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Foreword

The Third International Mathematics and Science Study (TIMSS), the most extensive
international educational comparison ever done, contains a wealth of information about how U.S.
students perform in these two critical areas and how various aspects of our educational system
affect their performance. Whether the messages from TIMSS spur genuine education reform will
depend in large part on the actions of policymakers and educators at the local, state, and national
levels.

To explore the policy implications of TIMSS, the National Institute on Educational
Governance, Finance, Policymaking, and Management of the Office of Educational Research and
Improvement (OERI) in the U.S. Department of Education, and the Consortium for Policy
Research in Education (CPRE), held a TIMSS Policy Forum in Washington, D.C. on October 6
and 7, 1997. Thisforum brought together a diverse group of TIMSS researchers, state and local
policymakers, teachers, school administrators, mathematics and science specialists, business
representatives, university educators, and federal officials. Participants discussed what TIMSS
means for systemic education reform and identified several future directions for policy decisions
and policy research.

This policy brief synthesizes the presentations and discussions that occurred during the
TIMSS Policy Forum. It also draws from the TIMSS reports of the National Center for

Education Statistics (NCES) and from papers prepared by researchersinvolved in TIMSS.
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Executive Summary
The Third International Mathematics and Science Study is arigorous research effort that
examined student performance in 41 nations at 3 grade levels. Unlike past international studies,
TIMSS not only shows how well U.S. students perform compared with their internationa peers,
but also analyzes curriculum and teaching practices in various countries to explain why our
students perform as they do. TIMSS includes the following messages about education reform and
future education policy:
We need to make dramatic improvements in student achievement, especially in middle
schools and high schools. U.S. students don't start out behind; they fall behind. U.S.
fourth-grade students are among the very best in the world in science and above the
international average in math. But by high school our students score near the bottom of
TIMSS nations in both subjects--alarming news for a nation that wants to remain aworld
economic leader.
The U.S. math and science curriculum lacks rigor, focus, and coherence. According
to TIMSS, many middle school students in the United States are still doing elementary
arithmetic and introductory science while their international counterparts are studying
algebra, geometry, physics, and chemistry. By the senior year of high school, many of our
students have stopped taking math and science altogether. And while other countries
focus on alimited number of critical topics, curriculum in the United States emphasizes
breadth over depth, providing students with superficial exposure to many topics but

mastery of none.



U.S. teachers demand less high-level thought of their math students than teachersin
Germany and Japan. TIMSS videotapes of real classrooms show how differently math is
taught in these three countries. The main goal in the United States is to teach students
how to do various procedures, while in both Japan and Germany teachers are much more
likely to develop concepts and procedures rather that merely state them, resulting in what
experts describe as higher quality teaching in those countries than in the United States.
Unlike in Japan, in the United States education reformerstry to change teaching
through indirect means, rather than by focusing on improving the quality of classroom
lessons. In Japan, classroom lessons are highly valued, crafted with greater care, and
seldom interrupted. Japanese teachers use collaborative study groups to critique and
continually improve their classroom lessons. To make time for this formal planning,
Japanese teachers have much larger classes. Most American teachers do not have these

built-in opportunities for collaborative analysis and improvement.

TIMSS provides the impetus for states and school districts to think about where their
students stand according to international, not just state or local benchmarks, and to identify
subjects, grades, and areas where they need to do better. This process can be eye-opening for
complacent communities that think their students are “good enough,” or for low-performing
schools that have along way to go to prepare their students for a global labor market. The
TIMSS Policy Forum participants came to the following conclusions about the possible

implications of TIMSS for American education.



All levels of government have important rolesin systemic school improvement. Even
TIMSS countries with highly centralized systems use both "top down" and "bottom up"
strategies to achieve educational goals--for example, by setting curriculum goals nationally
and determining teaching methods locally. In the decentralized U.S. system, school
improvement can best be accomplished through combined actions at the local, state, and
national levels. Local educators could determine the most effective instructional strategies
for their students and design systems that hold people accountable for high student
performance. States could lead reforms of curriculum and teacher preparation. The
federal government could disseminate information about a range of effective strategies for
reform, which states and districts could adopt or adapt.

New approaches to curriculum reform are needed. Copying the curriculum of other
countries is not the answer. Rather, the United States must develop curricular aternatives
that fit our pluralistic system and tradition of dispersed control. We could develop new
structures for better coordinating curriculum across states and districts and for making
difficult choices about which topics are most important and which can be eliminated.
TIMSS can be a tool for professional development. American teachers can use TIMSS
to analyze and improve their own practices--for example, by watching videos of other
teachers teaching or by taking TIMSS test items themselves. TIMSS has aso identified
interesting models for professional development, such as the Japanese lesson study

groups. Changing instruction in the United States not only will require new methods of
teacher preparation and professional development, but also may require new approaches

to school organization, time, and teacher duties.



TIMSS can help rally public support for school improvement. Presenting TIMSS
findingsin a clear and engaging format can help policymakers, parents, educators, and the
public understand why our students need to do better in science and math. For example,
showing parents sample items from the TIMSS test or screening classroom videotapes can
illustrate quite vividly what U.S. students know and how U.S. teachers teach compared

with their counterparts in other countries.

Most TIMSS countries have reached a national consensus about standards for
curriculum and instruction. The move toward state standards in the United Statesis a
promising way to give more focus to education reform while still respecting our
decentralized system. But standards-based reform could compound our curricular
problems if states adopt a wide range of content standards that are not high by
international benchmarks, or are not concrete enough to be useful to teachers. States and
local standards may be more effective if they identify alimited number of topicsto be
taught and provide guidance on the best ways to teach them.

TIMSS offers a productive way of comparing the U.S. education system with those of
other countries. TIMSS has gone well beyond "horse-race" comparisons. It provides us
with the basis for examining our assumptions about education and the socia and cultura
underpinnings of those assumptions. By reflecting on these international comparisons, it
will allow those trying to improve education a better grasp of the problems to be

overcome.



A global economy demands international benchmarks. The U.S. Department of
Education has developed a “toolkit” of written and video materials that communities can
use to measure their students' achievement against the international benchmarks of
TIMSS and learn more about curriculum and instructional practices associated with high

performance (see below).

For Further Information

Additiona information, sample test items, and other TIMSS resources are available from
two of the Department of Education’s web sites at http://nces.ed.gov/ITIMSY and
http: //mww.ed.gov/inits/Math or from the Eisenhower National Clearinghouse Web site at
http://timss.enc.org. New information is being added to these sites on a ongoing basis so they are
an excellent source of the latest developments relating to TIMSS. Additionally, the Department
has a TIMSS Customer Service Hotline to answer questions at (202) 219-1333. Interested
persons can obtain copies of the TIMSS reports and a TIMSS Resource Kit through these Web
sites, or from the Superintendent of Documents, P.O. Box 371954, Pittsburgh, PA 15250;
telephone (202) 512-1800, fax (202) 512-2250. Detailed technical information about the TIMSS
data and methodology is available from the TIMSS International Study Center, CSTEEP, School
of Education, Boston College, Chestnut Hill MA 02167; telephone (617) 552-4521, fax (617)
552-8419, Internet http://wwwesteep.bc.edu. Contact information for participants in the National

Ingtitute’ s Policy Forum can be found at the end of this report.



What TIM SS Says About Student Achievement

The Third International Mathematics and Science Study (TIMSS) is the largest, most
comprehensive, and most rigorous international comparison of education ever done. In 1995,
TIMSS tested the mathematics and science knowledge of half a million students at 3 different
grade levelsin 41 countries. Participating countries had to follow strict quality control
procedures to ensure that samples of students accurately represented each nation's student
population, that tests were properly monitored, and that comparisons were fair. The 8th-grade
results were released in November 1996, the 4th-grade results in June 1997, and the 12th-grade
results in February 1998.

TIMSS represents a great stride forward in international comparative research. It givesa
more complete and accurate picture than any previous study of how American students perform
compared with their peers in Japan, Germany, England, Canada, Russia, Korea, and many other
countries. Through a close examination of curriculum and instruction, TIMSS aso provides new
information about why our students perform as they do. To understand the curriculum asit is
intended to be taught, TIMSS researchers studied curricular frameworks, textbooks, and other
materials of participating nations and surveyed their educational authorities. To understand the
curriculum as it is actually taught, TIMSS researchers surveyed teachers and students and
conducted classroom observations. An integral part of TIMSS research was a videotape study of
real teachers teaching eighth-grade mathematics in the United States, Japan, and Germany. These
230 hours of videotaped lessons offer an unprecedented inside look at instructional practicesin

different countries.



In short, TIMSS has collected a wealth of information with significant implications for
educators, policymakers, and anyone else interested in school reform. TIMSS can help the United
States address fundamental issues about what our students are learning, what our teachers teach
and how they teach relative to other countries, and how we can improve instruction for all our
students.

In order to use TIMSS to guide improvement at the state and local level, policymakers
and educators must first understand what TIM SS says about science and mathematics
achievement for the whole nation. The genera story of TIMSS isthat U.S. students start out
performing at high levels in fourth grade, but by the time they approach high school graduation
they are performing at unacceptably low levels in both science and math.

The best performance for U.S. students came from our fourth graders. On the fourth-
grade TIMSS test administered in 26 countries, U.S. students scored near the top in science and
above the international average in mathematics (NCES, 1997). In science, our fourth-graders
were outperformed only by Korea, while 5 other countries scored in the same statistical range as
the United States. In mathematics, 7 countries scored above our fourth-graders, while 6 werein
the same range, and 12 scored below.

On the eighth-grade TIMSS assessment, U.S. students scored somewhat above the
international average in science and somewhat below average in mathematics (Peak, 1996). Our
eighth-grade science scores are in the same range as those of Germany, England, Canada, and
Russia In eighth-grade math, the United States outperformed only seven other countries, none of

which is amajor economic competitor. Five high-performing nations--Singapore, Japan, Korea,



the Czech Republic, and Hungary--did better than the U.S. eighth-graders in both science and
math.

On the 12th-grade TIMSS assessment, U.S. students performed among the lowest of the
21 participating nations on tests of general knowledge in science and math (NCES, 1998). Only
Cyprus and South Africa scored significantly lower than the United States on these general tests.
In science, our 12th-grade scores were in the same overall range as those of seven other
countries, including Italy, Germany, France, and Russia, while in math our scores were about the
same as those of four other countries, among them Italy and Russia. (The Asian nations chose
not to participate in the 12th-grade study.) The TIMSS study also gave tests in physics and
advanced mathematics (pre-calculus and beyond) to students who had studied these subjects. On
these tests, the advanced U.S. 12th-graders performed among the lowest of the TIMSS nations.

TIMSS aso shows how well students perform in various content areas of math and
science (Peak, 1996; NCES, 1998; NCES, 1997). For example, U.S. students do relatively well
in earth science and life science at both the 4th- and 8th-grade level (the 12th-grade test did not
break-out resultsin thisway). U.S. eighth-graders are lagging in geometry, which most of them
have not studied yet, and in chemistry and physics topics. And the results of the advanced 12th-
grade tests suggest that even our best students are weak in physics and in calculus, geometry,
equations, and functions.

Two main messages emerge from these results. First, U.S. students don't start out behind;
they fall behind (Schmidt et al, 1996). U.S. fourth-graders do well in math, and in science they
are close to achieving the Governors goal of being first in the world--the National Education

Goa many people thought would be hardest to reach when it was set in 1989. But then



achievement drops considerably across the grades in both subjects, so by 12th-grade our students
are performing near the lowest performing nations. In fact, the United States isthe only TIMSS
nation that went from above average in math in fourth grade to below average in eighth grade.

The second key message of TIMSS isthat by the time our students compl ete their formal
secondary schooling, they are not achieving at the international standards demanded by a global
labor market. Our relatively poor performance in 12th-grade math and science is particularly
disappointing for a country that aims to be aworld economic leader.

The TIMSS student achievement data can help give nationa urgency and focusto U.S.
school improvement efforts. We clearly need to make dramatic, rapid, and fundamental
improvements in math and science education, particularly in our middle schools and high schools.

We need to have higher expectations of our students and better prepare them to meet these

expectations. These and other policy implications are explored in more detail below.

Using TIMSSto Benchmark State and L ocal Achievement
Although comparisons give an indispensable globa dimension to performance information,
they are by no means the only, or even the most important, contribution of TIMSS. If state and
local educators focus only on the "horse race" aspect of the TIMSS data, they will missits true
value for benchmarking--namely, what states and districts do with the information. Countries like
Japan that rank near the top of the TIMSS nations use international data to find areas for further
improvement, rather than basking in their accomplishments. The U.S. educational system does

not have this same concept of continuous improvement, partly because we lack a sense of what



the gradations of quality are and partly because we do not have incentives and support structures
that encourage students, teachers, and schools to become better and better.

One basic use of TIMSS at the state and local level is as abenchmark. States and school
districts can use TIMSS to help determine how well their own schools and students perform by
international standards in mathematics and science and where they need to improve.

Some states and school districts have gone the full route of administering actual TIMSS
tests to representative samples of their students, at their own expense and by arrangement with
the U.S. Department of Education. The state of Missouri, for example, has administered the
TIMSS tests to a sample of 3,000 students. The First in the World Consortium, a group of 20
high-achieving school districtsin lllinois, has undertaken an ambitious benchmarking effort by
giving the TIMSS tests to a statistically valid sample of Consortium student (Paul Kimmeman,
West Northfield School District #31, Illinois; David Kroeze, Northbrook School District #27,
lllinois, TIMSS Policy Forum).

After receiving the preliminary achievement data, the First in the World Consortium
decided to expand the project by contracting for curriculum and videotape analyses patterned
after the TIMSS model. The districts hope to use these data to identify areas where they need to
do better and to engage educators, parents, students, and community in a process of continuous
improvement. The process designed by the Consortium has four basic components: (1)
devel oping a common, coherent vision; (2) using data as a vehicle for inquiry and self-reflection;
(3) encouraging professional mastery and sustained professional development; and (4)

collaborating with other school districts, universities, research centers, and additional partners.
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A district does not have to go through the full route of testing and analysisin order to use
TIMSS as a catalyst for local introspection. The Department of Education has developed afive-
part TIMSS "toolkit" to help districts through the benchmarking and improvement process
(OERI, 1997). The “Guide” to the kit outlines its contents and how they might be used. The
“Education” module of the kit is intended to provide educators, parents, policymakers, and
concerned citizens with an overview of the TIMSS findings. It includes summaries of the main
TIMSS reports, an introductory video, and a guide for local discussion. It is meant to serve asa
kind of "medical alert" that will wake up complacent communities who think their schools are
good enough just because they're as good as the neighboring district's (Lois Peak, NCES; and
Kroeze, TIMSS Policy Forum).

The “Achievement” module of the toolkit takes users through a "diagnosis’ phase. Itis
intended to help educators use TIMSS items, in conjunction with their own assessment results, to
reflect on how their students measure up by international standards (Peak, TIMSS Policy Forum).

This module includes in-depth student achievement data from the TIMSS nations, as well as
actual items from the TIMSS tests. For communities and parents that are accustomed to seeing
their children score above average on norm-referenced tests, this type of analysis can spur them to
think in terms of what their children do and do not know, and what they can and cannot do.

The final two modules of the TIMSS toolkit help educators research "treatment options"
by making them aware of instructional and curriculum practices in other countries. The
“Teaching” module includes videotaped excerpts of lessons from the TIMSS video study;
transcripts, notes, and discussion guides to accompany the taped lessons; and excerpts from

mathematics standards produced by the National Council of Teachers of Mathematics (NCTM) in
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the United States and the Japanese Ministry of Education. The “Curricula” module contains a
guidebook to help people analyze their own curriculum and compare it with other international
and national approaches, so they can decide directions for curricular and instructional reform.
Some states and districts are already engaged in data-driven benchmarking and
introspection, similar to the process laid out in the TIMSS toolkit. When educators deeply
analyze student achievement data, they may come across surprises, both positive and negative.
Vermont, for example, was compelled to ask hard questions about the impact of its new portfolio
assessment program when data showed that |ess than one-fourth of the participating students had
met the state standards for problem solving (Marjorie Petit, Vermont Department of Education,
TIMSS Policy Forum). In some schools with fully implemented portfolios, no student met the
standard. These results were particularly disconcerting because strengthening students' problem-
solving was a primary goal of the state reforms. When state officials delved into samples of
student work from the portfolios they found that many teachers did not fully understand what a
substantive problem was, and therefore were not adequately teaching problem solving or higher
math. Many Vermont schools and districts have responded by providing teachers with
professional development to build a deeper understanding of problem-solving in math. Thus,
although the Vermont data did not show positive results, something positive came out of it: state
and local educators identified a problem with teachers' knowledge and took steps to addressit.
TIMSS can be an effective tool for using achievement data to benchmark progress and
drive school improvement. Several large urban systems are using a model of a data-driven
improvement process for urban schools which includes the following five components. (1) student

outcome data (such as disaggregated student test scores and graduation rates) and staff data (such
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as staff attendance, involvement in professional development, and preparation in various content
areas); (2) information on parents involvement in activities that support education; (3)
information about special programs currently operating at the school level; (4) school-community
partnerships; and (5) information on grant writing (Sharon Johnson-Lewis, Council of the Great
City Schools, TIMSS Policy Forum). The TIMSS findings can provide an international

benchmark for these schooals.

What TIM SS Says About Equity Issues
The TIMSS data suggest that the enormous diversity of the U.S. educational system is
not areason or excuse for our low average performance. However, currently available analyses
do raise questions about the practice of tracking students. TIMSS data will eventually enable us
to address other equity issues. More detailed analyses relating to critical equity issues have yet to
be done on the TIMSS data, including analyses that will shed light on comparative distributions of
achievement and the relationship between poverty and achievement in the TIMSS nations.

The United Statesis unique, for the first eight grades of schooling, in its practice of
tracking students into different math and science courses or content based on past performance or
perceptions of ability. Even anation like Germany, which formally tracks students into different
kinds of schools, till requires all students to study basically the same content; the main difference
is how deeply they go into various subjects.

By 12th grade, many US. students have stopped taking mathematics and science
altogether. Only 66 percent of U.S. graduating seniors were currently taking math, compared

with an average of 79 percent in other TIMSS nations; the same trend was aso apparent in
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science. Consequently, many U.S. students--including college-bound students--graduate without
four years of secondary level math and science, and without exposure to physics, calculus, and

other rigorous content that their international peers are getting (NCES, 1998).

Using TIMSS Datato Inform Equity | ssues

Low-performing students in the United States are often concentrated in cities and other
high-poverty districts. Many urban districts have a high proportion of students performing below
the United States average and well below the level demanded in agloba economy. In the Boston
Public Schools, for example, 81 percent of eighth-graders scored at the lowest level on a national
standardized achievement test, meaning that they had not reached the basic level of performance
(Marydlen Donahue, Boston Public Schools, TIMSS Policy Forum). TIMSS international
comparisons are nevertheless relevant in these very diverse districts, because their students must
compete in the same global labor market as other students, and educational quality is a key factor
that companies consider when deciding where to locate.

The TIMSS data, along with urban districts own benchmarking data, suggest the need for
special improvement strategies for high-poverty districts with below-average achievement levels.
Magjor improvements in student achievement in these districts are unlikely to happen without
investments in capacity building (Donahue, TIMSS Policy Forum). Generaly, these systems
enroll very high percentages of low-income children and children with limited English proficiency,
have high student mobility, and have difficulty hiring and keeping good teachers. Additiona
resources are needed to recruit appropriately certified teachers, provide professiona development,

and do other kinds of capacity building.
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What TIMSS Says About Curriculum

What happens in schools really does matter. That is the key message from the TIMSS

studies of curriculum and instruction (Schmidt et al, 1996; Schmidt and Valverde, 1997).
TIMSS found no single "magic bullet" that is universally associated with high or low achievement
across the countries. Rather, differences in national performance appear to be connected to what
schools teach and how they teach it. What schools teach is delineated in standards, curricula, and
textbooks. Fortunately, these are areas that can be influenced by educational policy.

TIMSS performance data contradict the common public perception that American
students have not grasped "basics' like arithmetic. The problem instead is that many are not
learning the kinds of advanced mathematics and science that form the new basics in the global
arena. The TIMSS studies point to the need for all U.S. students to learn more demanding
content, taught in depth as they progress through the grades.

Curriculum in American schools lacks coherence, focus, and rigor compared with that of
other countries. The United States has a notably fragmented vision of math and science, while
other countries have a clear and unitary voice about what is expected.

Most state curriculum frameworks in the United States demand breadth over depth,
calling for many more topics and skills to be taught in a given year than other countries expect.
At each of thefirst eight grades, our states have more topics in the average mathematics
framework than three-quarters of the TIMSS countries. In science the problem is not as extreme,
although we still try to cover numerous topics. Teachers respond to these demands by giving
superficial coverage to as many topics as they can, seldom spending enough time on any one topic

to allow students to achieve mastery.
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The United States also has a problem with packaging and sequencing curriculum.

Subjects are taught in an episodic way, skipping from topic to topic with little relationship from
week to week or year to year. Topics like basic arithmetic skills are repeated in grade after grade,
well into the middle school grades. In most other countries, by contrast, instruction is
concentrated on afew related topics for a meaningful period of time. Then instruction movesin
sequence to a set of different topics that builds on what students presumably have already learned.
Asanillustration of this difference, the top-achieving TIMSS countries introduce an average of
20 new math or science topics with an intense focus between fourth and eighth grade; U.S.
schools seldom give this kind of focus to any new math or science topic in these years (Schmidt
and Valverde, 1997).

The U.S. curriculum is also less demanding than that of other TIMSS countries,
particularly in the "wasteland" of the middle school years. While most U.S. middle school
students are revisiting elementary school arithmetic and introductory science, their counterparts in
the rest of the world are moving into algebra and geometry, and physics and chemistry. By eighth
grade, U.S. students are out of synch with other nations, and there we stay through high school.
The TIMSS video study videotaped el ghth-grade math lessons three countries. The average level
of mathematics actually taught varied significantly: in the United States it approximated a mid-
seventh-grade level; in Germany it was a mid-eighth-grade level; and in Japan a beginning ninth-
grade level (James Hiebert, University of Delaware, TIMSS Policy Forum).

The content in the TIMSS 12th-grade general knowledge tests in mathematics and science
isintroduced later in the United States than it isin other TIMSS countries, on average (NCES,

1998). American 12th-graders spend limited time studying advanced mathematics, even when it
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isavailable. A relatively low proportion of U.S. students receive at least 5 hours per week of
advanced math instruction. The countries with higher proportions of students receiving advanced
instruction tended to do better on TIMSS (NCES, 1998).

U.S. textbooks mirror the incoherence, fragmentation, and lack of rigor found in the
curriculum. No other country includes as many topics in its textbooks as we do. The textbooks
used by American fourth-graders run an average of 530 pages in math and 397 pages in science,
compared with an international average of 170 pages in math and 125 pages in science (Schmidt
and Vaverde, 1997).

How did we arrive at thiskind of curriculum? Control of curriculum in the United States.
is dispersed among local, state, and federal governments and other less official actors. Anyone
with a strong idea and a political constituency can successfully add something to the curriculum.
Textbooks and packaged curricular materials constitute yet another "hidden" curriculum that is
not accountable to the public. The problem is that no one has the courage to take anything away

or keep out counterproductive ideas (ElImore, 1997).

Using TIMSSto Inform Changesin Curriculum
The findings suggest directions for changesin U.S. curriculum policies. As astarting
point, we need more focus, coherence, and rigor in our curriculum. Higher performance
expectations for students and by students, especially during the middle school and high school
years, are needed to alter course-taking patterns.
We cannot solve our curriculum problems by ssimply moving upper-grade courses or

advanced topics to lower grades or merely insisting that students take more of what is currently
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available. Rather, curriculum reform means redefining content, grade by grade, to ensure
coherent transitions from simple to more complex content and skills. It may also mean organizing
topicsin adifferent way.

Every national context is different, and similar curricula play out in different waysin
various nations, states, and classrooms. Merely emulating the curriculum practices of other
countries is not an effective strategy for the United States. Rather, we should apply the new
knowledge about curriculum from TIMSS to develop new alternatives that fit our own context.
The process of reforming curriculum should include strategies for monitoring how students and
parents respond to innovations. In the past, some educators have pushed curriculum innovations
like whole language to an extreme before we really knew which aspects worked and which did
not. And they lost public support in the process (Richard EImore, Harvard University, TIMSS
Policy Forum).

Implementing these changes will require policymakers to make some difficult choices,
such as deciding which topics are most important, which can be eliminated, and what should be
done for students who do not learn the content at the time it is offered. Making these changes
will necessitate discussions across grades and across levels of government. Right now the United
States does not have professional or policy structures that encourage these kinds of
conversations--suggesting we may have to create them.

While focus, coherence, and rigor in curriculum appear to be necessary conditions for
raising math and science achievement, these characteristics alone cannot guarantee high

achievement. The curriculum sets the stage for good instruction (Schmidt and Valverde, 1997).
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What TIMSS Says about Instruction and Professional Development

Most of the rich details about comparative instructional practices come from the TIMSS
videotape studies. This research shows how differently eighth-grade math is taught in the United
States, Germany, and Japan (Stigler and Hiebert, 1997a; 1997b). In the United States, and to
some extent in Germany, teachers usually teach a math lesson by explaining atopic and
demonstrating a procedure. Then the students practice solving problems while the teacher goes
around the room helping those who are having trouble. Problems that are not done by the end of
class are often assigned as homework.

In Japan, students spend less time practicing routine procedures and more time anayzing
and proving than their American counterparts. A typica lesson in Japan focuses on just one or
two carefully selected problems, and forms a complete story with a beginning, middle, and end.
Students work on a challenging problem for part of the class period, then share their solutions.
The Japanese teacher uses lecture and demonstration to highlight important aspects of the
students' solutions or to show another solution. Before the end of class, the teacher summarizes
the main point of the day.

Thisis not to suggest that Japanese teachers are less active or directive than United States
or German teachers. After allowing students time to struggle with challenging problems, they
often follow up with direct explanations and summaries of what students have learned. Seventy-
one percent of Japanese lessons contained at least some lecturing, compared with only about 15
percent of U.S. and German lessons. Japanese teachers also control the direction of the lesson in
subtle ways, such as selecting an opening problem that can be solved by modifying a method

developed during the previous lesson (Stigler and Hiebert, 1997b).
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The TIMSS studies al so asked content experts to judge the instructional quality of the
taped lessons. None of the U.S. videotaped |essons were judged to be of high quality. For
example, one indicator of quality is whether students engage in mathematical reasoning, such as
doing mathematical proofs. Sixty-two percent of the Japanese lessons, 21 percent of the German
lessons, and none of the American lessons contained instances of this type of reasoning.

Another gauge of quality iswhether key mathematical concepts and procedures are
devel oped through examples, demonstrations, and discussions, or whether they are ssimply stated
by the teacher. For example, one teacher might state that the area of aright triangle is calculated
by following a specific formula, %2 base x height. Another might develop this procedure by
showing how the formula can be derived by combining two trianglesto form arectangle. In
German and Japanese lessons, math concepts and procedures were generally well developed; in
U.S. lessons, these concepts were usually just stated and not devel oped.

How do Japanese teachers generate high-quality lessons? First, the Japanese educational
system takes a very different approach to teacher professional roles than the U.S. system. In
Japan, the lesson is admired and respected, like afinely crafted work of art. In the United States,
we do not place very high value on the concept of agreat lesson. Asoneindicator, 31 percent of
teachers lessons in the United States are interrupted by outside distractions, such asa
loudspeaker announcement or avisitor at the door, which can disrupt the coherence of the lesson

(Hiebert, TIMSS Policy Forum). This finding speaks to the need for local policies that respect
instructional time and make the classroom a haven for teaching and learning.

Second, Japanese education reforms tend to focus directly on classroom teaching--

specificaly, on well-designed and well-taught lessons. In the United States, we have a history of
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trying to improve the quality of teaching through such indirect levers as certification requirements,
teacher accountability standards, and management practices, rather than focusing on teaching
itself (Stigler and Hiebert, 19974). Japanese teachers develop and refine their lessons through a
structured, collaborative process characterized by "lesson study groups'--small groups of teachers
who meet weekly to design, critique, revise, and try out lessons. A group may take ayear to
refine three 45-minute lessons. New approaches are tested, with colleagues providing feedback.
Critiques focus on student learning: what did this student say, how much did that student
understand? When the revisions are finished, the lessons are shared with other teachers, and the
best are distributed nationally. From this experience, the teachers not only produce better lessons,
but they also learn more about pedagogy and effective practice, and engage in rich intellectual
conversations. The U.S. system does not have any similar built-in mechanisms that encourage

teachers to study and continuously improve the quality of their instruction.

Using TIMSSto Inform Changesin Instruction and Professional Development

New approaches to instruction will require new ways of supporting, preparing, and
strengthening teachers. Holding teachers accountable to curriculum and performance standardsis
not enough; we must also change the processes that lead to classroom learning. The TIMSS
research offers some innovative ways of thinking about teaching and professiona development.

The TIMSS reports can themselves be valuable tools for professional devel opment.
Positive things can happen when groups of teachers review the TIMSS results, test items, and
videotapes, and discuss the implications for their own practice. When teachers review test items,

they gain a better appreciation of the difference between surface-level knowledge and high-level
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knowledge. When teachers see videos of students in other classrooms solving complex problems
or doing things they cannot get their own students to do, they may think critically about their own
core beliefs and their own teaching practice. When teachers watch good teachers at work, they
pick up nuances that are hard to capture in other ways.

Collective analysis is perhaps the most valuable part of this process. When teachers
analyze the TIMSS videos as a group, they not only see vivid examples of good instruction, but
they also are inspired to discuss new strategies, share their knowledge, and open their minds to
new perspectives. The TIMSS experience can also stimulate teachers to do their own videotaping
and critiquing. Watching oneself teach on video can be a daunting but rewarding experience if
done sensitively with a peer group.

The Japanese-style lesson study group provides some interesting ideas for redesigning
professional development in American schools. Bringing together teachers to develop higher
quality lessons could be alogical building block for improving instructional focus and coherence
in the United States and exposing more students to advanced math and science content. As with
curriculum, the TIMSS researchers do not advocate importing the Japanese or any other system
wholesaleinto U.S. culture. Instead they suggest we develop our own approaches for studying
and continuously improving the teaching process.

The First in the World Consortium, for example, has established "teacher learner
networks'--long-term structures to provide teacher support and school improvement. These
networks, which consist of teachers from across the 20 districts, are studying specific instructional
issues, discussing lessons, and analyzing and revising curriculum. Network members will then

share their knowledge throughout their own districts.
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One key issueis use of time in the school day. TIMSS dataindicate that U.S. eighth-
grade teachers teach 26 periods per week, compared with 24 in Germany and 16 in Japan. U.S.
teachers spend most of their time in the classroom, with few extended periods to meet with
colleagues to refine lessons or study pedagogy or content. In Germany, school isfinished by early
afternoon, and teachers use the rest of the day much as college faculty do, preparing for future
lessons. 1n Japan, time for group planning is built into the school schedule. But Japanese
classrooms have much higher student-teacher ratios than American schools. In fact, if one
multiplies the number of periods times the number of students per period, Japanese and American
teachers actually teach about the same number of students during the year. So there is a tradeoff,
which raises the issue of whether American teachers would accept larger class sizes in exchange
for more planning time.

To create blocks of time for planning and study, some of the First in the World
Consortium districts are considering such options as employing permanent substitutes who would
oversee classrooms while the regular teachers engage in professional interaction; this approach
would be less expensive than hiring more teachers. Increasing professional interaction among
teachers will require administrators, as well as teachers, to think in new ways. Administrators
may have to make some unpopular policy decisions.

Other changes in professiona development, teacher preparation, certification, and
induction may be needed to move instruction in the directions suggested by TIMSS. Many
teachers at al grades need more content knowledge in math and science. And in secondary
school, many more teachers must be prepared to teach advanced math and science subjects.

Some Forum participants suggested alternative certification as a means of bringing people with
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math and science expertise into the classroom, while others cautioned that alternate pathways
should be designed carefully to provide content experts with structured opportunities to develop
and practice teaching skills.

Other policy options include setting more meaningful standards for what teachers should
know and be able to do at both the preparation and certification stages; providing longer periods
of learning and mentoring for new teachers; and raising teacher salaries to attract the best
candidates. TIMSS researchers note that our lack of serious attention to teacher development is
closaly linked to the issue of teacher professionalism (Stigler and Hiebert, 1997b). In many other
countries, teachers enjoy higher professiona status and see themselves as having expertise they
can contribute to improving their profession.

The TIMSS Forum participants agreed that implementing changes in instruction on a
larger scale will require compatible changes in content standards, school organization, and

professionalism of teachers, as well as significant funding investments.

TIMSS and Standar ds-Based Reforms
One reason other countries are successful in teaching a rigorous curriculum is because al
the mgjor elements of their educational systems are aligned, with uniform, high standards at the
core. Not al high-achieving countries have "national” standards in the sense of being mandated
from a central government. But they have reached a national consensus about what constitutes

the basics, grade by grade, and this consensus guides their educational systems (Schmidt and
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Valverde, 1997). This contrasts markedly with the U.S. approach wherein each locality
essentially defines its own standards.

In this sense, the TIMSS findings can be seen as supporting the movement in the United
States toward standards-based, systemic reform--although not necessarily in its current forms.
Standards can help the United States realize many of the curricular and instructional
improvementsimplied by TIMSS. They can keep distractors out of the curriculum. They can set
high goals for students and teachers to strive for. Standards can guide compatible changesin
other elements of the educational system. And they can serve as arationale for all mgor policy
decisions; for example, policymakers can evaluate a school finance plan or a categorical program
in terms of whether it will help students achieve standards.

The TIMSS research shows that high standards are not at odds with the goal of increased
educational equity. Many high-achieving TIMSS nations have implemented a "high standards for
al" approach that applies to low-income and educationally disadvantaged children, as well asthe
more advantaged (Schmidt and Valverde, 1997). In these nations, high standards are commonly
used to justify policies to provide disadvantaged children with the resources necessary to meet the
standards.

Most U.S. states are already implementing systemic, standards-based reforms, but the task
is complex, given our pluralistic governance system. Some versions of standards may actually be
compounding the problem of curriculum overload ( EImore, TIMSS Policy Forum). States,
districts, and professional organizations are producing an abundance of standards--often with real
teeth--but they are not always grappling with the hard choices of which topics to cover, how to

build coherence over time, or how to trandate broad expectations into effective instruction.
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Thereisagap in the United States between what educators say--most report being well
aware of current reformsin their field--and what they actually do in the classroom, asillustrated
on the TIMSS videotapes. Math teachers have changed some aspects of their teaching in
response to NCTM professional standards, such as using real-world problems, manipulatives, or
cooperative learning, but they apparently have not changed the more fundamental scripts from
which they work.

Bridging this gap will require more than just telling teachers what the expectations are.
The real challenge is how to develop standards that are concrete enough to be useful to teachers--
in other words, that identify a limited number of topics to be taught at each grade with advice on
how to teach them. Standards should aso be high by international standards. Right now thisisn't
the case; in several states, a student who performs at the "proficient” level on the state math
assessment may actually be performing well below international standards of proficiency.

Accountability is another critical element of standards-based reform. A mgor policy
challenge for the United States is how to encourage educators and policymakers to adopt more
effective approaches to teaching and learning that include accountability for high student
performance. Incentives to develop such approaches--which are central in systems like Japan's--
exist only in a haphazard way in the United States.

Many states and school districts are aready implementing data-based accountability. The
Boston Public Schools, for example, have set up an accountability system based on test data and
other performance measures, and is also developing indicators for other important school
variables such as parent involvement. Schools that show improvement by these measures are

eligible for awards of up to $25,000 ( Donahue, TIMSS Policy Forum).
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Community District 2 in New York City is taking another approach to accountability by
holding all the professionals in the system--including the principals--accountable for effective
instruction, and ultimately for student performance. Asthis strategy recognizes, new forms of
curriculum and instruction often demand new kinds of leadership. Just as teachers are being
asked to take risks as part of standards-based reform, principals and superintendents must also be
willing to take risks; for example, by giving teachers permission to do things differently (Elmore,
TIMSS Policy Forum).

TIMSS aso can help spur discussion about the respective responsibilities of the local,
state, and national levels in standards-based reform. Often in the United States debate about these
issues becomes hung up on the merits of "top down" versus "bottom up" reform. In many other
TIMSS countries, even those highly centralized systems, curriculum and instruction is a hybrid of
both top down and bottom up actions; goals and content are decided nationally, and issues of
pedagogy are determined locally. Research indicates, moreover, that having nationa standards or
similar transcendent standards need not preclude innovation; many countries with national
standards have implemented effective innovations (Schmidt and Vaverde, 1997).

Reforms in the United States are most likely to succeed if they combine top down and
bottom up strategies, while still taking into account the decentralized nature of our system.
Instead of trying to put responsibility on some other level, educators and policymakers need to
focus on what they can accomplish at their own level. For example, reformsin instruction could
combine statewide changes in teacher preparation and professional development with school-

based changes in teacher interaction.
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Asthe primary movers of standards-based reform, states have a particular rolein
implementing ideas from TIMSS. States have authority over critical elements of education, such
as curriculum, teacher preparation, and funding formulas. In addition, the states are the most
logical level for doing the rational, coordinated planning that is necessary to bring cohesion to
school improvement.

National testing or national standards is one way to bring focus and rigor to the U.S.
curriculum (Martin Orland, NCES, TIMSS Policy Forum). National tests could provide a focus
for instruction and areason for educators, policymakers, and citizens to take school reform more
seriously. An alternative strategy isfor states to establish collaborative structures for making their
policies and standards more uniform across the nation. States could also share curricula or
endorse various curricula devel oped by professional organizations.

The federal government can aso encourage improvements that are compatible with
TIMSS. In addition to continuing to disseminate information about TIMSS, the Department of
Education could serve as a "supermarket of ideas" and curriculum models that are compatible

with TIMSS and that states and local districts could adopt or adapt.
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Using TIM SSto Build Public Support for School I mprovement

A magjor element of school improvement isto build support for change among
policymakers, parents, and the public. This support must be solid and sustained over the long
term. Much as Sputnik rallied the American public to support education reforms in the 1950s, the
TIMSS data can help galvanize public support for school reform. In Kentucky, for example, the
commitment of the state legidlature kept that state's massive educational reforms going through a
change in governors. Sustaining commitment is becoming more difficult, however, with the
adoption of term limitsin many states.

Most people in the policy world, including state legidators, are not yet widely aware of
TIMSS or its messages. Furthermore, many parents and citizens, including some well-educated
people, are not sold on the need for higher standards in math and science. Informed educators,
researchers, and policymakers must be prepared to explain to friends and colleagues why we
should care about the performance of studentsin other countries. In asociety that still regards
children who do not speak English as their first language as a liability, the rationale for
international comparisons may not be readily apparent. People in the research community should
also be able to provide clear answers to such fundamenta questions such as why every student
should study algebra and geometry.

Researchers, federa agencies and other organizations involved in publicizing TIMSS
could package the TIMSS findings in customized ways to reach different audiences, such as
legidators, administrators, or school boards. Busy policymakers, for example, might appreciate a
10-minute excerpt of representative teaching practices from the TIMSS videotapes, accompanied

by leading questions about policies that impede or promote various practices.
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Since people sometimes base policy decisions on beliefs and emotions rather than rational
arguments, TIMSS data should be presented in away that adds emotional impact to the data. For
example, presentations about TIMSS could feature several sample items from the TIMSS tests,
along with the percentages of students from the United States and other countries who answered
correctly (Steve Leinwand, Connecticut Department of Education, TIMSS Policy Forum). These
items should be carefully selected and presented, so that people understand the math and science
content behind them and the kinds of instructiona practices they imply. Items could be grouped
in mini-test booklets that people can take themselves or give in their districts. Emphasizing the
relationship between high math and science achievement and economic development is another
powerful way to persuade parents, policymakers, and especially business people of the importance

of school improvement.

TIMSS asa Model for Future Policy Research

TIMSS offers a promising model of how to do sophisticated policy research while
producing findings that are accessible to the people who must implement them. TIMSS
represents a major advancement in the literature of comparative assessment by going beyond the
horse race aspects in its design and data reporting. By comparing curriculum, textbooks, and
instruction in many different countries, TIMSS has opened up dialogue about issues that were
once considered risky to discuss. Through its use of video analysis, extensive questionnaires,
teacher journals, and classroom time studies, TIMSS has aso demonstrated how to apply new
research tools to the study of teaching practice. And TIMSS has developed new structures for

engaging multiple countries in true, cross-national research, which in turn has stimulated new
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cross-nationa studies of real classroom interactions (Susan Fuhrman, University of Pennsylvania,
TIMSS Policy Forum).

TIMSS raises severa fascinating avenues for additional research. NCES will soon be
releasing international results of a subset of performance-based itemsincluded in the TIMSS
assessment. Multivariant analyses on the current TIMSS data base have yet to be done. State
and local people could benefit from more detailed data about how TIMSS researchers coded the
videotaped lessons; this kind of information could help educators devel op a common language for
analyzing classroom lessons. State and local people also express interest in video studies of
fourth-grade lessons that would complement the eighth-grade video project.

TIMSS also points out the need for continuing research about what works--in other
words, which practices and policies most effectively support systemic change. Right now state
legidators get "mixed messages' about such critical policy issues as the educational value of
reducing class size; they would like more definitive answers (Ron Cowell, Pennsylvania State

Legidature, TIMSS Policy Forum).
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Conclusion

TIMSS contains strong messages about the impact of policies and practices on student
achievement in various nations. But these findings will make little difference unless policymakers,
educators, and others use them right now to develop strategies for changing education in the
United States. This does not mean importing wholesale the educational practices of higher-
achieving countries. Rather, U.S. policymakers and educators need to use TIMSS as a
benchmark to design their own strategies that take into account our nation’s history, culture, and
educational structures.

The good news is that many of the issues addressed in the TIMSS study--curriculum,
instruction, classroom time, teacher roles, professional development--are already high priorities
for locdl, state, and national policymakers, and are issues that are subject to influence by policy
decisons. For example, policymakers involved in standards-based reform could take guidance
from TIMSS about the need for rigor, focus, and parsimony in state standards. Those involved in
teacher preparation and professional development could consider ways to provide teachers with
time, administrative support, and funding to engage in collective analysis of their lessons.
Policymakers at all levels of government could use TIMSS to call attention to reform needsin the
different grade levels. Other issues where policy reforms could produce meaningful changes
include sequencing of curriculum, student tracking, allocation and sanctity of instructional time,
and avenues for professiona interaction.

TIMSSisacall for immediate action. We know enough from the TIMSS data and other

research to design some reasonabl e solutions now.
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