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Foreword

This action paper was adopted by
the Learning First Alliance, an
organization of 12 leading
national education associations.

It has been informed by many distinguished
experts in mathematics and mathematics
education. We are pleased to acknowledge
the assistance of John Dossey, Illinois State
University, and Edward Esty, consultant, as
well as the advice provided by Richard
Askey, University of Wisconsin-Madison;
Hyman Bass, Columbia University; Gail
Burrill, National Council of Teachers of
Mathematics; Gilberto Cuevas, University
of Miami; Joan Ferrini-Mundy,
Mathematical Sciences Education Board;

Harold (Bud) Hodgkinson, Honorary
Member, Learning First Alliance; Vinetta
Jones, College Board; Andrew Porter,
University of Wisconsin-Madison; Ralph
Raimi, University of Rochester; Edward
Silver, University of Pittsburgh; Thomas
Romberg, University of Wisconsin-
Madison; Irvin Vance, Michigan State
University; and Judith Wurtzel, U.S.
Department of Education. Although many
individuals have offered suggestions that
have been incorporated herein, the paper
does not necessarily represent the views of
any individual who assisted in the writing
or provided advice and comment.
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Executive Summary

The knowledge and use of mathe-
matics is essential in our lives,
and, therefore, learning mathe-
matics is central to elementary

and secondary education. American stu-
dents, however, continue to lag behind their
world peers in mathematics achievement.
Furthermore, substantial achievement gaps
exist between groups of our students.
Together, we have a major challenge to raise
achievement throughout our nation. The
Learning First Alliance, therefore, advances
this Action Plan to bring American stu-
dents to world class levels in mathematics.

Goal. Virtually all students starting
school this fall will complete a challenging,
coherent, and focused K-12 mathematics
curriculum that includes core concepts of
Algebra and Geometry early enough and
with progressively increasing depth so that
the content covered in current Algebra I
and Geometry courses is mastered by the
end of grade nine. Mastery of these subjects
in the middle grades is essential for access
to the higher levels of mathematics neces-
sary for admission to college or good jobs

after high school.
Achievement. Although the

National Assessment of Educational
Progress (NAEP) shows that U.S. students
have made steady progress in mathematics
achievement since 1973, the national assess-
ment also exposes areas of weakness that
must be remedied, including large
racial/ethnic and urban/suburban differ-
ences in performance. Evidence from the
Third International Mathematics and
Science Study (TIMSS) indicates that U.S.
students are performing well below their
international peers from the nations with
which the United States economically com-
petes.

Curriculum changes. Curricular
and assessment changes are needed to clear-
ly indicate standards of what students
should know and be able to do. These
expectations should be held for all students,
not just those who are thought to be "good
at math." All students should master the
content currently included in the two one-
year Algebra I and Geometry courses by the
end of ninth grade, with the curriculum
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restructured to prepare children for this
coursework. Only 25 percent of U.S. ninth
graders now do so. Action steps include
working on curriculum reform, providing
tools to states and school districts to help
them select school mathematics programs
consistent with proven practice, working
with educators and policymakers to improve
access to high quality mathematics instruc-
tion for students from disadvantaged
groups, seeking agreement on appropriate
use of technology in mathematics educa-
tion, and urging states and school districts
to eliminate dead-end tracks in the curricu-
lum.

Professional development.
All students of mathematics should be
taught by teachers who have been well pre-
pared in the content of mathematics and
techniques of teaching mathematics. In par-
ticular, all mathematics teachers of grades
five through nine should be prepared with a
solid grounding in the coursework of grades
K-12 and the teaching of middle grades
mathematics. Less than half of grade eight
teachers have taken the mathematics cours-
es needed as background for teaching effec-
tively at this level. Less than 10 percent of
grades five through nine teachers are math-
ematics specialists. Current in-service pro-
fessional development programs do not
generally address this lack of preparation.
Action steps include working with states,
mathematics organizations, and teacher
preparation programs to establish certifica-
tion standards and professional develop-
ment programs for teachers of mathematics
in grades five through nine; developing cri-
teria for in-service professional develop-
ment; encouraging states to increase the
overall requirements for teaching mathe-
matics; creating a closer link between
research findings and professional develop-
ment; and working with business and
industry councils to establish support for
the ongoing professional development of
teachers at the local level.

Parents and the public. Parents
and community leaders must be encouraged
to become involved in efforts to improve
mathematics achievement. Parents and
other adults can support children's perfor-
mance by encouraging them, helping on
out-of-class projects, discussing their home-
work, and helping them see the importance
of mathematics to their futures. Businesses
can help schools inform parents, communi-
ty members, and students about the needs
in mathematics for employment. They
should support mathematics achievement
by expanding the resources of schools and
providing expertise, materials, and equip-
ment to assist with the teaching and learn-
ing of mathematics. Action steps include
encouraging schools to discuss the mathe-
matics curriculum with parents and others
in easy-to-understand terms and to engage
parents and the public in support of chil-
dren's achievement; working with the media
to build awareness of the importance of
mathematics education; and engaging with
key partners, such as the collegiate and
business communities.

Research-based reforms.
Reliance on both tradition and educational
fads has played too big a role in mathemat-
ics education. Large scale change of practice
must be based on research evidence that the
change will lead to better student achieve-
ment. Action steps include more research to
test instructional ideas in the classroom and
to compare the relative effectiveness of vari-
ous instructional approaches and methods
of assessment. They also include establish-
ing methods of examining and comparing
the relative effectiveness of curricular mate-
rials, and sharing this information with
states and local school districts; encouraging
educators and policymakers to consider
research results in decisions to adopt curric-
ula; participating in efforts to develop a
research agenda for mathematics education;
and continuing to engage technology in the
mathematics curriculum.
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The Learning First Alliance
Action Plan for Mathematics

I. Quality
Mathematics
for All Students:
The Needed Change

Mathematics is universally
accepted as a core subject,
occupying a central place in
education. It is taught from

the earliest grades, and provides a founda-
tion for the learning of science and technol-
ogy, as well as for the interpretation of
quantitative information in other subjects.
Mathematics teaches students how to rea-
son logically and helps them develop skills
that they can carry into other disciplines
and many situations in real life. When
taught well, mathematics can engage and
delight students, helping them understand
how the world works while exposing them
to some of its unanswered mysteries.

In a practical sense, mathematics skills
and understanding are of vital importance
in determining the future success of today's
young people. But unfortunately, their

mathematics curriculum in too many cases
does not prepare them for what the future
will demand. It is impossible to determine
when children are in school what level of
mathematics will be required for their even-
tual careers. But we do know that if they do
not take the mathematics courses that are
the prerequisites to higher level mathemat-
ics, many opportunities will be closed to
them. Many students do not discover until
too late that mathematics is an essential
subject for college admission, and they have
not taken the needed coursework. In addi-
tion, many disadvantaged high school stu-
dents are placed in the "general curriculum"
which offers a variety of oversimplified, dis-
connected mathematics courses and pre-
pares them for neither college nor the world
of work.

Although scores have increased for
fourth, eighth, and twelfth grades on the
NAEP mathematics section since 1990,
American students still do not rank well
compared with students of other nations in
most international studies of mathematics
achievement. Fortunately, much can be
done to improve mathematics achievement
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if those who provide, govern, and work to
improve mathematics education bring new
energy and resources to address key points
of leverage.

This paper discusses four objectives for
the improvement of mathematics achieve-
ment for elementary and secondary stu-
dents. In brief, these objectives, which are
discussed in detail in Part IV, are:

(A) All our nation's students, regardless of
where they live or their economic or
racial and ethnic backgrounds, should
have the opportunity to complete a
challenging course of mathematics
study that is consistent with specific
benchmarks, including Algebra and
Geometry by the end of the ninth
grade.

(B) Students must be taught by teachers
who have a strong command of the
subject and the best ways to teach it,
which will require changes in pre-ser-
vice teacher education, increased entry
requirements for the initial education of
teachers, and continued professional
development of teachers throughout the
full range of their careers.

(C) Parents and teachers must be brought
into the process of change in school
mathematics, including discussions of
curricular goals, how teaching and
assessments have changed in mathe-
matics classrooms, and how they may
help improve student achievement.

(D) Finally, programs of research on curric-
ular materials, student learning, and
teaching of school mathematics should
be expanded. More support should be
given to the translation of findings
from such research into the develop-
ment of high quality materials and pro-
fessional development opportunities for
teachers.

Change has not come far enough or fast
enough to ensure that all of our 46 million
public school students are afforded equal

opportunity to learn everything they are
capable of in school, to guarantee to the
nation a well-skilled workforce, or to assure
our continued economic standing in the
world community. The changes that are
needed cannot be accomplished by a single
constituency group because they involve all
parts of the education system. The Learn-
ing First Alliance represents more than 10
million individuals engaged in providing,
governing, and improving America's public
schools at the local, state, and national lev-
els. It is the only national coalition focused
on improving elementary and secondary
education in public schools to involve both
the CEO's and elected leadership of the
major national organizations representing
parents, teachers, curriculum specialists,
school principals, administrators, school
boards, state boards of education, chief state
school officers, and education schools, col-
leges, and departments. Through this paper,
the Alliance proposes a coordinated plan for
improving the education of our youth in
mathematics.

II. Setting Our
Goal Guiding the
Change

Our goal is for virtually all students to suc-
cessfully complete a challenging K-12 mathe-
matics curriculum that includes mastery of the
content included in the two one-year Algebra I
and Geometry courses by the end of grade nine.'

We will strive to see that virtually all stu-

' Middle school students must be well grounded in
five major areas (Number Sense, Properties and
Operations; Measurement; Data Analysis,
Statistics, and Probability; Algebra and Functions;
and Geometry and Spatial Sense). The Alliance is
focussing on Algebra and Geometry because they
are powerful gatekeepers for access to post-sec-
ondary education studies and key jobs. "Mastery
of the content included in the two one-year
Alegebra I and Geometry courses" is not intended
to imply a preference for the existing course struc-
ture. A fuller discussion of the recommended top-
ics to be covered is outlined in Part IV.
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dents starting school in 1998 successfully
complete this coursework, and will work to
benefit all students now enrolled.
(Currently, only 25 percent of the nation's
students study Algebra I and Geometry by
the end of ninth grade.) The focus of these
efforts will be placed on students in the
middle grades because the mathematics stu-
dents study during these years has a strong
effect on whether they will be able to take
the higher levels of mathematics necessary
for admission to college and for an increas-
ing number of jobs, including those in
rapidly expanding technical fields. However,
achievement of this goal is possible only if
mathematics education from pre-kinder-
garten through grade four not only provides
all children a strong grounding in basic
arithmetic, but also lays a foundation for
algebraic thinking, mathematical reasoning
and geometric concepts.

III. Changes in
Student Achievement

As one measure of progress toward our
goal, we use NAEP as the best available
indicator. The only continuing and nation-
ally representative assessment currently
available, NAEP is given on a regular
schedule to a random sample of U.S. fourth,
eighth, and twelfth grade school children,
most recently in 1996. NAEP reports on
four levels of achievement: Advanced,
Proficient, Basic, and Below Basic.'
Currently, in grades four, eight, and twelve,
two to four percent of students score at the
Advanced level, 14 to 20 percent are

z. In 1990 the National Assessment Governing
Board (NAGB) established the first three levels of
achievement. The setting of expectations was
started in 1990 as the NAEP focused more and
aligned with the recommendations of the National
Council of Teachers of Mathematics (NCTM)
Standards. Based on this experience, NAGB made
adjustments in the content expectations assigned to
each of the levels in 1992. This set of expectations
is currently in effect for the NAEP assessments.
The long-term trend assessment items were not
affected by these changes.

Proficient, and 38 to 53 percent score at the
Basic level, with the specific percentage
varying by grade level. Students classified as
Below Basic have failed to demonstrate
what the National Assessment Governing
Board (NAGB) set as the basic knowledge
and skills for mathematics at those grade
levels. Nearly half of the students are scor-
ing below the Basic level. We look for an
increase in the percentage of students
achieving at Proficient and Advanced levels
and a decrease in those below the Basic
level.'

Data from the 1996 NAEP indicate that
growth has taken place since 1990 in stu-
dents' knowledge and ability to use mathe-
matics at each grade level, both overall and
in each of the five mathematics content
areas measured. This growth appeared both
nationwide and, almost uniformly, across
the states. Twenty-eight of 33 states partici-
pating in the 1990 and 1996 assessments
showed significant improvement over the
six-year span at grade eight. Eighteen of 40
states participating in the 1992 and 1996
assessments showed improvement over the
four-year span at grade four.

There also is a NAEP long-term trend
assessment in mathematics that has tracked
student performance over time by using a
set of questions and tasks that was first
given in 1973. The long-term trend assess-
ment devotes a much heavier emphasis to
basic number facts and computation than
the national NAEP assessment program

To provide a sense of expectation for student per-
formance, if we assume the same achievement lev-
els are used in the future, we would set targets that
virtually all students would be at or above the Basic
level and that there would be substantial increases
in the students performing at the Proficient and
Advanced levels, with specific targets of 60 percent
Proficient and 15 percent Advanced. However,
there is controversy regarding whether the current
levels of achievement used by NAGB are appropri-
ate. There will continue to be analysis about
whether these levels should be used. If the content
used for determining mathematics achievement
changes, the achievement levels and specific targets
would presumably also need to be changed.
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does. It shows gains in mathematics for
today's nine-year olds and 13-year olds over
the performance of the 1973 peers. These
gains are across all mathematics topics,
including basic facts and skills.

This improvement is encouraging, but
there are also several causes for concern.
First, despite the fact that students of all
racial and ethnic groups have made progress
over the last two decades, there continue to
be large achievement gaps between white
students and their peers who are Hispanic
and African American. For all students to
successfully complete a challenging mathe-
matics curriculum, we must close these
gaps.

Second, there is evidence that when the
main NAEP items became more challeng-
ing by requiring that students figure out
answers to 40 percent of the problems on
their own, instead of selecting from among
multiple choice responses, cohort scores
showed less progress from grade four to
grade eight than previous scores..

While NAEP results provide a picture of
improvement over time, they also show that
the existing levels of performance are far
below the expectations that anyone would
hold for our youth. This view is further
supported by evidence from the Third
International Mathematics and Science
Study (TIMSS), which indicates that U.S.
students are performing well below many of
their international peers at both the nine-
and 13-year-old levels. At the nine-year-old
level, approximately fourth grade, U.S. stu-
dents' performance as a national group is at
the 54th percentile of the 26 participating
nations. At the 13-year-old level, two-thirds
of the other 40 nations participating had
higher average scores than the U.S.

The poor performance of U.S. eighth
grade students relative to world peers as
compared with the relative performance of
U.S. fourth graders is cause for concern.
Even more disappointing is that the U.S.
ranks last in the overall increase in student

performance between the two grades for the
25 countries participating at both age levels.

If U.S. scores are rising while the nation's
international standing is not, it may be
because the level of mathematics knowledge
of students in other countries is also rising,
that we are teaching different things, or that
we are teaching the same things at a differ-
ent level of depth. Many theories have been
offered for the difference in performance
levels between grades four and eight. Some
have to do with societal factors; others with
curricular differences between the countries
participating (countries whose students per-
formed well at the eighth grade level tended
to teach Algebra and Geometry in the mid-
dle grades), some with the results of exces-
sive tracking, and yet others with the focal
points for teaching or teacher command of
the subject matter. While more research is
needed to explore what actually causes the
difference in performance between the two
grades, it is a problem that must be
addressed on a broad front. The U.S. cannot
afford to allow its students to languish in a
mathematical holding pattern during these
important years of intellectual development.
Students' failure to complete a challenging
curriculum in the middle grades affects
their growth in many other areas of school-
ing. Both those promoting reform efforts
and those critical of current changes in the
school mathematics curriculum agree on the
need to increase emphasis on, and raise
expectations for, student performance in
mathematics. Further, these expectations
must extend to all students and across the
full span of public education.

It is important to stress that while the
strategies for Change in this paper are cast
broadly, the problems they are intended to
address are not universally present in all
U.S. schools. Powerful learning environ-
ments and talented, dedicated, and knowl-
edgeable mathematics teachers exist in the
U.S. But there are many who, through no
fault of their own, are ill-prepared in math-
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ematics and many who are assigned to teach
out of field. As a result, the quality of
mathematics teaching is unevenly distrib-
uted across or within states, or even school
districts. In allocating resources to address
the problems outlined in this paper, policy-
makers should pay attention to these differ-
entials and ensure that those children in
most need of high quality mathematics
instruction receive priority for resources.

IV. Strategies
for Change
A. CURRICULAR AND
ASSESSMENT CHANGES

Objective: Virtually all students starting
school this fall will complete a challenging,
coherent, and focused K-12 mathematics cur-
riculum that includes core concepts of Algebra
and Geometry early enough and with progres-
sively increasing depth so that the content cov-
ered in current Algebra I and Geometry courses
is mastered by the end of grade nine.

Although state standards vary consider-
ably, most do not go far enough in specify-
ing what students should know and be able
to do at the various checkpoints in school.
Teachers need specific benchmarks for stu-
dent achievement to guide what they teach.
They also need materials that highlight
common misconceptions and show various
ways to prevent or address them. In addi-
tion, teachers need sufficient mathematical
knowledge to build instruction on the dif-
ferent ways that various students think
about problems.

In addition, the number of mathematics
topics covered at each grade should be
reduced to allow for greater depth in the
curriculum. Research into the structuring
and delivery of mathematics instruction in
other nations suggests that at each grade
level students take up relatively fewer top-
ics, but cover them in greater depth so there
is no need to include a given topic every
year through eighth grade. In comparison,

many topics are repeated at many grade lev-
els in the U.S. TIMSS found that U.S. text-
books cover a broader range of topics every
year until ninth grade than 75 percent of
the 43 TIMSS countries. Another indicator
of our lack of focus is that in the eighth
grade the five most emphasized topics in
U.S. textbooks take up less than 50 percent
of the content coded as compared to a
TIMSS average of 75 percent of the con-
tent coded in textbooks of other countries
(and near 90 percent for Japan). Even at
grade four, the five most emphasized topics
account for only 60 percent of content
coded compared to 85 percent of the con-
tent coded for other countries.

In the U.S., the mathematics content of
eighth grade is comparable to the seventh
grade curriculum of other countries. U.S.
eighth graders are still studying arithmetic,
while their peers in other nations have
moved on to more advanced mathematics.
One benchmark that should be adopted in
every state is substantial treatment by the
end of grade nine of the content now cov-
ered in two one-year courses in Algebra I
and Geometry. This change will require
states and school districts to modify the
mathematics curriculum beginning in the
early grades, where fundamental concepts
and processes of algebra and geometry
should first be introduced.

The solution to creating a more ambi-
tious curriculum for middle grades is not
simply to require students to take a stan-
dard high school Algebra course in seventh
or eighth grade. Rather, the K-nine curricu-
lum should be restructured to allow for a
more coherent transition from elementary
school mathematics to higher level course-
work. In a restructured curriculum that
introduces algebraic and geometric concepts
early enough, by the end of ninth grade,
students should be able to:

Understand and use formulas (expressed
in words as well as symbols) and equa-
tions.
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Understand and use variables and equa-
tions to represent quantity and relation-
ships in linear, quadratic, and exponential
settings.

Demonstrate fluency in translating
among equivalent algebraic representa-
tions numerically, graphically, and sym-
bolically, including negative and fractional
components.

Use formulas and equations to model ver-
bally presented relationships and situa-
tions, such as rate, work, and percent
mixture problems.

Recognize, describe, extend, create, gener-
alize, and use linear patterns, as well as
some of the more common non-linear
patterns such as quadratic and geometric
progressions.

Recognize problem situations in which
decisions to be made involve relations
among quantitative variablesone vari-
able changing over time, or several vari-
ables changing in response to each other.

Use numerical tables, graphs, symbolic
expressions, and verbal descriptions to
describe and predict rates of change and
patterns of change in variables.

Apply mathematical reasoning to the
solution of equations and the evaluation
of formulas, and be able to explain solu-
tions and generalizations by means of ref-
erence to the fundamental properties of
the real number system.

Solve linear, quadratic, and systems of lin-
ear equations in two variables analytically
and graphically, with and without calcula-
tors, and be able to describe the relation-
ship between the representations.

Use coordinate systems to analyze rela-
tionships and solve problems.

Model and solve problems representing a
wide range of complexity with algebraic
representations and reasoning.

Students should also be able to:

Visualize, describe, draw, and construct

common plane and solid figures, detailing
their relationships.

Apply geometric relationships to phe-
nomena in the world.

Compare geometric objects in terms of
their properties and relationships such as
congruence and similarity, including how
objects change under single or multiple
transformations.

Represent problem situations with geo-
metric models and apply properties of
figures in a variety of contexts to solve
mathematical and commonplace prob-
lems.

Use the Pythagorean Theorem and ratio
and proportion to solve problems.

Use spatial sense and geometric reason-
ing, both inductive and deductive, to form
and validate conjectures, form arguments,
and justify generalizations.

Remember, use and informally prove sim-
ple theorems concerning congruence,
similarity, and mensuration on lines, cir-
cles, and triangles with deductive reason-
ing.

Represent geometric entities on a plane
coordinate system and apply algebraic
methods to their description and analysis.

Additional competencies, including com-
petencies in the areas of measurement and
proportion, would be included in bench-
marks for the middle grades performance.

Once states and school districts establish the
mathematics curriculum as suggested above,

they need to provide related professional devel-
opment for teachers. Revised assessments, based

on frameworks that clearly express what we
expect students to know and be able to do, will
also be needed to monitor student progress and
diagnose student problems.

It will be important to ensure that the
revised standards and related curriculum
apply to all middle school students, not just
those considered to be "good at math" or
"college material." Children will not learn

14



what they are not taught. Many young peo-
ple will be effectively denied the opportuni-
ty to go on to college and to enter many
careers unless teachers, counselors, and
school administrators hold higher expecta-
tions for all students in the area of mathe-
matics achievement, eliminate "general
math" in the curriculum, and provide the
additional supports some students will need
to succeed in higher level mathematics
courses. A disproportionate number of chil-
dren who have been offered less rigorous
mathematics courses and poorer quality
instruction are African American or
Hispanic, even after controlling for CTBS
scores. The Second International
Mathematics Study indicated that white
students had a disproportionately higher
rate of placement in Algebra classes in the
schools where Algebra I was offered as a
special eighth grade class. More must be
done to achieve equality of opportunity for
students in school mathematics classrooms
nationwide. Changing these expectations is
a massive task requiring the leadership of
administrators and policymakers to support
modifications to curricula, teacher educa-
tion, and professional development.

To achieve a more challenging mathe-
matics curriculum for all students, we must:

At the state and school district level,
specify clear benchmarks and provide for
a more focused and challenging study of
mathematics for each grade or group of
grades. Teacher preparation, textbooks
and other curriculum materials, assess-
ments, and mechanisms for holding
schools accountable should be aligned
with these benchmarks;

Eliminate dead-end tracks in the school
curriculum such as "general mathemat-
ics;"

At the school district level, create grade-
by-grade curriculum guides consistent
with state benchmarks for achievement;

Assure that all schools have solid curricu-

la with challenging expectations for all
students, thereby eliminating differential
access to high quality mathematics
instruction across regions, states, or
groups of students;

Continue to study how technology should
be used to further student learning in
mathematics;

Develop clear, consistent, and regularly
administered assessment programs for
monitoring student progress aligned with
curriculum benchmarks; and

Reach for an achievement performance
profile for students on NAEP assess-
ments that increases the percentage of
students achieving at the highest levels,
with virtually all students at the Basic
level or above, at least 60 percent at the
Proficient level, and 15 percent at the
Advanced level for each of the three
grade levels sampled.'

The Alliance can help achieve this objec-
tive by:

1. Working with the National Council of
Teachers of Mathematics (NCTM) and
the Mathematical Sciences Education
Board (MSEB) to address the issues of
curricular and assessment system revision.
This should include submitting com-
ments regarding the revision of NCTM
Standards to be released in the year 2000.
The assessment and curriculum structure
framework should be influenced by
research in mathematics education
including what is done in other countries
with successful mathematics education
programs.

2. Working with leading mathematics
teachers, mathematicians, middle grade/
junior high school curricular experts,
commercial publishers, and educational
researchers to develop criteria for states
and school districts to use in the selection
of school mathematics programs for

See footnote number 3.
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grades five through nine. This should
also be done for grades K-four.

3. Working with educators and policymak-
ers to address the questions and problems
of access to quality mathematics instruc-
tion for students from disadvantaged
groups.

4. Urging states and school districts to
eliminate dead-end tracks in the school
curriculum and ensure that all students
have multiple opportunities to acquire
the knowledge and skills necessary to
compete in either higher education or the
workplace upon graduation from high
school.

B. PROFESSIONAL
DEVELOPMENT
OF TEACHERS

Objective: All students of mathematics will
be taught by teachers who have been well pre-
pared in the content of mathematics and tech-
niques of teaching mathematics. In particular,
all mathematics teachers of grades five through
nine will be mathematics specialists, educated
to meet the mathematical needs of students
studying a challenging curriculum that includes
introductory Algebra and Geometry, and will
meet the standards established through the
Interstate New Teachers Assessment and
Support Consortium (INTASC).

The delivery of a challenging mathemat-
ics curriculum in schools will demand a
great deal of teachers and, therefore, of
those who prepare, certify, hire, and support
them. It will require that teachers have
strong backgrounds in the mathematics
they teach and a well-developed under-
standing of the mathematics taught across
the full K-12 span. Teachers will need
knowledge of the previous grades' content
to provide special help to those still working
to attain deep understanding of requisite
material. They will need knowledge of the
following grades' content to deal with
insightful student questions and to align
their development and presentation of con-

tent with the future learning needs of their
students. They will need to know a variety
of ways to structure lessons and to balance
the emphasis on learning skills, understand-
ing concepts, and solving problems. In
addition, teachers must be able to commu-
nicate enthusiasm about mathematics for its
own sake, as well as the role that mathe-
matics programs play in students' future
opportunities. They should relate well to
students, understand their development,
and be able to communicate well with par-
ents, to help them support their children's
learning. To ensure that all students have
equality of opportunity, teachers and all
school personnel will need to hold high
expectations for all students, not just those
thought to be college-bound.

The TIMSS Video Tape Classroom
Study of Japanese, German, and American
mathematics classrooms provides some
insights that help explain the relationship of
teacher preparation and support to achieve-
ment. This study examined the methods by
which teachers introduce and teach con-
cepts and applications; how they present
alternative solution methods; their use of
mathematical principles, properties, and
definitions; how they justify and prove the
statements made; and the ways they con-
nect lessons into coherent wholes. Findings
on the U.S. eighth grade classrooms indi-
cated that, while the teachers professed to
be teaching according to NCTM standards
which emphasize problem solving rather
than rote learning, the teaching observed
suggested this was not the case. Instead, the
U.S. teachers' objectives seemed in general
to be developing a skill in the absence of
meaning. In contrast, Japanese teachers
were more likely to be engaged in develop-
ing their students' mathematical thinking
understanding concepts or creating alter-
native solutions to the problems under dis-
cussion. U.S. students were almost never
asked to provide justification or proof for
their assertions, but nearly one-half of
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Japanese and German teachers expected
this as a matter of course.

The tapes captured what was central to
the study of mathematics in the three par-
ticipating countries. Problem solving was at
the core of Japanese classrooms, while prac-
ticing a taught algorithm or process was at
the heart of most U.S. classroom lessons.
While the difference in approach reflects
differences in curricula discussed earlier, it
also may reflect the degree of preparation
and support these teachers receive. The
Japanese teachers, unlike U.S. teachers,
undergo long-term structured apprentice-
ships in their profession. They know much
more mathematics than most U.S. teachers
do, which enables them to work more flexi-
bly based on students' needs. They also are
provided with a great deal more assistance
regarding how to teach specific lessons, and
with comments on where students typically
have trouble, with suggestions for what to
do when the expected misconceptions arise.
This help is provided for teachers at all lev-
els.

Results of teacher surveys from NAEP
and TIMSS show that the majority of U.S.
teachers have far less than the minimal
coursework we recommend for the teaching
of mathematics, both in mathematics con-
tent and mathematics methods, particularly
in the elementary and middle grades. Data
from NAEP assessments and other sources
show that less than three-fourths of eighth
grade mathematics teachers have ever had a
course in the teaching of mathematics at
this level. And despite the fact that they are
expected to teach more complex content,
teachers in grades five through eight often
have the same mathematics background as
teachers in grades K-four.

A related problem is the lack of articula-
tion in many teacher education programs.
Mathematics education, mathematics, and
general pedagogy courses may be spread
over several departments, and the mathe-
matics coursework itself may be taken all or

partially on a community college campus
totally separated from the mathematics
methods segment taught as part of the final
degree program. In many cases, the mathe-
matics coursework, should any be required,
is only the course required for liberal arts
students. Often, the coursework has little to
do with the content of the K-nine curricu-
lum.

Teachers should be prepared to use
assessment to shape instruction and
improve learning opportunities for their
students. They should learn to recognize
and address common student problems and
misconceptions. A teacher has to know
enough mathematics to recognize what
underlies a student's mistakes, and use that
knowledge to help the student correct the
mistakes and develop a fuller understand-
ing. The teacher also should be prepared to
deal with students whose understanding is
more advanced. Teachers should be pre-
pared to use varied instructional tools and
classroom techniques appropriate for their
students and a variety of assessments to find
out what students understand.

Current in-service professional develop-
ment programs generally do not address the
inadequacies of pre-service teacher prepara-
tion programs. Once teachers reach the
classroom, they receive little, if any, profes-
sional development in the teaching of
mathematics. When teachers do receive
help, it is often in the form of one-day
workshops or scattered courses. In contrast
to current practice, effective professional
development addresses both content knowl-
edge and the best ways to teach that con-
tent. It occurs over time, including follow-
up, long-term support. Teachers in such
programs are able to see effective teaching
methods in action, to practice what they
learn, and to learn new mathematics that
will support their teaching practice. They
build on their own knowledge and learn to
deal with typical student misunderstand-
ings. Finally, effective professional develop-
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ment is delivered by people with a reputa-
tion for their expertise in the subject matter
and its delivery to students at their level.

Teacher professional development at all
levels must change to reflect a new standard
of excellence. Beyond initial education to
become a teacher, schools and states should
support and require significant professional
development programs for their teachers of
mathematics. Such programs should pro-
vide opportunitiesboth in mathematical
content and pedagogyfor teachers related
to the grade spans they teach.

Because we are arguing for a new level of
challenging curriculum in the middle
grades, it is especially important to ensure
that the mathematics teachers of grades five
through nine have specialized knowledge of
the content they teach. They also should be
educated to understand how young adoles-
cents learn mathematics, in particular the
concepts and skills of Algebra and
Geometry, and should be equipped with
pedagogical expertise. While these mathe-
matics specialists can come from either ele-
mentary or secondary teacher preparation
programs, they would ideally come from
middle grade preparation programs, but
meet all of the standards recommended by
The Mathematical Association of America
(MAA) and NCTM teacher education
guidelines for specialists at this level, and
meet the INTASC standards.

Middle grades mathematics specialists
need to have a solid grounding in all the
mathematics of grades K-12. This would
require collegiate mathematics coursework
spanning the mathematics of the elemen-
tary grades. Coursework in content would
include teaching of both Algebra and
Geometry, an introduction to probability
and statistics, coursework in mathematics
content in the middle grades classroom,
coursework on the concepts and techniques
of calculus, and knowledge of the use of
technology in teaching the mathematics of
these grades. In addition, the teacher should

have one or more courses specifically focus-
ing on the curriculum and teaching of
mathematics to students in grades five
through nine. While some schools are too
small to departmentalize their teaching
staffs, they should see that their teachers of
mathematics have achieved the equivalent
of such a specialization in mathematics and
have a solid knowledge of the entire K-12
mathematics curriculum.

Universities, school districts, states, and
regional accrediting bodies need to develop
ways of promoting high quality programs
for students who are preparing to teach
mathematics for these grades. States and
regional accrediting bodies need to prepare
special certification/licensure for such
teachers, and school districts should ensure
that teachers demonstrate mastery of both
pedagogy and the subject matter they teach.
These changes will require breaking down
walls between university departments of
mathematics and curriculum and instruc-
tion, between universities and community
colleges, between colleges of liberal arts and
science and education, between universities
and state departments of instruction, and
between middle school mathematics
departments and their secondary counter-
parts. It will require teacher preparation
programs, courses, and degrees that better
articulate abstract mathematics with the
needs of the classroom. This will, in turn,
require that mathematicians work with col-
leges of education more closely than they
do now in order to ensure that future gen-
erations continue to produce mathemati-
cians of the highest caliber.

Ultimately, a significant barrier to achiev-
ing the objective of well-prepared teachers
in the content of mathematics will be the
shortage of mathematics teachers that meet
the recommended criteria. One factor con-
tributing to the teacher shortage in this
subject is the significantly higher salaries
available outside the teaching profession for
people skilled in mathematics. Teachers in
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the U.S. are paid significantly less in rela-
tion to Germany and Japan. Requiring
higher levels of content knowledge, as we
recommend, will make this shortage worse,
although in the long run it should improve
student achievement. States and school dis-
tricts struggling with the issue of teacher
shortages will need to develop mechanisms
and explore incentives to help attract quali-
fied individuals to the teaching of mathe-
matics, particularly to those schools serving
low-income children. Initial thoughts might
focus on financial incentives to assist cur-
rent teachers to add mathematics to their
certifications. Or qualified math teachers
might volunteer to take extra student loads,
rather than leave them to be taught by
those who are unqualified. Serious thought
also should be given to attracting individu-
als with strong mathematical backgrounds
into teaching, without ignoring the need for
pedagogical as well as mathematical exper-
tise.

Although this section emphasizes the
importance of well-prepared teachers, it is
important to stress that administrators and
policymakers have a critical role in improv-
ing student achievement. These individuals
make key decisions on resources available
for professional developmentand must
ensure that these learning opportunities are
of high quality. They are responsible for
ensuring that the school offers high quality
mathematics programs and has adequate
and appropriate texts, enrichment materials,
and supplies. Administrators are responsible
for providing safe and orderly classrooms
with uninterrupted instructional time con-
ducive to teaching and learning.

To enable all students to learn from well-
prepared mathematics teachers, we must:

Bring all pre-service teacher education
programs into line with the MAA,
INTASC and NCTM standards for what
teachers should know about mathematics
and mathematics education;

Develop, support, and require teacher
professional development in mathematics
and mathematics education over the full
span of teaching careers, with special
emphasis on the first five years of induc-
tion into the profession and on continued
growth in teaching mathematics;

Create a closer link between professional
development programs and research in
the teaching and learning of mathematics
in the middle grades;

Equip teachers with tools and supports to
enable them to help children of all back-
grounds complete a challenging mathe-
matics curriculum;

Enforce teacher licensure and certifica-
tion requirements in school settings to
recognize specialist teachers and to ensure
that students have access to fully qualified
teachers of mathematics at all levels; and

Explore incentives to attract qualified
individuals to mathematics teaching.

The Alliance can help address this objec-
tive by:

1. Developing a common understanding
among Alliance organizations about what
constitutes quality professional develop-
ment supported by research on teacher
learning.

2. Working with the National Partnership
for Excellence and Accountability in
Teaching on a national conference focus-
ing on effective professional development
for mathematics teachers.

3. Exploring ways in which the Alliance can
work with the National Council for
Accreditation of Teacher Education to
bring all teacher education programs into
line with The Mathematical Association
of America's and National Council of
Teachers of Mathematics' standards for
what mathematics and mathematics-spe-
cific pedagogy teachers at each level
should know.

4. Working with states, mathematics orga-

19

In addition,

the number

of
mathematics

topics

covered in

each grade

should be

reduced to

allow for

greater

depth in the

curriculum.

17
EVERY CHILD
MATHEMATICALLY
PROFICIENT:
AN ACTION
PLAN



18
EVERY CHILD

MATHEMATICALLY
PROFICIENT:

AN ACTION
PLAN

nizations, and universities with teacher
preparation programs to establish certifi-
cation standards, induction programs,
and support preparation programs for
grades five through nine mathematics
specialists.

5. Working with the U.S. Department of
Education and the National Science
Foundation to develop recommended cri-
teria for in-service professional develop-
ment and to establish professional devel-
opment programs for teachers currently
teaching in all grades, but especially in
grades five through nine so that their stu-
dents can benefit from better-prepared
teachers.

6. Encouraging teachers to raise their
expectations for student performance in
mathematics, especially focusing on their
expectations for students from underrep-
resented or disadvantaged groups.

7. Encouraging administrators to play a
leadership role in supporting the hiring
of skilled mathematics teachers, to ensure
that children with the greatest needs are
taught by the most effective teachers, and
to support high quality professional
development that is informed by research
and aligned with the curriculum.

C. PUBLIC AWARENESS
AND SUPPORT

Objective: Build strong levels of public sup-
port for a challenging mathematics curriculum
at all levels of schooling, K-12.

Parents, business, and community leaders
must join educators in encouraging students
to pursue higher levels of mathematics
achievement. According to an Alliance-
sponsored poll, one in four adults say they
have or had a "fear of math," or that they
feel unable to assist an eighth grader with
mathematics homework. It is important
that these adults not pass on their fears to
children, and that they recognize that
regardless of their own experience with
school mathematics, they can support chil-

dren's performance by encouraging them,
monitoring their progress, helping on out-
of-class projects, and discussing their home-
work. They can help children develop a love
of mathematics, and they can help them
appreciate that mathematics achievement is
important to their future.

It is especially important for members of
economically disadvantaged communities to
know that low-income students who go on
to college are much more likely than other
students to have taken Algebra and
Geometry early. In one representative
national sample, only 26 percent of low-
income students who did not take
Geometry went to college, compared with
71 percent of low-income students who did
take Geometry. In addition, a growing
number of careers require high levels of
mathematics. According to the National
Skill Standards Board, 11 of 12 industry
sectors say students need algebra, geometry,
or trigonometry. Nearly 40 percent of all
17-year-olds do not have the necessary
math skills to hold down a production job
in manufacturing.

Effective administrative leadership
encourages teachers, students, and parents
to recognize the importance of a quality
mathematics program and actively support
its implementation. Parents and interested
community members should be informed
about the specific academic standards that
children are to meet at each grade level.
They should be offered the opportunity to
be involved in efforts to change mathemat-
ics education. They also should hold schools
accountable for making it possible for all
students to complete a challenging mathe-
matics curriculum.

To further this effort, schools and com-
munity groups should hold special sessions
for parents and others to discuss the nature
and shape of the mathematics curriculum
and the importance of mathematics educa-
tion to future success. This information
should be supported by high quality materi-
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als that lay out what children should be able
to do at different grade levels (including
actual examples of mathematics problems),
illustrate the relevance of challenging math-
ematics to success in college and a wide
range of careers, and suggest roles for com-
munity members, including business and
adult volunteers.

Employers can help schools inform par-
ents, community members, and students
about the role mathematics plays in a vari-
ety of fields by participating in school-to-
work programs, mathematics fairs, career
days, and other activities. They can articu-
late workplace academic skill requirements,
support professional development for teach-
ers that helps them connect mathematics to
the world of work, and encourage their
employees who are parents to increase their
involvement with the school. They can also
support improved mathematics achievement
by expanding the resources of schools and
providing expertise, materials, and equip-
ment to assist with the teaching and learn-
ing of mathematics. Finally, they can under-
score the importance of student achieve-
ment by requesting student records of
prospective employees.

To achieve this objective, schools must:

Engage parents and other adults in the
community to support children's study
and performance;

Discuss the mathematics curriculum with
parents and other interested community
members and encourage them to partici-
pate in activities that affect the teaching
and learning of mathematics;

Interpret assessment results for parents,
community leaders, and the media, noting
the relationship of the data to local goals
and local trends over time; and

Involve the business community in activi-
ties that will improve the school mathe-
matics curriculum and increase opportu-
nities for teachers.

The Alliance can address this objective
by:

1. Encouraging the education community
to reach out to parents, students, and
community members in support of
improved mathematics achievement, par-
ticularly among students in grades five
through nine and focusing on low-
income communities.

2. Identifying or producing high-quality
materials that articulate the goals of the
curriculum to parents and other interest-
ed community members in easy-to-
understand terms, with examples showing
why the content is important for their
students.

3. Working with the media to build an
awareness of the importance of mathe-
matics achievement.

4. Engaging with key partners, such as the
professional mathematics associations
and business community, in this effort.

D. RESEARCH AND
DEVELOPMENT

Objective: Convincing research is available
and will inform practice and materials adop-
tion.

Reliance on both tradition and educa-
tional fads has played too big a role in
mathematics education. There must, of
course, be a place for the investigation of
new ideas since the fields of mathematics
and cognitive science are dynamic and con-
tinually yield new knowledge that may have
implications for mathematics teaching and
learning. Large scale change of practice,
however, should not be based on the publi-
cation of a new research paper or a current
enthusiasm, but should occur when a body
of sound research convinces us that a
change will lead to better student achieve-
ment. For research to be convincing, we
need cumulative studies of the results of
mathematics education research. The pro-
duction of such cumulative studies should
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be a high priority so that educators, like
doctors, have easy access to validation stud-
ies and other papers to guide their practice.
In the absence of cumulative, convincing
research, recommendations for change
should be tempered by common sense.

More research is needed to test instruc-
tional ideas in the classroom and to com-
pare the relative effectiveness of various
instructional approaches and methods of
assessment in promoting student learning.
This is especially needed given findings
from TIMSS and the Survey of
Mathematics and Science Opportunities.
They show that multiple approaches to
teaching mathematics, used in different
high-achieving countries, are effective in
helping students learn to high levels. In
addition, a study of high-achieving schools
in Texasselected because they were situat-
ed in areas where students were considered
"at-risk"reveals that these schools used a
wide variety of materials and approaches.
Research is needed to identify what condi-
tions and support are needed in each case
for an approach to be effective.

Although several new mathematics cur-
riculum programs are emerging at the mid-
dle-school level, we need continuing
research on these programs and others.
More research also is needed to support the
development of high quality material that
reflects solid programs of mathematics that
are supported by research and practice.

To achieve this objective, schools, states,
and federal agencies must:

Bring research into the public schools to
help understand the problems preventing
student performance from reaching
desired levels;

Carefully evaluate the relative effective-
ness of varied approaches to achieving
standards for school mathematics for stu-
dents, for teachers, and for instructional
programs as a whole;

Encourage inclusion of teachers in all
facets of research, from question formula-
tion to implementation;

Continue to monitor national and inter-
national achievement and curricular
trends to provide a base for comparison
and targets for improvement;

Implement and evaluate strategies to
achieve equity for all students in access to
both quality curricula and teachers who
demonstrate proficiency in mathematics
and how to teach it; and

Translate research findings into strategies
to improve the effectiveness of various
instructional approaches, commercial and
project materials, and the use of technol-
ogy to foster student achievement and
increase rates of student retention in
school mathematics programs.

The Alliance can address this objective
by:

1. Working with the NSF and U.S.
Department of Education to assure con-
tinued funding of large scale assessments
so the data relevant to the recommended
curricular changes can continue to be
monitored from national (NAEP) and
international (TIMSS-like) levels.

2. Establishing methods of examining and
comparing the relative effectiveness of
curricular materials in lab-like settings
before they are used in the classroom,
and sharing this information with states
and local school districts.

3. Encouraging educators and policymakers
to consider research perspectives,
methodologies, and results in decisions to
adopt curricula.

4. Participating in efforts to develop a
research agenda for mathematics educa-
tion.

5. Continuing to study the appropriate role
that technology should play in the math-
ematics curriculum.
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The Learning First Alliance

The Learning First Alliance is a
unique collaboration of 12
national organizations working
together to improve student

learning in America's public elementary and
secondary schools. Representing more than
ten million Americans involved in provid-
ing, governing, and improving public educa-
tion, their memberships include: teachers,
principals, parents, teacher educators, local
and state school board members, school
administrators, national and state policy
makers, and community leaders.

A FOCUS ON
READING AND MATH

The formation of the Learning First
Alliance in January, 1997 marks an historic
first in bringing together independent edu-
cation organizations with the common goal
of working on behalf of improving student
achievement. To further this goal, the
Alliance has identified improving student
achievement in reading and mathematics as
fundamental priorities for collaboration. In
reading, the Alliance wants all students to
learn to read well and at grade level and to
that end recommends a beginning reading
program that includes a focus on explicit
systematic instruction in phonetic decoding
skills and comprehension strategies. In
mathematics, it wants all students to com-
plete a challenging kindergarten through
12th grade curriculum that includes mastery
of the content currently included in the two

one-year Algebra I and Geometry courses
by the end of ninth grade.

The Learning First Alliance is working
to improve and increase professional devel-
opment opportunities for educators to
ensure evidence about what works in teach-
ing reading and mathematics reaches the
classroom. To that end, the Alliance
released a reading action plan earlier this
year, Every Child Reading, that includes best
practices and proven research on reading
instruction, curriculum, and materials. It
has developed a similar action plan for
mathematics which will be released in
November, 1998.

Through its impressive collective ability
to reach millions of Americans, the Alliance
works to engage parents and the public in
collaborative actions at the state and local
levels to improve student achievement in
reading and mathematics.

FOR MORE INFORMATION
For further information about the

Alliance's work and action plans on reading
and mathematics, visit the Learning First
Alliance website: www.learningfirst.org.

25

23
EVERY CHILD
MATHEMATICALLY
PROFICIENT:
AN ACTION
PLAN



24
EVERY CHILD

MATHEMATICALLY
PROFICIENT:

AN ACTION
PLAN

The Learning First Alliance will
work with and through our member organiza-
tions to achieve the following three goals, which
are central to our mission of improving student
learning in America's public elementary and
secondary schools.

First, we will work with and through our
member organizations to ensure that high aca-
demic expectations are held for all students.

States and school districts should have high
academic standards for their core subjects.
These standards should lay out clearly and
specifically what students should know and be
able to do by the end of each grade level,
sequence of grade levels, or other specific
checkpoints. This specificity will ensure that
educators, students, parents, policymakers,
school board members, and the public all share
an understanding of, and commitment to, what
is expected of students. The standards of local
school districts should be consistent with those
set by states, but need not be limited to them.

To provide all students the opportunity to
achieve these standards, policies, curriculum,
instruction, materials, facilities, technologies,
educator preparation, continuing professional
development, assessment, school structures, and
delivery systems must be in alignment. Students
who need extra help should receive timely and
intensive interventions, and students should not
be promoted to higher levels of schooling with-
out meeting the standards. Student assessments
should enhance learning and enable all stake-
holders to know whether students are meeting
the standards.

Educators should be trained in the specific
subject they are teaching. Teachers and other
school personnel should be equipped to make
judgments about the extent to which students
are meeting the standards, diagnose student
needs, and provide interventions so that all stu-
dents may succeed.

Second, the Affiance will work with and
through our member organizations to ensure a
positive and supportive place of learning for
all students.

Schools should be safe havens and nurturing
environments for all students. Individual
schools and school districts should respond to
the ways that students learn best and accommo-
date children with special needs. Schools should
be housed in safe and healthy facilities, and

equipped with appropriate and up-to-date
equipment, materials, and technology.

All adults working within schools should
model behaviors that demonstrate the highest
levels of respect, responsibility, character, and
civility. Further, school districts and individual
schools should adopt and enforce clear codes of
conduct for all students so that school person-
nel, students, and parents will share an under-
standing of the behavior that is expected of stu-
dents and the consequences for not meeting
those expectations. Appropriate and rigorous
alternative placements should be available to
address the needs of students whose behavior is
disruptive to the education of other students.
Teachers and other school personnel should be
trained in effective classroom management
practices.

Finally, all those involved with the delivery of
public education should become advocates for
youth to promote safe, healthy, orderly, and sup-
portive communities beyond the walls of the
school.

Third, the Alliance will work with and
through our member organizations to engage
parents and all community members in help-
ing students achieve high academic expecta-
tions.

States and local school districts should maxi-
mize the ways that parents and community
members can participate in schools. For exam-
ple, community members and parents should
participate in the development of standards,
programs, and assessments that affect students'
academic performance. Families should be
encouraged to participate in all facets of the
child's education. Public schools should develop
partnerships with businesses, civic organiza-
tions, and other community groups to promote
adult participation in children's education and
to maximize the resources available to support
learning. Teachers and other school personnel
should be trained in effective practices that sup-
port parenting and parent involvement.

We believe that communities should hold
schools accountable for the achievement of
these three goals.
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LEARNING FIRST ALLIANCE

1001 Connecticut Avenue, N. W.
Suite 335

Washington, DC 20036
(202) 296-5220

www.learningfirst.org

The Learning First Alliance is composed of the following organizations:

American Association of Colleges for Teacher Education
American Association of School Administrators

American Federation of Teachers
Association for Supervision and Curriculum Development

Council of Chief State School Officers
Education Commission of the States

National Association of Elementary School Principals
National Association of Secondary School Principals
National Association of State Boards of Education

National Education Association
National PTA

National School Boards Association
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