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Results from the Third International Mathemat-
ics and Science Study (TIMSS) have recently
captured the nation’s attention and once again
focused it on matters of mathematics teaching
and learning. In general, the TIMSS results
indicate a pervasive and intolerable mediocrity
in mathematics teaching and learning in the
middle grades and beyond. At grades 7 and 8,
and also at grade 12, U.S. students achieve poorly
in mathematics compared to students in much
of the rest of the world. Even our 12th—grade
students who take advanced mathematics
courses performed substantially below students
in most other nations. The results also suggest
that the demands made by the U.S. school
mathematics curriculum and our mathematics
classroom instruction are not as challenging as

in many other countries.

TIMSS is a particularly rich data source about
the middle grades because it includes not only
achievement data and a curriculum analysis but
also a classroom instruction videotape study.[1,
20,29, 39] Teachers, principals, parents, policy
makers, and others wishing to improve math-
ematics education in the middle grades can learn
much from TIMSS by: reviewing some major
TIMSS findings related to grades 7 and 8;
considering these findings in light of other
relevant research on mathematics curriculum
content, classroom instruction, and student
achievement; and then pondering the lessons
from TIMSS and related research about what
must be done to ensure that U.S. students have
access to better mathematics education that will
prepare them for the challenges of today and

tomorrow.

=
|~




A Summary of Some Major
FIRdGEFToR TGS Maoor

Findings From TIMSS

Among the major findings reported from
TIMSS related to student achievement at grades
7 and 8, curriculum content in grades 4 and 8,
and classroom instruction in grade 8 are the

following:
Student Achievement

@ U.S. 8th—grade students’ mathematics
achievement is below average internationally,
and it is lower than that of students in many

countries that are our economic competitors.

@ U.S. 8th—grade students perform relatively
better in some mathematics content topic
areas than in others. Relative to international
averages, U.S. students are about average in
the areas of algebra; fractions; and data
representation, analysis, and probability; and
below average in geometry, measurement, and

proportionality.
curriculum Content

© The U.S. school mathematics curriculum
is unfocused—“a mile wide and an inch deep.”
More topics are included in the U.S. curricu-
lum at each grade level than are found in the

curricula of most other countries.

€ The U.S. school mathemartics curriculum
is excessively repetitive. Many topics appear
in the U.S. curriculum at more grades than in

the curricula of most other countries.

6

7




© The U.S. school mathematics curriculum
is not sufficiently demanding. Compared to
many other countries, the content taught at
grade 8 in the United States is similar to the
content taught at grade 7 elsewhere, and the
performance expectations are lower in the

United States.
Teachers and Teaching

© At grade 8, U.S. instruction is quite
uniform and it is oriented neither toward
understanding (e.g., U.S. teachers tend to
“state” ideas rather than to “develop” them)
nor toward intellectual challenge (e.g., U.S.
teachers tend to use tasks that engage students
with low-level cognitive activity, such as
memorizing and recalling, rather than
high-level thinking, such as reasoning and

problem solving).

@ More than in many other countries,
teachers in the United States lack structured,
sustained opportunities to improve their

practice.
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In general, the major findings of TIMSS reveal
few surprises. Most of the findings regarding
student achievement, curriculum content, and
classroom instruction confirm or are consis-

tent with many other research studies.
Student Achievement

The TIMSS findings are consistent with other
analyses of U.S. student achievement from an
international perspective.[15, 16, 17] For
example, the relatively poor overall achievement
and differential performance across
content areas by U.S. 8th-grade students
resonate with those of the Second International
Mathematics Study (SIMS), which was
conducted in 1981-82. In that study, U.S.
students also performed poorly overall and well
below the international average in geometry and
measurement; they were at or near the
international average for the topic areas of arith-
metic, algebra, and statistics, although well

below students in the top performing countries.

Although the U.S. TIMSS data have not yet been
analyzed to see whether the performance of
white, black, and Hispanic students varies,
results from the National Assessment of
Educational Progress (NAEP) provide ample
reason to suspect that such variation exists.
There are longstanding performance differences
among white, black, and Hispanic students at
all grade levels tested by NAEP[4] Although

the performance gap among black, Hispanic,
~ o
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and white students has been closing over time
on tasks that assess basic procedural knowledge
and skills, substantial performance differences
remain on tasks that assess conceptual under-
standing, mathematical reasoning, and problem

solving.[30, 33]
curriculum Content

The TIMSS analysis found that the K-8
mathematics curriculum in the United States is
unfocused and repetitive. SIMS also noted that
the “spiral curriculum” seemed to have gone
awry. Mathematical ideas were treated
repetitively over the years rather than in
successively more sophisticated ways. This
analysis also pointed to excessive fragmentation
of knowledge—rtaking “big ideas” and
decomposing them into tiny bits—as another
key reason for the lack of focus and repetitilve

character of the U.S. curriculum.

TIMSS also noted that the U.S. mathematics
curriculum was not very demanding, based on
an examination of basal texts, pre-algebra texts,
and algebra texts commenly used in grade 8.
This lack of demand manifested itself in two
ways. First, especially in the non-algebra
courses, there was a preoccupation with
arithmeric at the expense of algebra, geometry,
and measurement. Second, in all courses—even
the algebra courses—there tended to be
excessive attention to low-level knowledge and
skills without sufficient attention to conceptual
understanding or complex problem solving.
Similar findings were reported in SIMS and
in several other studies of U.S. curriculum.

[10,11,25]
S
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Teachers and Teaching

Striking findings of the TIMSS study have
emerged from the videotape analysis of
instruction in mathematics classrooms in the
United States, Germany, and Japan. This
analysis has revealed that mathematics
instruction in 8th—grade classrooms in the
United States emphasizes low-level rather than
high-level cognitive processes, and it engages
students with mathematical ideas in a superfi-
cial rather than deep way. Across different
teachers, classroom settings, and lesson topics,
this form of instruction was consistently found
in the TIMSS study. The absence of attention
to high-level processes, such as problem
solving and reasoning, in typical mathematics
instruction has also been noted in numerous

other research studies over the past three

decades.[12, 36, 40]

Another TIMSS finding related to teaching is
the lack of structured support that American
teachers have for improving their pedagogical
practice. Unlike teachers in Japan and Germany,
the TIMSS data indicate thar U.S. teachers do
not have much time or structured opportunity
for interaction with colleagues about
instructional issues. In the United States,
teachers are also more likely to work in
isolation than are teachers in many other
countries. Similar findings regarding the
isolation of U.S. teachers have been reported
elsewhere.[2, 8, 12] A lack of focused support
for teachers, along with limitations in the prepa-
ration of many individuals who are assigned to
teach mathematics, no doubt suppresses

innovation and improvementin U.S. teaching.
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From TIMSS and other research we gain
insights into characteristics of the U.S. school
mathematics curriculum and typical classroom
instruction that affect student learning. It is
important to note, however, that many of the
TIMSS findings are tied to deeply rooted
education practices in the United States. Thus,
the task of upgrading U.S. mathematics
education is challenging and is quite likely to
require a substantial commitment of time and
resources, including human and financial
capital. The findings of TIMSS, combined with
those of related research, suggest some
pathways along which progress can be made.
First, there needs to be a serious national
commitment to improved mathematics learn-
ing by a// students. Second, the mathematics
curriculum and instructional practices utilized
in the middle grades need to be enhanced.
Third, a substantial investment needs to be made
in teacher professional development in order
to support a more ambitious curriculum and
more intellectually challenging mathematics
instruction, which will in turn lead to greater

student achievement.




Recommendation 1 Make a serious
national commitment to improved
mathematics learning by all students

To the casual observer it would certainly ap-
pear that school mathematics holds a place of
importance in U.S. society. Almost all students
study mathematics every year in grades K-10,
and many continue, to study mathematics in
grades 11-12. In grades K-8, mathematics
receives more instructional attention than any
other school subject, except reading. Moreover,
students’ mathematics achievement is regularly
monitored, and mathematical competence is
often used to determine access to educational
and employment opportunities at the
postsecondary level. Yet, there is also an
ambivalence about our national commitment

to mathematics education.

Alongside the affirmation of its importance,
there is a widely held belief that most people
are “just not very good at math” and that only
a few have the ability to be successful with math-
ematics. A view that most people have limited
ability to learn mathematics may be tied to the
widely held belief that students must master all
the “basics”—typically defined to be sets of
arithmetic facts and procedures—before
attempting to solve challenging mathematical
problems or studying other areas of mathemat-
ics (e.g., algebra or geometry). Contrast this
view of mathematics with the way that society
views literacy. There is a core belief that every-
one can learn to read and write in English, and
a failure to do so is viewed as socially unaccept-
able. But few would argue that students must

master all of the basics of grammar,
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punctuation, and spelling before ever reading a

novel or writing a poem.

A belief that high-level mathematical perfor-
mance expectations are not appropriate for all
students also appears to undergird forms of
instruction that have generally been found in
research studies of schools serving students
from low-income communities, many of whom
are assigned to “lower track” instruction.
Accentuating the worst of what was observed
more generally in TIMSS, research has found
that students in lower track mathematics classes
receive less instruction than do their peers in
regular or higher track classes, and the
instruction they do receive almost exclusively
emphasizes low-level knowledge and skills.[22,
24, 27] Moreover, students from low-income
communities are far more likely to be taught by

unqualified or underqualified teachers.

(19,21,23]

It is clear that performance expectations for all
our students need to be raised. The TIMSS
findings at grade 12 show that even our ad-
vanccd students—thaose raking pre-calculus and
calculus—perform significantly below advanced
students in other nations. However, we are
unlikely to see substantial overall improvements
in the mathematics achievement of U.S. students
unless and until we as a nation adopt the belief
thatall students can learn mathematics, and then
act on that belief. Research-based examples
exist to demonstrate the validity of the view
that all children can learn mathematics.[5, 13,
32] This belief needs to be clearly reflected in
the expectations we set and the support we

provide to students and teachers as they
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engage in serious academic work. One small
but telling finding of the TIMSS video study
was that U.S. classrooms were the only ones in
which mathematics lessons were frequently
interrupted for nonacademic reasons; such
interruptions were not found in German and
Japanese classrooms. Of course, more than
commitment to and belief in students is
required. Attention also needs to be paid to
mathematics curriculum, teaching, and

teachers.

Recommendation 2¢ Make the school
mathematics curriculum more
ambitious and enhance classroom
instruction

A key element in any effort to improve the
mathematics achievement of U.S. students is
curriculum. Almost all states and many school
districts have a curriculum framework, or set
of objectives, for mathematics. Such a frame-
work that is clearly tied to standards that set
high expectations for all students can serve as a
guide for teachers as they plan, implement, and
evaluate their instruction and their students’
learning. The TIMSS findings suggest a need
for states and districts to examine their math-
ematics curriculum frameworks to see if they
are sufficiently ambitious, especially in grades
5-8. What is needed is a reconceptualization
of basics for middle grades mathematics. These
basics must include much more than arithmetic;
they must also include geometry and
measurement, proportionality, and algebra. Any
instructional approach that focuses narrowly on

arithmertic facts and skills is unlikely to improve

14
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the relative performance of U.S. 8th—grade

students within the international community.

Students need to be introduced to core
concepts of algebra and geometry in the middle
grades so that they are better prepared to tackle
more advanced work in these content areas in
high school.[31] But the solution to creating a
more ambitious curriculum for the middle
grades is not simply requiring students to take a
standard high school algebra course in seventh
or eighth grade.[7, 37] The poor performance
of grade 12 students in NAEP on rudimentary
algebra skills calls into question the adequacy
of the typical algebra course in developing real
algebraic competence, and there is little reason
to think that taking this course 1 or 2 years
earlier in one’s school career will make it more
efficacious. In fact, it may lead to even more
“tracking” in the middle grades, with all the
attendant negative consequences. Moreover, a
narrow focus on algebra ignores the need to
improve students’ performance in geometry and
measurement.

Curriculum materials {or the middle grades—
materials in which algebraic ideas develop in
concert with knowledge in other mathematics
content areas—have been created, many with
support from the National Science Foundation
(NSF), and are now being made available for
use on a large scale. These new curricula differ
significantly from the textbooks analyzed in
TIMSS. In general, the new materials are more
focused, often devoting a unit to the careful
development of two or three key mathematical
ideas. Moreover, they include novel and

demanding mathematical topics, many of which
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are contextualized in interesting and engaging
ways. These curricula set ambitious goals for
students, and they attend to an appropriate mix
of important mathematics topics, including
algebra. These curricula also engage students
in cognitively demanding activity quite unlike
that observed in U.S. mathematics classrooms
in the TIMSS study. In the new curricula,
students are challenged to think and reason, to
solve complex problems, and to communicate

their ideas.

Schools, school districts, and states need to get
these and similar curricula into the hands of
teachers. This effort will require attention to
curriculum revision and textbook adoption
procedures in order to ensure that the right
questions are asked as decisions are being made.
The involvement of teachers in these processes
is crucial. We also need to attend to the kinds
of support teachers need to use such curricu-

lum materials well.

Recommendation 3* Invest in teacher
professional development and
B iy SR VY

capacity building to support
improved mathematics achievement

Once materials representing a more ambitious
curriculum are available for use in schools, we
need to take steps to ensure their informed and
effective use in order to promote increased
student achievement. More ambitious
curriculum is closely tied to more complex
teaching, and this presents challenges for

teachers of mathematics in the middle grades.
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One challenge is mathematical. Teachers in
grades 5-8 often have the same mathematics
background as teachers in grades K—4, yet they
are expected to teach more complex content.
The additional challenges inherent in the more
ambitious curriculum material will require them
to be more like mathematics specialists than their
original training may have prepared them to be.
These teachers often have had little
exposure to some of the mathematical ideas
that ambitious curricula will require them to
teach their students. Moreover, teaching
mathematics in ways that make it understand-
able by students requires deep, flexible

knowledge on the part of the teacher.

A second challenge is pedagogical. Most
teachers have had limited experience teaching
more ambitious curricula, helping students deal
with complex mathematical tasks, or learning
complex mathematics themselves in settings in
which innovative pedagogy is used. As research
has shown, teachers often struggle, at least
initially, when they use ambitious curricula and
cognitively complex mathematics tasks in the
classroom.{26, 28, 38] These kinds of tasks
require a style of engagement and interaction
that is quite different from the pattern of low-
level cognitive activity noted in the TIMSS video
study and in many other classroom-based

research studies.

These challenges call for increased attention to
building the capacity of teachers to enhance
their mathematics instruction. Both initial
preparation and ongoing professional
development support are critical to the

successful implementation of a more ambitious

17
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mathematics curriculum in the middle grades.
We need not only to enhance teachers’
knowledge of mathematics content and
pedagogy but also to provide specific support
for their efforts to teach mathemarics in better
ways in the classroom. Research has shown that
effective support for teachers to enhance their
mathematics instruction can come in many
different forms, including collaborating within
teacher networks or with knowledgeable
persons outside the school; attending summer
institutes or related courses; reflecting on one’s
own experience as a mathematics learner; tying
innovations in pedagogy to research-based
knowledge of student learning, and linking
professional development closely to ambitious
curriculum materials.[3, 6,9, 34] Most of these
effective approaches to professional
development address directly or indirectly the

pervasive isolation of American teachers noted

in TIMSS and in other research.

The power of professional communities to
support instructional innovation has been seen
clearly in schoolwide, districtwide, and regional
improvement efforts. Thus, it is critical that
special attention be paid to nurturing and
sustaining professional communities in which
enhanced practice can be developed and
supported. Otherwise, research suggests that
the ambient culture of isolation and resistance
to change thart typically pervades mathematics
departments in schools is likely to inhibit

progress.[14, 18, 35]
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TIMSS provides important information about
U.S. students and their teachers, and about the
school mathematics program that influences
what they learn and teach. Although the
comparison with other nations is what captures
media attention, it is the power of TIMSS as a
lens through which to view U.S. mathematics
education that is most valuable. This
perspective and the knowledge generated in
TIMSS, when combined with other studies of
curriculum, teaching, and learning, form a base
for needed action to enhance U.S. mathematics
education. If we as a nation adopt the belief
that all students can learn mathematics; if we
act in consistent, coordinated ways to effect that
goal; and if we make the requisite commitment
of human and financial resources, there is good
reason to think many more students will
succeed. Our children deserve nothing less than

the best mathematics education in the world.
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