sense; data representation,
analysis, and probability; and algebra, but less well in measurement
and geometry.

In particular, a number of jurisdictions had relatively worse geometry
performance, including Connecticut, Idaho, Indiana, Maryland,
Massachusetts, Missouri, and Pennsylvania among the states. Districts
and consortia with such results were the Academy School District, the
Delaware Science Coalition, First in the World, the Fremont/Lincoln/
Westside Public Schools, the Michigan Invitational Group, Montgomery
County, Naperville, and Project smaRT. Students’ relatively low achieve-
ment in geometry is most likely related to less coverage of geometry
topics in mathematics classrooms (see Chapter 5).

Among other notable findings, students in North and South Carolina
did relatively well in algebra compared with their overall performance,
and those in the Rochester City School District had particular difficulty
in the area of measurement. Differences in relative performance may
be related to one or more of a number of factors, such as emphases

in intended curricula or widely used textbooks, strengths or weaknesses
in curriculum implementation, and the grade level at which topics are
introduced. For the Benchmarking entities, the patterns of relative
strengths and weaknesses profiled in Exhibits §.4 and g.4 are some-
times reflected in strengths and weaknesses relative to other countries
and the United States (shown in Exhibit g.1).
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Countries’ Profiles of Relative Performance in Mathematics Content Areas

8th Grade Mathematics
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| S Benchmarking
Boston College

60
30
0
30
-60
60
30
0
30
-60
60
30
0
30
-60
60
30
0
30
-60
60
30
0
30
-60

Avera e and 95%
conﬁ lence interval
+ZSE) for content area

Country s average of
mathematics content
area scale scores
(set to 0)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

T Met qguidelines for sample participation rates only after replacement schools were included (see Exhibit A.6).
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States’ Profiles of Relative Performance in Mathematics Content Areas

8th Grade Mathematics
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). T Met guidelines for sample participation rates only after replacement schools were included (see
Exhibit A.6).
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Districts’ and Consortia’s Profiles of Relative Performance in Mathematics

Content Areas
8th Grade Mathematics
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

2 National Defined Population covers less than 90 percent of National Desired Population (see Exhibit A.3).
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What Are the Gender Differences in Achievement for the
Content Areas?

Exhibit g.5 displays average achievement in mathematics content areas
by gender for the Benchmarking entities as well as the comparison
countries. The most striking feature of the exhibit is the very small
number of statistically significant differences. There were no significant
gender differences in average achievement in any Benchmarking juris-
diction, except that boys had higher average achievement than girls in
fractions and number sense in Pennsylvania — for the Southwest
Pennsylvania Math and Science Collaborative and for the state as a
whole. Even though the United States had higher average achievement
for boys than for girls in measurement, there were no significant differ-
ences in the Benchmarking entities.

An important stage of item selection for the TIMSS 199 assessment
was the examination of item statistics to detect items that differentiated
between groups, including girls and boys, at the country level. Such
items were scrutinized and retained when there was no apparent source
of gender bias. It is therefore likely that the absence of significant
gender differences in the averages for girls and boys in a country is due
partly to a balance between items on which one or the other gender
tends to perform better. It is also reasonable to assume that where
significant differences do occur, they result from gender differences in
one or more of the factors in student backgrounds and schooling that
have consistently been found to affect achievement in mathematics.

In spite of there being few statistically significant differences in the
average achievement of girls and boys in the content areas, it is inter-
esting to look at the patterns of the differences. Consistent with the
differences in the international averages, there was a strong tendency
across the Benchmarking entities for boys to have higher average
achievement than girls in fractions and number sense, measurement,
and geometry. The results were more mixed in data representation,
analysis, and probability and in algebra.
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8th Grade Mathematics

Average Scale Scores for Mathematics Content Areas

Data Representation,

Fractions and Number Sense Measurement Analysis, and Probability
Girls Boys Girls Boys Girls Boys
Countries
United States 505 (4.5) 514 (5.0) 475 (4.0) 489 (49) a 503 (7.0) 508 (6.3)
Belgium (Flemish) * 555 (6.0) 558 (7.7) 550 (6.5) 547 (8.2) 549 (6.7) 539 (8.8)
Canada 530 (2.4) 536 (3.4) 519 (4.6) 523 (4.4) 520 (5.2) 522 (6.6)
Chinese Taipei 574 (4.9) 579 (5.2) 563 (3.3) 569 (5.2) 557 (5.5) 561 (7.9)
Czech Republic 498 (5.7) 517 (6.1) 525 (6.1) 545 (6.6) 502 (7.0) 524 (6.9)
England T 487 (6.0) 507 (5.4) 500 (6.4) 515 (5.4) 498 (6.8) 513 (10.9)
Hong Kong, SAR T 579 (4.5) 578 (6.1) 567 (5.7) 567 (7.3) 546 (5.3) 548 (7.4)
Italy 463 (6.7) 479 (4.8) 494 (5.7) 508 (5.6) 483 (7.3) 484 (6.2)
Japan 563 (3.4) 576 (4.0) 556 (3.5) 559 (3.0) 552 (5.5) 559 (3.8)
Korea, Rep. of 566 (4.3) 573 (3.3) 567 (3.8) 575 (3.2) 574 (6.2) 579 (5.4)
Netherlands 540 (7.9) 551 (7.5) 535 (7.5) 540 (6.2) 534 (10.3) 541 (8.3)
Russian Federation 510 (6.2) 516 (7.1) 524 (7.0) 529 (6.1) 502 (7.0) 501 (9.4)
Singapore 607 (6.2) 609 (6.8) 597 (7.3) 601 (9.0) 563 (6.8) 561 (8.8)
States
Connecticut 514 (7.7) 530 (9.2) 484 (9.0) 503 (8.9) 512 (10.4) 520 (10.6)
Idaho 505 (6.9) 506 (8.5) 479 (8.7) 485 (8.4) 503 (8.3) 499 (8.8)
lllinois 511 (7.0) 522 (6.6) 489 (8.3) 494 (6.4) 506 (8.1) 514 (8.2)
Indiana T 518 (7.9) 534 (8.1) 481 (7.8) 497 (8.4) 514 (8.2) 522 (6.5)
Maryland 496 (6.4) 507 (6.4) 477 (6.7) 487 (5.8) 502 (7.7) 507 (8.5)
Massachusetts 516 (6.5) 526 (5.8) 486 (7.6) 497 (7.2) 520 (7.5) 523 (6.8)
Michigan 518 (7.2) 532 (7.7) 488 (7.7) 501 (8.5) 512 (7.9) 523 (7.3)
Missouri 494 (5.1) 500 (6.2) 470 (7.6) 478 (6.8) 499 (5.7) 500 (6.8) )
North Carolina 492 (8.7) 502 (6.8) 471 (8.2) 473 (9.1) 504 (7.5) 499 (7.6) §
Oregon 518 (6.9) 524 (7.0) 497 (7.3) 503 (7.4) 516 (8.4) 516 (11.5) é
Pennsylvania 510 (5.8) 524 (56) a 482 (6.0) 497 (7.4) 508 (9.0) 513 (11.7) 9
South Carolina 506 (8.0) 512 (6.7) 473 (7.8) 477 (7.4) 508 (8.0) 506 (10.6) g
Texas 526 (8.4) 527 (10.3) 482 (8.7) 495 (10.9) 530 (9.7) 524 (12.2) L—;
Districts and Consortia 3
Academy School Dist. #20, CO 530 (3.7) 539 (4.2) 500 (4.0) 514 (5.4) 530 (4.2) 524 (5.9) @
Chicago Public Schools, IL 472 (6.3) 477 (6.5) 436 (9.8) 443 (7.3) 465 (9.5) 479 (7.9) E
Delaware Science Coalition, DE 480 (8.9) 494 (10.7) 452 (10.1) 466 (10.8) 491 (10.2) 495 (13.0) "é
First in the World Consort., IL 556 (5.5) 566 (6.3) 530 (6.7) 540 (7.8) 548 (10.3) 568 (7.4) B¢
Fremont/Lincoln/WestSide PS, NE 492 (7.1) 504 (8.0) 469 (9.0) 478 (10.2) 492 (12.5) 499 (11.7) %
Guilford County, NC 2 507 (7.8) 519 (8.2) 479 (9.4) 496 (7.6) 512 (10.8) 530 (11.2) i
Jersey City Public Schools, NJ 479 (9.4) 486 (7.8) 446 (10.8) 454 (10.4) 487 (9.8) 489 (12.0) f—Eg
Miami-Dade County PS, FL 432 (9.9) 437 (9.7) 405 (8.3) 410 (11.4) 444 (9.9) 446 (10.7) %
Michigan Invitational Group, MI 538 (5.3) 533 (5.5) 512 (7.6) 520 (8.3) 547 (10.0) 530 (6.3) E
Montgomery County, MD 2 534 (6.5) 546 (6.3) 514 (5.9) 518 (6.9) 543 (6.9) 540 (5.6) ?z
Naperville Sch. Dist. #203, IL 564 (4.9) 575 (4.1) 546 (5.0) 551 (4.5) 555 (7.7) 562 (9.3) £
Project SMART Consortium, OH 524 (8.8) 530 (8.3) 496 (8.6) 499 (8.7) 539 (10.0) 529 (9.8) ;
Rochester City Sch. Dist., NY 451 (8.2) 465 (5.9) 405 (8.2) 431 (7.7) 465 (8.0) 464 (11.4) Q
SW Math/Sci. Collaborative, PA 517 (6.4) 531 (7.5) A 487 (6.9) 502 (9.0) 513 (7.8) 524 (7.8) §
Inte(Tl?%?)ﬂ?\Itﬁ‘elgj 484 (0.9) 491 (0.9) 4 483 (1.0) 491 (1.0) a 486 (1.1) 489 (1.1)
A Significantly higher than other gender
Significance tests adjusted for multiple comparisons
States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). 2 National Defined Population covers less than 90 percent of National Desired Population (see

- . . . Exhibit A.3).
T Met quidelines for sample participation rates only after replacement schools were included (see )

Exhibit A.6). () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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(gézltti)rgtuias) Average Achievement in Mathematics Content Areas by Gender
8th Grade Mathematics
Average Scale Scores for Mathematics Content Areas
Geometry Algebra
Girls Boys Girls Boys
Countries
United States 469 (5.5) 477 (5.1) 507 (4.3) 504 (4.6)
Belgium (Flemish) u 538 (6.9) 531 (9.1) 545 (6.8) 535 (8.8)
Canada 511 (6.5) 503 (4.9) 526 (3.7) 524 (5.2)
Chinese Taipei 555 (7.1) 560 (6.8) 585 (4.5) 588 (6.1)
Czech Republic 506 (7.6) 520 (4.9) 513 (3.9) 516 (6.7)
England u 467 (4.8) 474 (6.7) 493 (6.0) 502 (5.1)
Hong Kong, SAR U 558 (6.1) 554 (6.4) 570 (4.8) 568 (5.6)
Italy 476 (8.6) 489 (5.1) 481 (5.4) 481 (4.0)
Japan 572 (5.8) 578 (5.8) 568 (4.2) 571 (3.6)
Korea, Rep. of 569 (7.3) 578 (4.8) 585 (3.7) 585 (3.9)
Netherlands ' 516 (7.0) 515 (5.2) 522 (9.3) 522 (7.4)
Russian Federation 518 (7.2) 526 (7.4) 533 (5.7) 524 (6.3)
Singapore 556 (9.2) 565 (6.5) 578 (6.7) 574 (7.9)
States
Connecticut 465 (10.5) 475 (8.8) 510 (8.4) 516 (8.9)
Idaho 462 (9.3) 468 (7.1) 504 (7.0) 496 (8.5)
lllinois 479 (8.5) 487 (9.5) 514 (7.6) 511 (5.2)
Indiana * 471 (8.9) 481 (8.0) 516 (6.7) 514 (7.0)
Maryland 462 (5.6) 471 (7.8) 499 (7.4) 500 (7.4)
Massachusetts 475 (6.0) 478 (7.1) 522 (6.0) 521 (6.2)
Michigan 480 (7.0) 493 (10.8) 517 (6.6) 523 (6.6)
Missouri 464 (7.3) 468 (8.8) 495 (6.0) 493 (5.4) )
North Carolina 473 (8.3) 478 (7.3) 512 (6.4) 507 (6.8) §
Oregon 485 (8.9) 487 (6.9) 522 (6.4) 509 (7.1) é
Pennsylvania 466 (5.9) 479 (5.5) 512 (7.2) 510 (7.1) 2
South Carolina 474 (9.8) 479 (9.1) 514 (6.4) 508 (7.0) g
Texas 484 (7.3) 489 (9.9) 514 (9.0) 514 (9.0) E
Districts and Consortia 3
Academy School Dist. #20, CO 495 (6.5) 504 (5.5) 534 (3.6) 531 (5.4) g
Chicago Public Schools, IL 457 (5.8) 456 (9.4) 475 (6.9) 473 (7.7) §
Delaware Science Coalition, DE 456 (6.3) 458 (9.1) 495 (8.5) 499 (10.0) '{'éu
First in the World Consort., IL 519 (7.2) 518 (12.5) 561 (7.6) 560 (6.3) g
Fremont/Lincoln/WestSide PS, NE 461 (6.6) 473 (8.0) 496 (8.2) 495 (8.7) %
Guilford County, NC 2 487 (8.2) 495 (9.1) 522 (7.5) 527 (6.5) S
Jersey City Public Schools, NJ 454 (10.3) 462 (7.2) 498 (8.0) 494 (7.8) Ec“
Miami-Dade County PS, FL 420 (8.8) 425 (9.3) 457 (8.1) 448 (1.7) 2
Michigan Invitational Group, MI 500 (8.9) 489 (10.2) 540 (6.6) 525 (8.8) 553
Montgomery County, MD 2 500 (8.0) 502 (5.1) 542 (5.3) 537 (6.5) -;._5
Naperville Sch. Dist. #203, IL 522 (7.3) 534 (7.4) 561 (3.7) 565 (5.4) =
Project SMART Consortium, OH 470 (9.7) 484 (10.9) 524 (7.0) 518 (9.3) ;
Rochester City Sch. Dist., NY 427 (10.7) 438 (9.5) 466 (8.5) 467 (8.0) §
SW Math/Sci. Collaborative, PA 476 (9.3) 489 (9.9) 515 (8.9) 523 (8.7) §
'“te{,{‘ﬁ‘té‘;'l‘l?,'tﬁ‘égj 485 (1.2) 489 (1.1) 489 (0.9) 485 (0.9)

A Significantly higher than other gender

Significance tests adjusted for multiple comparisons
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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.






To provide an educational context for interpreting the achievement
results of the Benchmarking participants, TiMss collected detailed
information from students about their home backgrounds, how they
spend their time, and their attitudes towards mathematics. This chapter
presents eighth-grade students’ responses to a subset of these questions.
One set addresses home resources and support for academic achieve-
ment. Another examines how much out-of-school time students spend
on their schoolwork. A third addresses students’ self-concept in mathe-
matics and their feelings towards mathematics.

In an effort to summarize this information concisely and focus atten-
tion on educationally relevant support and practice, TIMSS sometimes
has combined information from individual questions to form an index
that was more global and reliable than the component questions (e.g.,
home educational resources). According to their responses, students
were placed in a “high,” “medium,” or “low” category. Cutoff points
were established so that the high level of an index corresponds to
conditions or activities generally associated with good educational prac-
tice and high academic achievement. For each index, the percentages
of students in each category are presented in relation to their mathe-
matics achievement. The data from the component questions and more
detail about some areas are provided in the reference section of this
report (see reference section R1).

What Educational Resources Do Students Have in Their Homes?

There is no shortage of evidence that students from homes with exten-
sive educational resources have higher achievement in mathematics
and other subjects than those from less advantaged backgrounds.
TIMSS in 199r showed that this was true of students from homes with
large numbers of books, with a range of educational study aids, or with
parents with university-level education.! The TIMSS 1999 international
report presented combined student responses to these three variables
in an index of home educational resources (HER) that was clearly
related to achievement in mathematics.?

Exhibit 4.1 summarizes the home educational resources index in a two-
page display. The index is described on the first page. Students at the
high level of this index reported coming from homes with more than
100 books, with all three study aids (a computer, a study desk or table
for the student’s own use, and a dictionary), and where at least one

1 Beaton, A.E., Mullis, I.V.S., Martin, M.O., Gonzalez, E.J., Kelly, D.L., and Smith, T.A. (1996), Mathematics Achievement in the Middle
School Years: IEA’s Third International Mathematics and Science Study, Chestnut Hill, MA: Boston College.

2 Mullis, I.V.S., Martin, M.O., Gonzalez, E.J., Gregory, K.D., Garden, R.A., O'Connor, K.M., Chrostowski, S.J., and Smith, T.A. (2000),
TIMSS 1999 International Mathematics Report: Findings from IEA’s Repeat of the Third International Mathematics and Science
Study at the Eighth Grade, Chestnut Hill, MA: Boston College.
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parent finished university. Students at the low level had 25 or fewer books
in the home, not all three study aids, and parents that had not completed
secondary education. The remaining students were assigned to the
medium level.

The first page of the display also presents the percentage of students at
each level of the index for each Benchmarking participant and for
selected reference countries, together with the average mathematics
achievement for those students. Standard errors are also shown. Entities
are ordered by the percentage of students at the high index level. The
international average across all TIMSS 19gQ countries is shown at the
bottom. The second page of the display graphically shows the percentage
of students at the high index level for each entity. There was a substantial
difference in the average mathematics achievement of students at the
index levels in every entity for which data were available. This is reflected
in the international average for the TIMSS 19gg countries, where the
achievement difference between students at the high level (559) and the
low level (451) amounted to 128 score points.

Relative to other countries, the United States had a large percentage of
students at the high level of the home educational resources index (22
percent). Of the TIMSS 199g countries included in Exhibit 4.1, only
Canada had a comparable percentage of students at the high level (27
percent). The relatively high standing of the United States on this index
was reflected in the results for the Benchmarking jurisdictions, most of
which had larger percentages of students in the high category of home
educational resources than did most of the comparison countries.

The Benchmarking participants with the greatest percentages of students
at the high level included the Naperville School District (56 percent), the
First in the World Consortium (45 percent), the Academy School District
(44 percent), and Montgomery County (39 percent). Together with the
Michigan Invitational Group (29 percent), these were also among the top-
performing jurisdictions in mathematics. The four urban Benchmarking
school districts that had the lowest student achievement in mathematics —
the Jersey City Public Schools, the Chicago Public Schools, the Rochester
City School District, and the Miami-Dade County Public Schools — also
had the lowest percentages of students at the high level of the home
educational resources index (only 77 to 10 percent).

Since the association between home educational resources and mathe-
matics achievement is well documented in TIMSS and in extensive
educational research, low average student achievement in the less wealthy
areas most likely reflects the low level of educational resources in
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students’ homes. These effects can be found even when children begin
school. For example, kindergartners whose mothers have higher levels
of education are more likely to be able pass through four levels of
mathematics proficiency that involve such tasks as reading numerals,
counting, and sequencing numbers. Similarly, first-time kindergartners
whose families have not received or are not receiving welfare services
are more likely than kindergartners from families receiving welfare to
pass through the mathematics proficiency levels.?

However, since there is far from a one-to-one correspondence between
high performance and home resources, clearly other influences are
also at work. For example, Chinese Taipei had about the same
percentage of students (eight percent) at the high index level as
Rochester, Chicago, Jersey City, and Miami-Dade, but the average math-
ematics achievement of its students at that level was considerably
higher. In fact, the international average for all 38 TIMSS 19gQg coun-
tries was just nine percent. There is also evidence that financial
resources alone will not result in high academic achievement.
According to OECD analyses for 1994, U.S. schools ranked third highest
among 22 countries in per-student expenditures on primary schools
and third highest among 29 countries on secondary schools.*

Exhibits R1.1 through R1.3 in the reference section present more
detailed information on the student responses that were combined in
the home educational resources index. Exhibit R1.1 shows the
percentage of eighth-grade students in each of the Benchmarking juris-
dictions and comparison countries who had a dictionary, study desk
or table, or computer, and shows that students reporting having all
three had higher average mathematics achievement than those
without all three.

Exhibit R1.2 shows for each entity the percentage of students at each of
five ranges of numbers of books in the home in relation to average math-
ematics achievement. In most jurisdictions, the more books students
reported in the home, the higher their mathematics achievement.

The percentages of students in each of five categories of parents’
educational level are shown in Exhibit R1.3, together with their average
mathematics achievement. Although countries did their best to use
educational categories that were comparable across all countries, the
range of educational provision made this difficult. About half of the
participating countries had to modify the response options presented
to students in the questionnaire in order to conform to their national
education system. Exhibit R1.4 provides details of how these
modifications were aligned with the categories of parents’ education

3 West, J., Denton, K., and Germino-Hausken, E. (2000), America’s Kindergartners: Findings from the Early Childhood Longitudinal
Study, Kindergarten Class of 1998-99, NCES 2000-070, Washington, DC: National Center for Education Statistics.

4 Fducation at a Glance: OECD Indicators (1997), Paris, France: Organization for Economic Cooperation and Development. The
OECD adjusted the expenditure estimates for the purchasing power of each country’s currency.

text continue
on page 114
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Index of Home Educational Resources (HER)

112

8th Grade Mathematics

High Medium Low
Index qf Home HER HER HER
Educational
Percent of Average Percent of Average Percent of Average
Resources Students  Achievement Students  Achievement Students Achievement

Naperville Sch. Dist. #203, IL 56 (1.3) 583 (3.5) 43 (13) 553 (3.3) 0(0.2) ==
Index based on students’ First in the World Consort., IL 45 (2.5) 580 (7.2) 53 (2.5) 546 (6.1) 2 (0.3) ~ o~
responses to three questions Academy School Dist. #20, CO 44 (16) 550 (3.1) 55 (1.6) 513 (2.6) 1(03) -~
?(Es%%tr?eosT:u?gll)Jec?g?Eiloks Montgomery County, MD 39 (2.5) 578 (5.8) 59 (2.4) 515 (3.9) 2 (0.8) ~ ~
in the home; educational aids Michigan Invitational Group, MI 29 (2.6) 557 (8.5) 70 (2.6) 523 (5.8) 1(0.3) ~~
in the home (computer, study Connecticut 29 (2.8) 554 (9.4) 68 (2.5) 499 (8.0) 3 (0.8) 426 (10.2)
desk/table for own use, Oregon 28 26) 556 (5.9) 68 2.6) 502 (5.5) 3(06) 421 (15.4)
dictionary); parents’ Canada 27 (10) 552 (4.1) 71 (10) 525 (22) 2(02) -~
education (see reference o
exhibits R1.1-R1.3). High level Michigan 27 29) 557 (7.8) 71 27) 505 (6.3) 2 (0.5) > @
indicates more than 100 Guilford County, NC 26 (2.0) 558 (9.2) 72 (1.7) 499 (7.6) 3 (0.4) 451 (16.0)
books in the home; all three Maryland 26 (2.0) 544 (6.4) 71 (1.8) 481 (5.9) 3 (0.5) 415 (13.2)
educational aids; and either Massachusetts 2521  555(66) 72018 502 (58 3(06) 449 (14.0)
parent’s highest level of . .
education is finished SW Math/Sci. Collaborative, PA 25 (2.8) 560 (9.5) 72 29 505 (6.8) 3(0.8) 441 (16.2)
university. Low level indicates Fremont/Lincoln/WestSide PS, NE 24 (1.7) 528 (11.1) 72 (1.7) 477 (8.7) 3(0.4) 424 (15.7)
25 or fewer books in the Indiana 23 (2.6) 553 (7.9) 74 (2.4) 506 (6.3) 3 (0.5) 442 (9.2)
home; not all three Pennsylvania 2 27) 549 9.7) 75 (26) 498 (4.8) 2 (0.4) ~~
educational aids; and both Delaware Science Coalition, DE 22 (26) 538 (102) 75 (2.4) 466 (7.1) 3(09 406 (16.2)
parents’ highest level of )
education is some secondary United States 22 (15) 555 (5.1) 73 (1.4) 492 (3.1) 405 427 (6.4)
or less or is not known. Illinois 2 27) 562 (6.5) 74 26) 498 (6.0) 40.7) 438 (1.6)
Medium level includes all Project SMART Consortium, OH 22 (23) 557 (11.0) 76 (2.1) 513 (6.5) 2 (0.5) ~~ _
°$her possible Combfi"ations Texas 2108 581 (6.6) 70 1) 512 80) 9(6)  42(114 §
gnggiﬁ’coRT_T%gfi b Idaho 21018 53267 74016 492 (65) 5(0) 403132 2
definitions of educational Missouri 17 (1.4) 527 (85) 79 (1.4) 485 (5.0) 4005 43409 -
levels; response categories South Carolina 17 (1.6) 560 (8.4) 79 (1.6) 493 (7.3) 4 (0.6) 439 (7.1) g
were defined by each country North Carolina 16 (19) 546 (94) 81 (16) 489 (59) 4(06) 42108 E
to conform to their own Korea, Rep. of 14 (08) 637 (2.8) 80 (0.8) 583 (1.9) 503 51350 2
educational system and may ) &
not be strictly comparable Czech Republic 13 (0.8) 560 (6.8) 83 (0.8) 517 (3.9) 4(05) 460 (11.3) %
across countries. Chicago Public Schools, IL 10 (2.4) 489 (12.0) 81 (1.8) 463 (5.3) 9 (1.4) 432 (9.4) K
Miami-Dade County PS, FL 10 2.2) 505 (165) 80 23) 419 (8.4) 11(14) 367 (128) B
Netherlands 9(1.1) 575 (10.4) 89 (1.1) 538 (7.1) 2 (0.8) > 8
Russian Federation 9(0.8) 560 (83) 86 (0.7) 527 (5.9) 605 474 (126) £
Rochester City Sch. Dist., NY 8(1.5 497 (188) 82 (1.4) 445 (5.5) 10 (0.9) 416 (7.9) §
Belgium (Flemish) 8 (0.7) 599 (6.5) 86 (1.3) 559 (3.9) 6 (1.3) 490 (11.7) =
Chinese Taipei 8(0.7) 666 (7.2) 84 (0.7) 586 (3.6) 8(0.6) 502 (66) =
Jersey City Public Schools, NJ 7(12) 514 (186) 82 (1.3) 477 (8.5) 11010  440@89 &
Italy 606 528 (7.3) 81 (0.8) 484 (3.7) 14 (0.8) 434 (6.4) ?E
Singapore 5(0.7) 663 (10.00 87 (0.6) 605 (6.0) 8(0.7) 552 (7.3) E
Hong Kong, SAR 3(03) 612 (88) 78 (0.8) 586 (4.2) 19 (09) 566 5.2) =
England - - - - - - %
Japan - - - - - - - - - - - - 2
International Avg. 9(00) 55923  72(02) 487 (08) 19 (02) 431 (1.2)

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.
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(All Countries)

A dash (-) indicates data are not available. A tilde (~) indicates insufficient data to report achievement.
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.
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used in this report. Despite the different educational approaches, struc-
tures, and organizations across the TIMSS 19gQ 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 go 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 4.4 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, go 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.



There was a pronounced relationship between race/ethnicity and
mathematics achievement, with Asian/Pacific Islander students having
the highest average achievement, followed by white, Hispanic, and
black students. This pattern was found for many of the Benchmarking
participants. Because minority students are often concentrated in
urban schools, the resource disparities between urban and non-urban
schools summarized in the introduction to this report are particularly
troubling in light of the persistent achievement gaps between many
minority and non-minority students.

Among Benchmarking states, Maryland, North Carolina, and South
Carolina had more than go percent black students, and Texas more than
g0 percent Hispanic. Racial composition varied even more among the
Benchmarking districts and consortia. Predominantly white jurisdictions
included the Academy School District, the Fremont/Lincoln/Westside
Public Schools, the Michigan Invitational Group, Naperville, and the
Southwest Pennsylvania Math and Science Collaborative, with more
than 8o percent white students. Ethnically more diverse jurisdictions
included Chicago (47 percent black, g7 percent Hispanic), Jersey City
(35 percent black, g5 percent Hispanic, 16 percent Asian/Pacific
Islander), Miami-Dade (g1 percent black, 55 percent Hispanic),
Montgomery County (16 percent black, 12 percent Hispanic, 15
percent Asian/Pacific Islander), and Rochester (56 percent black, 16
percent Hispanic).

By the end of the eighth grade, students in most countries can say what
their expectations are for further education. Although one-quarter or
more of the students in some countries did not know, Exhibit 4.5 shows
that, on average across countries, more than half the students reported
that they expected to finish university (a four-year degree program or
equivalent). The United States was among the countries that had the
highest percentage, with almost 8o percent expecting to finish univer-
sity. In almost every country, also, there was a positive association
between educational expectations and mathematics achievement.
Among Benchmarking participants, the percentage of students
expecting to finish university was also high, even in areas with low
student achievement, as more than 70 percent of students in all
Benchmarking entities reported that they expected to finish university.

Exhibits R1.5 to R1.7 in the reference section present eighth-grade
students’ reports about how they, their mothers, and their friends feel
about the importance of doing well in various academic and non-
academic activities. On average across the TIMSS 1ggQ countries, more
than go percent of students reported that they and their mothers
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agreed that it was important to do well in mathematics, science, and
language. Somewhat fewer reported that their friends agreed (7777 to 86
percent). As might be anticipated, slightly more students reported that
they and their friends felt it was important to have fun (g2 percent) than
reported that their mothers found this important (85 percent). More
moderate agreement was reported for the importance of doing well in
sports (from 81 to 87 percent). In general, the reports of students in the
Benchmarking jurisdictions resembled those in the United States overall.
It is noteworthy, however, that students in the U.S. and in many
Benchmarking jurisdictions were less likely than their counterparts inter-
nationally, on average, to report that their friends think it is important to
do well in mathematics, science, and language, and were more likely to
report that they, their mothers, and their friends think it is important to
have fun.

Students were also asked why they needed to do well in mathematics (see
Exhibit R1.8). In most entities, getting into their desired secondary
school or university was a stronger motivating factor than was pleasing
their parents or getting their desired job.



Students Having a Computer at Home

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
lllinois
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)

Background data provided by students.

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

Have Computer at Home

Percent of Average
Students Achievement
80 (1.2) 515 (3.8)
86 (1.0) 564 (3.5)
85 (0.8) 536 (2.5)
63 (1.0) 605 (3.9)
47 (1.2) 536 (4.8)
85 (0.8) 503 (4.1)
72 (1.3) 589 (4.0)
63 (1.0) 488 (4.1)
52 (0.9) 592 (2.3)
67 (0.9) 600 (1.8)
96 (1.0) 542 (7.3)
22 (1.2) 531 (6.5)
80 (1.3) 614 (6.1)
88 (1.7) 521 (8.4)
82 (2.1) 505 (6.6)
80 (2.1) 521 (6.7)
81 (1.5) 523 (7.2)
86 (1.4) 504 (5.9)
87 (1.6) 520 (5.7)
85 (1.7) 526 (6.6)
76 (1.8) 501 (5.2)
74 (1.8) 507 (7.2)
86 (1.7) 524 (5.4)
83 (2.0) 516 (6.0)
75 (2.2) 514 (7.2)
73 (3.3) 540 (7.5)
96 (0.5) 531 (1.9)
61 (1.7) 471 (7.0)
82 (1.6) 489 (9.3)
96 (0.6) 563 (5.7)
81 (1.6) 500 (8.8)
81 (1.6) 524 (7.5)
58 (2.3) 488 (11.8)
66 (2.8) 438 (10.7)
89 (1.6) 538 (5.6)
91 (1.4) 546 (3.8)
98 (0.4) 570 (2.8)
83 (1.2) 527 (8.3)
61 (2.3) 451 (8.0)
82 (1.9) 528 (6.6)
45 (0.2) 509 (1.1)

8th Grade Mathematics

Do Not Have Computer at

Home
Percent of Average
Students Achievement
20 (1.2) 459 (4.7)
14 (1.0) 523 (7.4)
15 (0.8) 505 (4.5)
37 (1.0) 552 (4.4)
53 (1.2) 506 (4.7)
15 (0.8) 466 (6.2)
28 (1.3) 566 (5.8)
37 (1.0) 465 (4.2)
48 (0.9) 566 (2.3)
33 (0.9) 561 (3.0)
4 (1.0 513 (11.1)
78 (1.2) 525 (6.4)
20 (1.3) 567 (7.3)
12 (1.7) 449 (9.3)
18 (2.1) 452 (9.2)
20 (2.1) 464 (6.4)
19 (1.5) 479 (7.2)
14 (1.4) 442 (7.4)
13 (1.6) 469 (8.0)
15 (1.7) 468 (9.9)
24 (1.8) 456 (6.7)
26 (1.8) 461 (6.3)
14 (1.7) 457 (7.0)
17 (2.0) 466 (7.4)
25 (2.2) 465 (8.3)
27 (3.3) 464 (9.3)
4 (0.5) 484 (10.8)
39 (1.7) 450 (5.9)
18 (1.6) 438 (9.2)
4 (0.6) 476 (14.5)
19 (1.6) 435 (12.1)
19 (1.6) 469 (9.6)
42 (2.3) 459 (5.4)
34 (2.8) 391 (8.0)
11 (1.6) 486 (10.4)
9 (1.4) 458 (7.1)
2 (0.4) ~~
17 (1.2) 489 (6.6)
39 (2.3) 440 (6.6)
18 (1.9) 468 (10.5)
55 (0.2) 470 (0.8)

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.

TIMSS 1999

| ( Benchmarking

Boston College

() 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.
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Frequency with Which Students Speak Language of the Test at Home

TIMSS 1999

| ( Benchmarking

Boston College

8th Grade Mathematics

Always or Almost Always Sometimes
Percent of Average Percent of Average Percent of
Students Achievement Students Achievement Students
Countries
United States 90 (1.0) 509 (3.8) 9 (1.0 456 (8.2) 1(0.1)
Belgium (Flemish) 86 (1.3) 566 (3.2) 8 (0.7) 531 (8.0) 6 (0.9)
Canada 91 (0.6) 532 (2.5) 8 (0.5) 523 (6.6) 2 (0.2)
Chinese Taipei 67 (1.4) 606 (3.9) 31 (1.3) 545 (5.3) 2 (0.2)
Czech Republic 98 (0.5) 523 (4.0) 1(0.3) ~ ~ 1(0.2)
England 95 (0.9) 500 (4.2) 5 (0.8) 471 (12.1) 0 (0.1)
Hong Kong, SAR  r 80 (2.4) 571 (4.5) 17 (1.9 600 (8.5) 3 (0.5)
Italy 77 (1.1) 493 (3.5) 20 (1.0) 434 (5.6) 4 (0.5)
Japan 97 (0.3) 581 (1.8) 3 (0.3) 532 (11.5) 0 (0.1)
Korea, Rep. of 96 (0.3) 589 (2.0) 4 (0.3) 545 (4.9) 0 (0.0)
Netherlands 86 (2.4) 544 (7.8) 8 (1.2) 529 (9.0) 6 (1.8)
Russian Federation 94 (2.3) 527 (5.9) 5(2.3) 527 (36.9) 1(0.2)
Singapore 27 (1.8) 629 (7.1) 63 (1.6) 595 (6.4) 10 (0.5)
States
Connecticut 90 (1.4) 517 (8.8) 8 (1.4) 472 (13.4) 2 (0.3)
Idaho 92 (1.4) 501 (6.7) 7(1.3) 430 (13.3) 1(0.3)
lllinois 91 (1.3) 515 (6.6) 8 (1.2) 471 (10.1) 1(0.2)
Indiana 96 (0.6) 518 (7.1) 3 (0.5 477 (15.8) 1(0.3)
Maryland 91 (0.8) 497 (5.9) 8 (0.7) 493 (10.2) 1(0.3)
Massachusetts 88 (1.6) 518 (5.7) 10 (1.4) 493 (11.7) 2 (0.3)
Michigan 96 (0.6) 520 (7.2) 3 (0.4) 484 (13.2) 1(0.2)
Missouri 95 (0.6) 494 (5.5) 4 (0.5) 453 (11.5) 1(0.2)
North Carolina 96 (0.5) 498 (7.0) 3 (0.4) 471 (13.2) 1(0.2)
Oregon 92 (1.1) 520 (5.9) 7 (0.9) 456 (12.0) 1 (0.4)
Pennsylvania 95 (1.1) 510 (6.3) 5 (0.9 472 (13.7) 1(0.3)
South Carolina 97 (0.4) 504 (7.7) 2 (0.4) ~ ~ 0 (0.2)
Texas 82 (2.9) 532 (8.4) 17 (2.8) 464 (10.6) 1(0.4)
Districts and Consortia
Academy School Dist. #20, CO 93 (0.8) 531 (2.0) 6 (0.7) 507 (12.5) 1(0.3)
Chicago Public Schools, IL 77 (4.7) 464 (6.5) 21 (4.6) 461 (8.8) 2 (0.7)
Delaware Science Coalition, DE 91 (0.9) 485 (9.0) 6 (0.9) 454 (13.7) 3 (0.5)
First in the World Consort., IL 85 (1.3) 564 (5.9) 14 (1.3) 531 (7.8) 1(0.3)
Fremont/Lincoln/WestSide PS, NE 92 (1.1) 493 (8.9) 7 (0.9) 447 (10.0) 1(0.3)
Guilford County, NC 95 (0.7) 516 (7.3) 4 (0.7) 500 (16.4) 1 (0.5)
Jersey City Public Schools, NJ 74 (1.5) 474 (9.3) 26 (1.4) 485 (9.1) 1(0.3)
Miami-Dade County PS, FL 59 (4.1) 428 (9.2) 36 (3.6) 420 (11.4) 5 (0.8)
Michigan Invitational Group, MI 96 (0.6) 535 (6.1) 3 (0.5) 509 (22.7) 1(0.3)
Montgomery County, MD 83 (1.9) 544 (4.0) 15 (2.0) 512 (10.4) 2 (0.6)
Naperville Sch. Dist. #203, IL 93 (0.5) 570 (2.9) 6 (0.6) 573 (7.6) 1(0.2)
Project SMART Consortium, OH 95 (0.9) 523 (7.7) 4(0.7) 485 (11.4) 1(0.3)
Rochester City Sch. Dist., NY 86 (1.3) 450 (6.7) 13 (1.1) 437 (8.2) 2 (0.6)
SW Math/Sci. Collaborative, PA 98 (0.4) 518 (7.2) 1(0.3) ~~ 1(0.2)
International Avg. 79 (0.3) 493 (0.8) 17 (02) 466 (2.3) 5 (0.1)

(All Countries)

Background data provided by students. A tilde (~) indicates insufficient data to report achievement.

States in jtalics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). An "r" indicates a 70-84% student response rate.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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TIMSS 1999
Students’ Race/Ethnicity | SC Benchmarking

Boston College
8th Grade Mathematics

White Black Hispanic
Percent of Average Percent of Average Percent of Average
Students Achievement Students Achievement Students Achievement
States

Connecticut 74 (4.5) 533 (6.8) 10 (3.0) 432 (12.5) 9(2.2) 451 (13.5)

Idaho 83 (2.0) 506 (6.5) 1(0.3) ~ o~ 10 (1.7) 432 (8.9)

lllinois 65 (3.4) 533 (5.3) 17 2.9 449 (7.8) 12 2.3) 462 (10.3)

Indiana 83 (2.3) 525 (7.2) 10 (2.2) 438 (6.5) 3 (0.6) 493 (11.9)

Maryland 55 (4.2) 521 (4.7) 30 (3.9) 438 (7.0) 4 (0.6) 487 (12.8)

Massachusetts 74 (3.4) 524 (5.1) 7 (1.6) 464 (20.4) 8 (1.4) 464 (11.0)

Michigan 82 (3.4) 532 (5.9) 10 (3.4) 418 (9.5) 3 (0.6) 481 (15.6)
Missouri 78 (3.2) 505 (4.9) 15 (3.1) 426 (12.3) 2 (0.4) ~ ~ )
North Carolina 62 (3.5) 521 (6.7) 31 (3.2) 447 (71.9) 3 (0.5) 474 (14.1) §
Oregon 80 (1.9) 523 (5.4) 1 (0.5) ~~ 8 (1.1) 452 (13.6) é
Pennsylvania 78 (4.5) 519 (5.6) 12 (3.7) 446 (16.8) 3(1.3) 476 (7.1) 9
South Carolina 63 (4.0) 533 (6.0) 32 (4.0) 446 (7.0) 1(0.4) ~~ g
Texas 47 (5.2) 562 (5.0) 13 (2.5) 464 (16.7) 32 (4.7) 476 (8.6) i
Districts and Consortia 3
Academy School Dist. #20, CO 82 (1.0) 535 (2.4) 3 (0.5) 484 (15.7) 7 (0.6) 496 (8.7) g
Chicago Public Schools, IL 1 (3.2 499 (12.5) 47 (10.6) 447 (8.4) 37 (8.9) 468 (10.0) §
Delaware Science Coalition, DE 63 (2.3) 501 (9.3) 24 (2.0) 435 (6.2) 5(0.7) 465 (12.4) r‘%
First in the World Consort., IL 74 (1.8) 564 (5.6) 1(0.3) ~ 7 (0.8) 478 (5.0) 4
Fremont/Lincoln/WestSide PS, NE 83 (1.6) 498 (8.1) 3 (0.8) 437 (28.6) 4 (0.7) 404 (14.6) g
Guilford County, NC 57 (2.1) 544 (6.8) 35 (2.3) 463 (8.6) 2 (0.5) ~ ~ %
Jersey City Public Schools, NJ 7 (0.9) 513 (14.7) 35 (1.7) 442 (1.7) 35 (1.1) 474 (6.4) Eg
Miami-Dade County PS, FL 7 (2.5) 501 (24.8) 31 (5.6) 381 (11.5) 55 (6.8) 438 (8.5) %
Michigan Invitational Group, MI 88 (1.2) 534 (6.0) 4 (1.0) 473 (14.5) 1 (0.5) ~ ~ 5
Montgomery County, MD 50 (2.7) 564 (6.2) 16 (1.3) 482 (9.3) 12 (1.8) 480 (13.0) -T;
Naperville Sch. Dist. #203, IL 82 (1.0) 569 (2.6) 1(0.4) ~~ 2 (0.5) ~~ E
Project SMART Consortium, OH 79 (1.9) 530 (8.4) 10 (1.5) 476 (5.5) 4 (0.7) 475 (12.5) =
Rochester City Sch. Dist., NY 16 (2.2) 504 (12.0) 56 (2.6) 428 (6.1) 16 (1.7) 443 (6.5) Q
SW Math/Sci. Collaborative, PA 87 (2.9) 526 (6.9) 10 (2.6) 440 (11.9) 1(0.3) ~~ §

United States 63 (2.4) 525 (4.6) 15 (1.9) 444 (5.5) 12 (1.6) 457 (6.4)

Background data provided by students. () Standard errors appear in parentheses. Because results are rounded to the nearest whole number,

PP . ) o . . some totals may appear inconsistent.
States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). ¥ app

Atilde (~) indicates insufficient data to report achievement.
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(z:ltti)r:tuiaﬁ Students’ Race/Ethnicity
8th Grade Mathematics
'I:\sian/ American Ind.ian/ Other
Pacific Islander Alaskan Native
Percent of Average Percent of Average Percent of Average
Students  Achievement  Students  Achievement  Students  Achievement
States
Connecticut 2 (0.4) ~~ 0(0.2) ~ o~ 4 (0.6) 481 (13.8)
Idaho 2 (0.5) ~ o~ 2 (0.5) ~~ 2 (0.3) ~ ~
Illinois 4 (0.9) 544 (11.9) 0 (0.2) ~~ 2 (0.4) ~ ~
Indiana 2 (0.4) ~ 1(0.3) ~ ~ 2 (0.4) ~
Maryland 5 (0.6) 551 (7.0) 1(0.2) ~ ~ 5 (0.6) 511 (12.5)
Massachusetts 5 (0.8) 559 (19.8) 1(0.2) ~~ 5 (0.8) 490 (13.4)
Michigan 2 (0.3) ~~ 1(0.2) ~~ 3(0.3) 490 (14.1)
Missouri 1(0.3) ~ ~ 1(0.4) ~ ~ 3 (0.4) 450 (15.3) )
North Carolina 103) . 1(0.4) > 2 (0.4) S 8
Oregon 4 (0.7) 531 (10.0) 3 (0.5) 482 (11.7) 4 (0.5) 517 (10.0) é
Pennsylvania 3 (1.4) 526 (17.1) 1(0.2) ~ ~ 3 (0.5) 512 (12.1) E
South Carolina 1(0.2) ~~ 1(0.2) ~~ 2.(0.3) = §
Texas 4 (1.4) 569 (24.1) 1(0.1) ~ ~ 3 (0.4) 515 (16.7) i
Districts and Consortia §
Academy School Dist. #20, CO 4 (0.6) 527 (10.7) 1(0.3) ~ o~ 4 (0.5) 511 (12.1) g
Chicago Public Schools, IL 2 (1.0 ~ ~ 1(0.2) ~ ~ 2 (0.5) ~ ~ ;‘j
Delaware Science Coalition, DE 2 (0.6) ~~ 1(0.2) ~~ 5 (0.9) 475 (13.6) g
First in the World Consort., IL 15 (1.7) 591 (11.4) 1(0.4) ~ o~ 2 (0.8) ~~ 8
Fremont/Lincoln/WestSide PS, NE 3 (0.5 476 (17.6) 2 (0.4) ~~ 5 (0.9) 475 (19.3) %
Guilford County, NC 4(04) 529 (142) 1(02) . 2 (0.5) .- g
Jersey City Public Schools, NJ 16 (1.7) 533 (16.2) 0 (0.2) ~ ~ 7 (0.8) 504 (16.5) =
Miami-Dade County PS, FL 2 (0.6) ~ ~ 1(0.1) ~ ~ 5(1.1) 426 (24.1) %
Michigan Invitational Group, MI 3 (0.5) 580 (16.4) 0 (0.2) ~~ 3 (0.3) 533 (19.2) é
Montgomery County, MD 15 (1.4) 564 (6.7) 1(0.2) ~~ 6 (0.8) 535 (14.3) {3
Naperville Sch. Dist. #203, IL 12 (0.8) 599 (5.9) 0 (0.1) ~~ 3 (0.5 549 (8.6) E
Project SMART Consortium, OH 3 (0.5) 550 (23.1) 1(0.2) ~ ~ 3 (0.7) 519 (15.8) =
Rochester City Sch. Dist., NY 3 (0.5) 500 (22.4) 2 (0.5) ~ ~ 7 (1.0 465 (13.3) %
SW Math/Sci. Collaborative, PA 1 (0.4) ~ ~ 0 (0.1) ~ ~ 2 (0.4) ~ ~ 2
United States 5(1.3) 539 (10.7) 1(0.2) ~ ~ 4 (0.3) 496 (9.5)

TIMSS 1999

| ( Benchmarking

Boston College
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Students’ Expectations for Finishing School*

Some Vocational/

i . . Technical
Finish University? Education or
University Only?2
Percent of Average Percent of Average
Students  Achievement  Students  Achievement
Countries
United States 78 (1.2) 516 (3.8) 9 (0.6) 466 (5.1)
Belgium (Flemish) 26 (1.1) 605 (6.4) 30 (0.9) 563 (3.8)
Canada 76 (0.9) 539 (2.6) 13 (0.6) 522 (4.7)
Chinese Taipei 62 (1.4) 624 (3.7) 24 (1.0) 527 (3.0)
Czech Republic 38 (1.8) 564 (4.1) 5 (0.6) 542 (7.1)
England - - - --
Hong Kong, SAR 63 (1.7) 601 (3.8) 20 (0.9) 562 (4.9)
Italy 33 (1.3) 517 (4.1) 19 (0.9) 487 (4.4)
Japan 38 (0.9) 614 (2.7) 18 (0.6) 564 (2.6)
Korea, Rep. of 77 (0.7) 605 (1.9) 8 (0.4) 521 (4.2)
Netherlands 22 (2.8) 582 (9.6) 30 (1.8) 549 (5.7)
Russian Federation 61 (1.5) 547 (5.4) 19 (1.0) 505 (6.1)
Singapore 57 (2.1) 625 (6.1) 26 (1.6) 576 (5.5)
States
Connecticut 80 (1.6) 524 (9.5) 8 (1.0) 468 (10.8)
Idaho 72 (2.0) 511 (6.3) 11 (0.9) 480 (8.5)
lllinois 81 (1.2) 521 (7.1) 9 (0.8) 465 (7.6)
Indiana 79 (1.6) 527 (6.6) 9 (0.9) 471 (8.1)
Maryland 80 (1.2) 506 (6.6) 9 (0.7) 456 (8.4)
Massachusetts 78 (1.5) 526 (5.9) 10 (0.6) 477 (8.3)
Michigan 83 (1.1) 527 (7.4) 7 (0.7) 473 (9.3)
Missouri 72 (1.5) 504 (5.8) 12 (0.9) 468 (6.5)
North Carolina 79 (1.5) 508 (7.4) 9 (0.7) 455 (6.5)
Oregon 76 (1.9) 529 (5.9) 10 (0.9) 485 (9.1)
Pennsylvania 77 (1.4) 518 (6.8) 9 (0.7) 478 (8.6)
South Carolina 80 (1.3) 519 (8.1) 9 (0.8) 437 (7.8)
Texas 80 (2.0) 534 (7.9) 7 (0.8) 459 (10.8)
Districts and Consortia
Academy School Dist. #20, CO 83 (1.1) 537 (2.1) 5 (0.6) 482 (11.4)
Chicago Public Schools, IL 74 (1.8) 474 (6.7) 11 (0.8) 434 (10.1)
Delaware Science Coalition, DE 74 (2.2) 498 (9.0) 11 (0.8) 444 (8.6)
First in the World Consort., IL 92 (1.1) 564 (5.4) 3 (0.8) 494 (12.1)
Fremont/Lincoln/WestSide PS, NE 74 (2.3) 506 (8.8) 7 (1.1) 442 (19.1)
Guilford County, NC 89 (1.5) 521 (7.4) 5 (0.9) 460 (13.4)
Jersey City Public Schools, NJ 80 (1.6) 485 (9.7) 8 (0.9) 443 (10.4)
Miami-Dade County PS, FL 76 (2.4) 440 (8.8) 10 (1.3) 372 (11.6)
Michigan Invitational Group, MI 80 (2.1) 543 (5.2) 9 (1.6) 503 (9.0)
Montgomery County, MD 85 (1.0) 547 (4.1) 6 (0.9) 472 (12.7)
Naperville Sch. Dist. #203, IL 94 (0.8) 572 (2.8) 3 (0.5) 532 (10.8)
Project SMART Consortium, OH 81 (2.1) 533 (7.9) 8(1.1) 468 (9.1)
Rochester City Sch. Dist., NY 76 (1.6) 455 (6.5) 9 (1.1) 421 (14.6)
SW Math/Sci. Collaborative, PA 80 (2.1) 528 (6.6) 8 (0.8) 476 (10.0)
'"‘e(’;\‘;tc"(’)'l‘j‘;‘]'tﬁ‘ég)' 52(03) 517 (08) 17 (01) 469 (1.0)
Background data provided by students. 2
* Response categories were defined by each country to conform to their own educational system and 3

may not be strictly comparable across countries. See Reference Exhibit R1.4 for country definitions of

educational levels.

T In most countries, finish university is defined as completion of at least a 4-year degree program at a

university or an equivalent institute of higher education. For the United States, includes community

college, college, or university.

122 Chapter

8th Grade Mathematics

Finish Secondary Some Secondary

School Only3 School Only Don't Know

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

5 (0.4) 426 (6.2) 1(0.1) ~~ 7 (0.5) 474 (5.9)
6 (0.9) 509 (4.5) 0 (0.0) ~~ 29 (1.0) 544 (2.9)
4(0.3) 482 (1.7) 1(0.1) ~~ 7 (0.6) 497 (6.0)
2 (0.3) ~~ 0 (0.1) ~~ 11 (0.6) 534 (7.2)
9 (1.5) 4% (3.3) 8 (1.0) 452 (7.1) 10 (0.8) 493 (7.6)
10 (0.8) 529 (7.7) 1(0.2) ~~ 6 (0.4) 562 (6.8)
1(1.1) 463 (4.0) 7 (0.6) 396 (104) 9(0.7) 461 (8.7)
18 (0.7) 532 (3.0) 1(0.1) ~~ 25 (0.7) 572 (3.1)
4(0.3) 500 (6.3) 0 (0.1) ~~ 11 (0.5) 551 (4.3)
9 (2.6) 507 (9.0) 1(0.2) ~~ 18 (0.9) 533 (8.1)
7 (0.5) 481 (104) 2 (0.5) ~~ 11 (0.7) 49 (7.8)
2 (0.3) ~~ 0 (0.0) ~~ 15 (0.7) 587 (8.2)
4 (0.5) 441 (8.8) 1(0.2) ~~ 7 (0.8) 483 (8.9)
7 (0.9) 425 (8.9) 1(0.2) ~~ 9 (0.9) 458 (10.9)
4(0.7) 443 (9.3) 0 (0.1) ~~ 6 (0.6) 487 (9.1)
4 (0.6) 449 (13.1)  1(0.2) ~~ 7(0.7) 486 (13.3)
4 (0.5) 415 (9.6) 1(0.2) ~~ 6 (0.6) 481 (7. )
5 (0.7) 429 (11.3)  1(0.1) ~~ 6 (0.7) 493 (7.7
3 (0.4) 454 (11.0) 1 (0.1) ~~ 6 (0.5) 483 (14. 0)
8 (0.8) 426 (8.2) 1(0.2) ~~ 7 (0.6) 468 (7.6)
6 (0.7) 432 (8.8) 1(0.1) ~~ 4(0.4) 461 (10.4)
5 (0.8) 439 (7.8) 1(0.2) ~~ 9 (0.9) 472 (10.5)
5 (0.6) 448 (10.2) 1 (0.1) ~~ 7 (0.6) 481 (9. )
6 (0.6) 415 (8.6) 0 (0.1) ~~ 5 (0.5) 458 (9.8
6 (1.3) 427 (16.4) 1 (0.3) ~~ 6 (0.7) 492 (15. 7)
3 (0.4) 463 (12.5) 1 (0.3) ~~ 8 (0.9) 512 (8.5)
8 (1.2) 414 (8.4) 1(0.3) ~~ 6 (0.9) 456 (14.7)
7(1.1) 417 (125) 1 (0.4) ~~ 7 (1.0) 431 (8.9)
1(0.5) ~~ 0(0.2) ~~ 4(0.8) 540 (19.3)
5(1.3) 404 (9.7) 1(0.2) ~~ 12 (1.4) 458 (12.4)
3(0.8) 419 (152)  0(0.3) ~~ 3 (0.6) 481 (16.3)
6 (0.8) 442 (13.4) 0 (0.0) ~~ 6 (0.8) 439 (17.1)
6 (0.7) 361 (13.1) 1 (0.2) ~~ 7 (1.0) 365 (18.8)
5(0.7) 459 (11.0) 1 (0.3) ~~ 5(0.8) 495 (16.8)
2 (0.3) ~~ 1(03) ~~ 7 (0.6) 521 (9.5)
1(03) ~~ 0 (0.1) ~~ 3 (0.5) 519 (17.4)
4(0.8) 469 (11.2) 1 (0.3) ~~ 7(0.8) 479 (9.3)
7 (0.9) 392 (16.1) 1 (0.3) ~~ 8 (1.0) 436 (13.0)
5 (0.5) 450 (12.5) 0 (0.1) ~~ 7(1.2) 478 (12.4)

15 (0.2) 442 (1.0) 3 (0.1) 390 (3.1) 14 (0.1) 462 (1.1)

In some countries, may include higher post-secondary education levels.

In most countries, finish secondary school corresponds to completion of an upper-secondary
track terminating after 11 to 13 years of schooling (ISCED level 3 vocational, apprenticeship or
academic tracks).

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

TIMSS 1999
Benchmarking
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SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.



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, TimMSs constructed an
index of out-of-school study time (0sT) 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, 48 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 24 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
spending on mathematics homework is presented in Exhibit 4.7. The
results reveal that while students on average across all the TIMSS 1999
countries spent 1.1 hours per day doing mathematics homework, students
in most of the Benchmarking jurisdictions and the United States spent
somewhat less. The exhibit also shows the percentages of students that
reported spending one hour or more, less than one hour, and no time at
all studying mathematics or doing mathematics homework on a normal
school day, together with their average mathematics achievement. On
average across all countries, 40 percent of students reported spending
one hour or more per day doing mathematics homework. None of the
Benchmarking states reported this much homework, but three school
districts did — the Academy School District (41 percent), the Chicago
Public Schools (48 percent), and the Jersey City Public Schools (44
percent). The next highest levels of mathematics homework were
reported in Illinois, North Carolina, Guilford County, the Miami-Dade
County Public Schools, and Montgomery County, where g0 percent or
more of students reported spending one hour or more. At least 20
percent of the students in Missouri, Texas, and the Project SMART
Consortium reported spending no time at all doing mathematics home-
work on a normal school day.

Further detail on the student data that underlie the out-of-school study
time index appears in Exhibit R1.g in the reference section. In compar-
ison with the approximately one hour each day spent on mathematics
homework, the TIMSS 19gQg countries on average reported 2.8 hours of
homework in total. None of the Benchmarking jurisdictions reached this
level, the highest being 2.7 hours in Chicago and Jersey City, and the
lowest 1.8 hours in Texas, the Fremont/Lincoln/Westside Public Schools,
and Project SMART. To provide a fuller picture of how students spend
their out-of-school time on a school day, Exhibit R1.10, also in the refer-
ence section, gives students’ reports on how they spend their daily leisure
time. The two most popular activities internationally were watching televi-
sion or videos and playing or talking with friends (each about two hours
per day). Among Benchmarking participants, students generally reported
spending a little more time on these activities and on sports, and less time
reading for enjoyment. For example, in the four jurisdictions with the
lowest average mathematics achievement — the public school systems of
Jersey City, Chicago, Rochester, and Miami-Dade — students reported
watching television or videos for about three to three and one-half hours
(as well as playing computer games for about one hour).



Exhibits 4.6-4.7
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TIMSS 1999

Index of Out-of-School Study Time (OST) | S C Benchmarking
Boston College
High Medium Low
Index of osT osT osT
Out-of-School
Study Time Percentof ~ Average  Percentof  Average  Percentof  Average
Students  Achievement  Students  Achievement Students  Achievement
Singapore 59 (12) 608 (5.8) 35 (0.9) 609 (7.4) 7(06) 559 (10.2)
Index based on students’ Italy 58 (1.3) 489 (4.1) 36 (1.2) 487 (4.6) 6 (0.6) 405 (9.1)
responses to three questions Russian Federation 48 (13) 540 (4.7) 46 (12) 532 (7.0) 6(0.6) 479 (93)
fikr’:;tt?rﬁ:g:;?‘;?:;:gfgo ol Belgum (Flemish) 41 (13) 554 (33) 52 (1.1) 571 3.8) 700 517 (164)
studying mathematics or Jersey City Public Schools, NJ 37 2.4) 489 (10.5) 47 (1.8) 479 (8.9) 16 (1.7) 452 (8.7)
doing mathematics Chicago Public Schools, IL 37 1) 469 (72) 51 (1.6) 468 (6.1) 12 (12) 451 (11.6)
homework; time spent after Academy School Dist. #20, CO 34(13) 538 (32) 55 (1.4) 533 (3.0) 11(09) 501 (6.4)
Zﬂ}ﬁ;';;‘:&gEg;cés\:‘;ri;‘fgme  Montgomery County, MD 28 (14) 551 (85) 57 23) 547 (4.3) 15 (15) 496 (6.7)
spent after school studying or First in the World Consort., IL 27 (2.4) 551 (7.6) 61 (2.2) 566 (6.5) 12 (1.1) 549 (11.7)
doing homework in school Guilford County, NC 26 (1.6) 507 (7.4) 62 (1.9) 522 (8.7) 12 (1.0) 498 (14.3)
subjects other than Naperville Sch. Dist. #203, IL 25 (1.4) 568 (5.2) 63 (1.7) 574 (3.4) 12 (0.9) 560 (7.9)
mathematics and science (see Miami-Dade County PS, FL 25 (15 420 (127) 51 (13) 436 (9.6) 24 (24) 405 (8.0)
reference exhibit R1.9).
Number of hours based on: Massachusetts 25 (1.7) 515 (6.8) 62 (1.6) 526 (5.9) 13(12) 469 (8.2)
no time = 0, less than 1 hour Illinois 25 (1.6) 505 (8.7) 58 (12) 518 (7.1) 17 (1.4) 501 (6.1)
=0.5, 1-2 hours = 1.5, Canada 24 (08) 516 (3.5) 59 (1.0) 540 (2.8) 18 (0.8) 528 (4.1)
3-5 hours = 4, more than 5 Connecticut 24 (11) 506 (9.8) 62 (1.7) 528 (8.9) 15 (15) 474 (7.9)
&osrg :hgnkilf?rr;:eereou:sdlcates North Carolina 23 (12 490 (7.9) 57 (13) 510 (7.1) 19 (1.6) 469 (8.0)
studying all subjects Rochester City Sch. Dist., NY 23 (1.8) 450 (8.9) 56 (23) 458 (6.9) 2122 422 92)
combined. Medium level Chinese Taipei 23 (1.0) 625 (45) 4 (08) 602 (3.9) 35 (13) 542 (4.4)
indicates more than one hour United States 22 (0.8) 508 (4.8) 56 (0.9) 517 (4.1) 23 (1.3) 477 (3.9)
"Ok;‘,hree h°“tr)§ Stgdying ?” | South Carolina 21 (13) 488 (93) 57 (1)  518(76) 22 (1.4) 4% 87) @
IS: d{s;'zsc?)?e Ir?guF (I)ﬂ’;sseve Michigan 20 (1) 516 83) 59 (1.0) 527 (7.1) 20 (13) 499 87) é
studying all subjects Maryland 20 (1.0) 501 (82) 60 (13) 506 (5.6) 20013 466 (76) =
combined. Oregon 19 (1.1) 524 (8.1) 55 (15) 526 (5.6) 2507 49165 3
Netherlands 19 (14) 521 (115) 74 (13) 548 (6.5) 700 529128 &
Missouri 18 (15) 485 (7.0) 54 (15) 499 (6.0) 28 (16) 480 (63) 3
Texas 18 (14) 527 (12.0) 49 2.2) 532 (7.4) 33 (26) 506 (106) &
Delaware Science Coalition, DE 18 (1.0) 474 (10.9) 58 (2.1) 500 (9.3) 24 (19) 450 (7.9) E
Pennsylvania 17 (1.9) 496 (8.4) 59 (2.0) 521 (5.1) 24 (1.9) 490 (8.1) -,%
Indiana 17 (13) 510 (83) 58 (15) 526 (7.1) 25 (20) 500 (84) I
Idaho 17 (13) 490 (8.6) 55 (1.9) 509 (6.4) 28 (1) 47906) €
Project SMART Consortium, OH 17 (1.0) 515 (9.2) 58 (12) 532 (7.8) 26 (1.6) 503 (9.0) §
Japan 17 (09) 586 (2.9) 49 (0.9) 587 (2.1) 33013 56461
Michigan Invitational Group, Ml 17 (1.1) 535 (11.9) 63 (1.8) 539 (4.1) 20 (1.9) 512 (10.0) %
Hong Kong, SAR 16 (0.8) 600 (5.3) 42 (09 59 (3.9) 4 (14 564 (50 5
Czech Republic 16 (1.1) 500 (5.7) 62 (1.4) 527 (47) 213 51965 3
Fremont/Lincoln/WestSide PS, NE 16 (1.8) 480 (10.1) 54 (1.6) 510 (7.7) 30 2.2) 464 (11.4) E
Korea, Rep. of 16 (0.7) 612 (43) 43 (07) 601 (2.5) 41 (1.00 565 (2.5) =
SW Math/Sci. Collaborative, PA 15 (1.1) 506 (6.9) 61 (1.6) 528 (7.0) 24 (1.9) 499 (10.7) §
England == == == == == == §

International Avg.
(All Countries)

States in italics did not fully satisfy guidelines for sample participation rates (see Appendix A for details). A dash (-) indicates data are not available.

() Standard errors appear in parentheses. Because results are rounded to the nearest whole number,
some totals may appear inconsistent.
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Exhibit 4.6
(Continued)

Index of Out-of-School Study Time (OST)

Boston College

8th Grade Mathematics

SOURCE: IEA Third International Mathematics and Science Study (TIMSS), 1998-1999.
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Total Amount of Out-of-School Time Students Spend Studying Mathematics or
Doing Mathematics Homework on a Normal School Day
8th Grade Mathematics

ne Hour Less Than .
?)reMo(:lel Oe:: Hoa:lr DTS
Percent of Average Percent of Average Percent of Average
Students Achievement Students Achievement Students Achievement
Countries
United States 27 (1.1) 505 (4.5) 58 (0.7) 514 (4.0) 15 (1.1) 466 (4.8)
Belgium (Flemish) 47 (1.2) 550 (3.1) 50 (1.0) 573 (3.7) 3 (0.8) 476 (21.2)
Canada 28 (1.0) 510 (3.3) 61 (1.0) 542 (2.8) 11 (0.8) 527 (5.2)
Chinese Taipei 25 (1.0) 627 (4.7) 44 (0.8) 604 (3.5) 31 (1.3) 529 (4.8)
Czech Republic 20 (1.1) 493 (5.2) 68 (1.3) 528 (4.6) 12 (1.0) 525 (9.2)
England - -- -- -- -- -
Hong Kong, SAR 24 (1.1) 600 (4.8) 51 (0.9) 591 (3.9) 25 (1.2) 552 (6.1)
Italy 57 (1.3) 482 (4.0) 39 (1.2) 488 (4.5) 5 (0.5) 400 (9.5)
Japan 20 (0.9) 585 (2.5) 54 (0.9) 586 (2.0) 26 (1.2) 558 (3.8)
Korea, Rep. of 21 (0.9) 610 (4.1) 45 (0.7) 598 (2.0) 34 (1.0) 560 (2.6)
Netherlands 14 (1.5) 507 (12.2) 78 (1.3) 546 (6.7) 8 (1.1) 559 (14.0)
Russian Federation 45 (1.5) 530 (5.2) 49 (1.3) 537 (6.7) 6 (0.5) 483 (10.0)
Singapore 61 (1.1) 604 (5.7) 34 (1.0) 612 (7.6) 5 (0.5) 562 (10.7)
States
Connecticut 27 (1.1) 504 (9.6) 61 (1.5) 526 (9.1) 12 (1.2) 468 (9.2)
Idaho 25 (1.6) 494 (9.4) 56 (2.0) 508 (6.3) 19 (1.8) 464 (9.9)
lllinois 32 (1.5 501 (9.9) 56 (1.2) 520 (6.7) 12 (1.0) 487 (5.5)
Indiana 24 (1.8) 512 (8.9) 58 (1.5) 526 (6.8) 17 (1.7) 485 (8.4)
Maryland 25 (1.1) 496 (7.8) 61 (1.6) 503 (6.2) 14 (1.3) 460 (8.6)
Massachusetts 27 (1.4) 507 (6.2) 62 (1.4) 525 (5.7) 10 (1.0) 466 (9.8)
Michigan 26 (1.6) 521 (8.2) 60 (1.2) 525 (7.5) 13 (1.4) 478 (7.9)
Missouri 23 (2.1) 489 (9.0) 55 (1.9) 500 (5.5) 22 (1.4) 468 (5.8)
North Carolina 30 (1.6) 494 (8.8) 59 (1.3) 506 (6.6) 11 (1.0 449 (8.8)
Oregon 26 (1.5) 526 (7.2) 59 (1.2) 520 (5.6) 15 (1.1) 480 (6.9)
Pennsylvania 21 (1.9) 500 (10.6) 64 (1.4) 518 (5.5) 16 (1.5) 479 (7.2)
South Carolina 28 (1.3) 495 (8.8) 58 (1.0) 517 (7.6) 14 (1.2) 463 (8.8)
Texas 27 (2.0) 534 (10.3) 51 (1.5) 530 (8.0) 22 (2.3) 486 (11.3)
Districts and Consortia
Academy School Dist. #20, CO 41 (1.6) 536 (3.5) 50 (1.4) 533 (3.2) 9 (0.7) 483 (7.0)
Chicago Public Schools, IL 48 (