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Mathematics and science — and the technological innovation
they support — are critical to our country’s competitive position
in the global economy and to its security in an increasingly
perilous geo-political environment. Competence in mathematics
and science are thus essential to us as individuals and as a nation.
We all have a stake in ensuring that all Americans are educated
properly in these fields.

Because the U.S. Constitution delegates primary responsibility for
education to the states, there can be no nationally defined set of
standards and expectations for mathematics and science education
from pre-kindergarten though grade 12 (P-12). As a result, there
is tremendous variability in the teaching of these subjects across the
states. This state-to-state variability, coupled with a growing short-
age of highly qualified teachers of mathematics and science, is
creating a serious problem of underpreparation of high school gradu-
ates for further study and for work in the 21st-century economy.

Although the P-12 system of mathematics and science education
in America cannot be national, it can be nationwide — that is,
state-by-state and collaborative. What is needed to address the
nation’s systemic problems in mathematics and science education
is comprehensive, state-by-state, system-level change. While we
believe the educational community has identified the elements of
a comprehensive approach, state-by-state reform efforts to date
generally have involved well-intended but piecemeal solutions.
The Business-Higher Education Forum (BHEF) is proposing a
four-part plan in which business, higher education, and policy
leaders support P-12 education leaders in achieving comprehen-
sive, coordinated, system-level improvement from pre-kinder-
garten through postsecondary activity in college and into the
workplace — a span referred to as “P-16.” In this effort, we believe
business has an important and active role to play in the develop-
ment of state and national policy. This policy should support
schools and teachers in creating learning environments that
permit all students to discover the excitement of mathematics and
science and the opportunities available to them through study of
these vitally important disciplines.

As co-chairs of the BHEF’s Mathematics and Science Education
Initiative, we want to be certain to acknowledge the work of those
who have led the way in exploring system reform. This work
suggested the mechanism, operational principles, and targets of
the BHEF plan. As a companion to its report, A Commitment to
American’s Future: Responding to the Crisis in Mathematics and
Science Education, the BHEF presents this Handbook for A
Commitment to America’s Future, A Toolkit for Leaders of State-level
P-16 Councils, which details their contributions.

If America is to sustain its international competitiveness, its
national security, and the quality of life of its citizens, then it must
move quickly to achieve significant improvements in the partici-
pation of all students in mathematics and science. On behalf of
the BHEF, we urge business, education, and policy leaders to
consider this report carefully and then to come together all across
the country during the next five years to ensure that the current
generation and future generations acquire the core skills in mathe-
matics and science needed to achieve success in the new century.
America cannot afford to continue to lose ground in preparing all
students in these key areas.

Warren J. Baker L. Dennis Smith
President President Emeritus
California Polytechnic University of Nebraska
State University

William H. Swanson 
Chairman & CEO
Raytheon Company
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3Executive Summary

In publishing the Handbook for a Commitment to America’s Future, A
Toolkit for Leaders of State-level P-16 Councils, the Business-Higher
Education Forum (BHEF) details a four-part nationwide action
plan to improve overall pre-kindergarten through high school (P-
12) mathematics and science achievement in America through
sweeping and coordinated changes in entire education systems.

The BHEF plan recognizes that a P-12 education system cannot
improve itself by itself. New directions and improved performance
in P-12 education is dependent upon corresponding new direc-
tions and improved performance in higher education. Higher
education and the business community must join the P-12
community as equal partners in implementing a systems approach
to improving P-12 education.

Specifically, the BHEF calls upon business and higher education
leaders — and, through them, policymakers — to commit to new
and collaborative roles to improve the teaching and learning of P-
12 mathematics and science.

In addition, the BHEF urges business and higher education
leaders to champion the promising initiatives already begun by
P-12 educators and to work with them to develop and imple-
ment new strategies, policies, and programs that will raise the
mathematics and science achievement of all of America’s
students. The new and collaborative roles proposed are designed
to advance the development of seamless state systems of educa-
tion that extend from P-12 to higher education and the work-
place (P-16).

Educators in the P-12 community will find much of this Hand-
book’s contents familiar. That’s because the four-part action plan
outlined in it has been designed to give business and higher
education leaders a deeper understanding of the complex prob-
lems with which P-12 educators have long been grappling and
to provide the business and higher education communities with
the tools to become more effective partners in the work of
improving America’s P-12 education system.

BUSINESS-HIGHER EDUCATION

FORUM ACTION PLAN

The four actions of the BHEF plan are expressions of BHEF’s
belief that the improvement of P-12 mathematics and science
education is a P-16 responsibility:

EXECUTIVE SUMMARY

…the BHEF calls upon business and 
higher education leaders — and, through
them, policymakers — to commit to 
new and collaborative roles to improve 
the teaching and learning of P-12 
mathematics and science.



Action 1: Establish a P-16 education council in each state. P-16
council membership should have balanced representation from
business, education, and policy leaders. Representation must
include P-12 classroom teachers and administrators, since these
leaders have unique understanding of what must and might be
done to successfully bridge the final inch of the education gap
between policies and pupils. Council membership also must
include community college leaders, since the number of students
taking basic undergraduate courses in mathematics and science at
these institutions is both large and increasing. These P-16 educa-
tion governance structures should be charged with defining,
benchmarking, and initiating a statewide P-16 plan for ensuring
that all P-12 students successfully complete a high-quality mathe-
matics and science education.

Action 2: Simultaneously address and align the five P-12 system
components. Effective mathematics and science education
requires the close alignment of a P-12 system’s student stan-
dards, curricula, student assessment, teacher quality, and
accountability. It follows that proposed changes in any one of the
five aligned components demands attention to resultant effects
in the other four. In addition, because P-12 education is
impacted by policies and practices of higher education, business,
and government, P-12 system changes must be coordinated with
changes in the policies and practices of higher education, busi-
ness, and government.

Action 3: Engage business and higher education in more effective
P-12 reform roles. Business needs to accept responsibility for
leading state P-16 council work and for aligning all corporate
education outreach initiatives with the state’s vision of standards-
based improvement of P-12 mathematics and science education.
Higher education needs to implement policies and programs that
place the education of teachers — in particular, teachers of mathe-
matics and science — at the center of its mission.

Action 4: Implement coordinated national and state-specific
public information programs. These professionally designed
programs need to be based on a common set of core messages
that will engage the public in the nationwide effort to strengthen
the mathematics and science education of all students. The P-16
councils should guide the state-level campaigns to ensure that
they both localize and support the core messages of the national
campaign.

The four actions of the plan constitute a single agenda — a
holistic approach to improving mathematics and science education
of all students throughout the United States. For the plan to

succeed, therefore, America must undertake all four actions simul-
taneously during the next five years.

HANDBOOK OUTLINE

The BHEF has designed the Handbook for business, higher
education, and policy leaders as a toolkit of background informa-
tion and proposed procedures with which P-16 council leaders
might structure and guide implementation of BHEF’s four-part
action plan. It provides a research foundation for the actions
proposed, offers experience-based guidelines for the structure and
agenda of a P-16 council, examines the current state of efforts to
improve the components of state education systems, suggests goals
and procedures for coordinated and lasting improvement of state
systems of mathematics and science education, and highlights
effective projects and resources.

Among other things, the eight sections of the Handbook:
• detail the case for the establishment of a P-16 system

approach to improving P-12 mathematics and science
education;

• outline guidelines for organizing a P-16 council and
proposes key elements of a council’s work plan;

• provide information on the status of each of five interrelated
education system components that affect the quality of
students’ performance in mathematics and science (student
standards; curricula in mathematics and science; student
assessment; teacher quality; and system accountability);

• recommend actions that P-16 councils should consider for
improving each component and the interaction of those
components;

• provide brief descriptions of projects and resources of prob-
able interest to P-16 councils;

• outline new directions and opportunities for the engage-
ment of business and higher education communities in
long-term, high-impact, system-wide efforts to improve the
mathematics and science achievement of all students; and

• revisit the need for and dimensions of a public information
campaign designed to gain sweeping public commitment
to strengthening the mathematics and science education of
all students.

Chapter 1 (Leading System Change: Structure and Goals of a P-
16 Council) presents the case for the establishment of a P-16
system approach to improving P-12 mathematics and science
education. In particular, it outlines guidelines for organizing a P-
16 governance structure — a P-16 council — and its work plan.
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To guide the work of the council, Chapters 2-6 give information
on the history and status of each of five interrelated education
system components that affect the quality of students’ performance
in mathematics and science: student standards; curricula in mathe-
matics and science; student assessment; teacher quality; and system
accountability. This information serves as background for recom-
mended actions that P-16 councils should consider for each
component. New roles for business and higher education in leading
and implementing council work are described in Chapter 7, and
core messages of a public information campaign to build wide-
spread support of council work are outlined in Chapter 8.

The underlying message of the Handbook is that the five
system components described in Chapters 2-6 cannot be
treated separately. Effective reform of mathematics and science
education requires that the components be addressed as one
system. To be successful, intervention in any component must
anticipate and carry out related changes in the other four.
While the Handbook highlights each component in a separate
chapter, overlap in the research, discussions, examples, and
recommendations of those chapters attest to the components’
systemic interdependence.

Chapter 2 (P-12 Student Content Standards in Mathematics and
Science) traces the emergence of standards — statements of what
all students should know and be able to do — as the foundation of
P-12 education in America. It examines the problems caused by
disparities in the definition and implementation of content stan-
dards across states and across levels of education. The chapter’s
recommendations for actions by a P-16 council focus on the elim-
ination of these disparities so that all students will be held to the
same high standards and will be provided with the resources
necessary to achieve those standards.

Chapter 3 (P-12 Curricula in Mathematics and Science) estab-
lishes the need for high-quality P-12 core curricula in mathe-
matics and science for all students. The principal criterion for
judging the quality of the core curricula is that they prepare all
students for successful entry into higher education or the work-
place. In guiding the selection and implementation of core
curricula, leaders of P-16 education reform are urged to favor
curricula that connect concepts both within and across areas of
mathematics and science — connections that now are in high
demand in both higher education and the workplace.

Chapter 4 (P-12 Student Assessment in Mathematics and
Science) deals with a component of state systems of education
currently undergoing considerable change, a direct result of the

federal government’s No Child Left Behind Act of 2001
(NCLB). Increased costs associated with expanding the size of
state assessment programs, in terms of both the number of grade
levels and students tested, are running up against shrinking state
education budgets. States are grappling with the challenges of the
alignment of tests and content standards and the comparability of
assessment results across grade levels. Because of states’ heavy
dependence on test results in judging system performance, P-16
councils are urged to review carefully the quality of test data, the
manner it which it is analyzed, and the uses to which it is put.

Chapter 5 (P-12 Teacher Quality) documents the central role of
well-educated, highly committed, and well-supported teachers in
the success of students. Based on the premise that effective math-
ematics and science education demands that every student have
access to such teachers every year of his or her P-12 schooling, it
presents the challenges of solving the current (and growing)
supply and demand problems — that is, of attracting, preparing,
and retaining highly qualified teachers. To address that challenge,
P-16 council leaders are urged to take actions that will elevate
teacher education as an institution-wide priority in higher educa-
tion; elevate the quality of programs of teacher preparation and
lifelong professional development; elevate support for the quality
of the teaching environment; and elevate public perception and
appreciation of the profession of teaching.

Chapter 6 (System Accountability) refocuses attention on the
BHEF objective to improve the system of education. The chapter’s
title speaks to the need to hold the entire P-16 system accountable
for P-12 students’ performance in mathematics and science. Exam-
ining the growth of the concept of education accountability in
America leads to the conclusion that an effective accountability
system must hold the feet of all key education participants to the
fire — government officials, college and university administrators,
teacher educators, school leaders, teachers, and students. P-16
council leaders are urged to identify the accountability role of each
category of participants; to gather relevant data with which to assess
performance of each; and to urge each to accept responsibility for its
role in ensuring the system’s effectiveness in educating students.

Chapter 7 (Roles for Business and Higher Education) outlines
new directions and opportunities for the engagement of business
and higher education communities in long-term, high-impact,
system-wide efforts to improve the mathematics and science
achievement of all students. Business is asked to increase its invest-
ment in such high-level activities while ensuring that its existing
outreach efforts align with and support the school system’s strategic
plan for improvement. Higher education is asked to increase its
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involvement in activities that: support the reform work of the
state’s P-16 council; address higher education’s admission proce-
dures and courses of study; and raise teacher education to a central
role in the mission of the institution.

Chapter 8 (Coordinated National and State Public Information
Programs) discusses the need for a sustained, five-year public
information programs to gain sweeping public commitment to
strengthen the mathematics and science education of all
students. The proposed campaign is a coordinated two-tiered
effort that will stress a common set of core messages at both the
national and state levels. State-level campaigns will leverage the
national effort by translating broad national priorities for mathe-
matics and science education into state-specific priorities. A set
of core messages is offered for discussion with the understanding
that professional public information specialists must design the
overall information campaign and work with the education and
business communities in the refinement and integration of the
core messages.
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THE AMERICAN CONTEXT FOR

EDUCATION REFORM

Since a national system of education does not exist in the United
States, the American context for tackling the improvement of
mathematics and science education is unique. Instead, the U. S.
Constitution makes education the responsibility of each of 50
states, and those states must share that responsibility with a total
of approximately 15,000 school districts.

In addition, the education decision-making power vested in a
particular state government varies widely from Hawaii with its
single school district to Texas with its approximately 1,100 inde-
pendent school districts. Collaboration of P-12 and higher educa-
tion varies from Wyoming with its single university and seven
community colleges to California with its two systems of public
universities, 108 community colleges, and dozens of private insti-
tutions of higher education.

Until recently, efforts to improve education usually were efforts
that addressed a single core aspect of an education system. In the
late 1950s, for example, reform efforts focused on the retooling of
the mathematics and science teacher workforce. In the 1960s,
attention shifted to the design and introduction of new curricula
in mathematics and science. By the 1970s, the spotlight had
moved to nationwide testing. Most recent activity is directed at
improving school and district accountability.

These stand-alone interventions have generated some change, but
they have failed to improve the overall system of education. They

are, in the words of Michael Fullan, author of Change Forces:
Probing the Depths of Educational Reform, examples of “large-scale
tinkering” that cannot be expected to repair a system, because “it is
simply unrealistic to expect that introducing reforms one by one,
even major ones, in a situation which is basically not organized to
engage in change will do anything but give reform a bad name.” 1

A BRIEF HISTORY OF SYSTEM REFORM

FEDERAL INITIATION OF P-12 SYSTEM REFORM

In the early 1990s, the National Science Foundation (NSF)
undertook a bold initiative intended to improve entire state
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systems of mathematics and science education. During the
course of its funding period, NSF’s Statewide Systemic Initiative
(SSI) program promoted a systems approach to improving P-12
mathematics and science education in 25 states and Puerto Rico.

The funds granted to a state were to support a five-year process
that engaged state leaders in planning and implementing coordi-
nated changes of nine system elements: P-12 student content
standards; P-12 curricula; P-12 student assessment; teacher
professional development; state education policies; P-16 partner-
ships; convergence of fiscal resources; equity in educational
opportunities; and the gathering, interpretation, and use of data.

System reform was a learn-as-you-go process for all involved in the
SSI program, including NSF itself. Since then, NSF and its grantees
have grown in their understanding, conceptualization, and imple-
mentation of systemic reform of mathematics and science education.

A 1998 study of the SSIs noted accomplishments in classroom
impact, instructional materials, teacher professional develop-
ment, alignment of state policy, leveraging other funds, mobi-
lizing stakeholders, development of a leadership pool, and
understanding what works.2 Collectively, the SSI project direc-
tors concluded that:

• no one best way exists to improve a system;
• coordination of a state’s diverse efforts to improve educa-

tion is essential to achieving coherence;
• quality control during implementation at the local level

must be maintained;
• fundamental change takes time;
• all teachers in a system must be included in high-quality

professional development;
• strategies must be developed to mobilize the higher educa-

tion community that is responsible for the preservice
education of teachers;

• community and parental support is essential;
• state assessments must provide data on achievement gaps

between groups of traditionally underserved and their
better-served peers; and

• accumulation and appropriate use of data on all aspects of
system change must be improved and, in some cases, created.

TECHNICAL AND POLITICAL

ASPECTS OF SYSTEM REFORM

In 2002, a Horizon Research report on the SSIs underscored two
aspects of the strategic thinking necessary for planning and imple-
menting an SSI — the technical strategy and the political strategy.4

“The technical strategy, which spans both the planning and
implementation phases of the initiative, addresses specific
elements of the system: teacher capacity; infrastructure for deliv-
ering assistance to schools and teachers; and policies related to
curriculum standards, instructional materials adoption, and
student assessment.”4

The political strategy, which was new a new concept for some
SSIs, includes some combination of the following:

• “involvement of important and influential individuals,
groups, and organizations within the state mathematics
and science education system and context;

• communications that allow the initiative to monitor the
state context, disseminate information to key stakeholders,
and to obtain timely input; and

• a plan to position the initiative as the voice for science and
mathematics reform within the state.”5

According to the Horizon study, most SSIs addressed the tech-
nical aspects of the project first, while few attended to political
demands from the outset. In short order, however, each SSI was
operating in a political environment where the political strategies
were as important as the technical ones.

The directors of successful system reform efforts were those who
learned how to forge new relationships with policymakers and
with leaders at all levels of the state’s education system; to made
compromises on goals and procedures; and to adjust the technical
strategies of the initiative.

THE P-12/POSTSECONDARY

“DISCONNECT” IN SYSTEM REFORM

Although funding for the SSI program has expired, the systemic
approach to the reform of mathematics and science education
continues at state and local levels. The collective experiences and
studies generated by the SSI effort have had a major influence on
the thinking and work of educational reformers.

The systemic, P-16 approach to improving mathematics and
science education has gained widespread attention and acceptance
by states and districts because it addresses the typical disconnect
among component parts of the education system — a disconnect
that is a major impediment to improving academic achievement
for all students.

The Stanford University’s Bridge Project has reported several
characteristics of a disconnected system:6
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Stanford’s Bridge Project, a six-year national study that began
in 1996, sought to answer questions related to how states
are developing K-16 reforms, such as: “What are the policy
structures in place that support, assist, or confuse students,
their parents, and K-12 educators? How are postsecondary
education admissions standards and placement policies, as
well as relevant state-level reforms, communicated to, and
interpreted by K-12 stakeholders? Are there differences in
how students receive and interpret those policies?” 

The Project investigated these issues in regions of California,
Illinois, Georgia, Maryland, Oregon, and Texas. Researchers
interviewed state agencies and university and community
college staff and faculty; talked with high school teachers,
counselors, and administrators; surveyed high school students
and their parents; and spoke with groups of high school
students and community college students. The research high-
lighted a number of disconnections between high school and
college that prohibit a smooth transition to postsecondary
education and, for many students, terminate their aspirations
for successful completion of postsecondary training. 

In its report, Betraying the College Dream: How Discon-
nected K-12 and Postsecondary Education Systems Under-

mine Student Aspirations, the Bridge Project describes
problems that exist in a K-16 system; provides context for
why those problems exist; and offers recommendations to
improve the system. The following three actions are identi-
fied as highly promising for initiating reform:

• “Provide all students, their parents, and educators
with accurate, high-quality information about, and
access to, courses that will help prepare students for
college-level standards…

• Focus on the institutions that serve the majority of
students. Shift media, policy, and research attention
to include broad access to colleges and universities
attended by the vast majority of students (approxi-
mately 80 percent)…

• Create awareness that getting into college is not the
hardest part. Expand the focus of local, state, and
federal programs from access to college to include
success in college.”

The Bridge Project
The Stanford Institute for Higher Education Research
http://www.stanford.edu/group/bridgeproject/

STANFORD UNIVERSITY’S BRIDGE PROJECT:
CONNECTING P-12 AND POSTSECONDARY EDUCATION

• High school assessments stress knowledge and skills
different from college entrance and placement requirements.

• Because of a difference in an underlying set of standards, a
disconnect between high school and college coursework
has occurred.

• Many students and parents do not know what is expected
of students when they enter college.

• Data collection and analysis procedures are not designed to
address issues across levels of the education system.

• No one is responsible for guiding reform of the overall P-
16 system.

Research conducted for the Bridge Project has produced several
recommended actions directed at properly connecting the P-12
and postsecondary segments of a P-16 system.

CONSEQUENCES OF THE P-12/
POSTSECONDARY DISCONNECT

The disconnect between P-12 and higher education causes many
significant problems. Where postsecondary institutions have
developed admission and placement standards without input from
P-12 educators and policymakers, students fall into assessment
and communication gaps.

Disconnected P-12/Postsecondary Assessment Goals

Two tests heavily relied upon by colleges and universities, the
American College Test (ACT) and the Scholastic Aptitude Test
(SAT), were not designed to align with new state P-12 standards.
For nearly 50 years, the sole purpose of the SAT has been to
measure student aptitudes — developed abilities that are inde-
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pendent of school experience — and to use those measures to
predict success in college work.

However, the College Entrance Examination Board (CEEB) is
developing a new version of the SAT — the New SAT —
designed to serve a new purpose.7 The New SAT will surpass the
previous test’s goal of predicting college success and instead aim to
influence secondary school curricula. The CEEB also is making
specific recommendations regarding what schools should teach:
“The idea is that the test’s rigorous new curricular demands will
lift all boats — that all schools will improve because they want
their students to do well on the test.”8

Disconnects in Communicating With Traditionally 
Underserved Students

Minority, immigrant, and economically disadvantaged students
who strive for good grades as the basis for college admission
often do not realize that the admission decision depends
heavily on the results of tests of which neither they nor their
parents have knowledge — ACT, SAT, and college placement
tests. Lack of clear communication about higher education’s
entry-level expectations of students and its use of placement
tests designed without regard to P-12 standards and curricula
adds to the cost and length of postsecondary education.
Evidence of this is the high rates of enrollment in postsec-
ondary remedial courses.

In the fall of 2000, 71 percent of America’s degree-granting insti-
tutions offered an average of 2.5 remedial courses in mathematics.9

The probable causes of extensive remediation and high college
drop-out rates, rates that reach 50 percent in some university
systems, point to shortcomings in academic counseling and infor-
mation resources provided by high schools, and conflicting expec-
tations of college entrance and placement assessments.10

Disconnected P-12/Postsecondary Expectations

And while this situation likely is exacerbated by mismatches
between P-12 graduation standards and entry-level expectations of
higher education, simply aligning those standards will not solve the
problem. Expectations must be clearly communicated among all
stakeholders — students, parents, teachers, secondary and higher
education counselors, higher education faculty, and employers —
and tied to policies that bind together the P-16 system.

Too often, the only attention given to these problems is finger
pointing. Postsecondary institutions blame high schools for

graduating poorly prepared students. High school administrators
blame colleges for doing a poor job of preparing teachers. High
school teachers blame elementary and middle schools for not
preparing students for high school. In short, “everyone is to
blame; no one is responsible.”11

REFOCUSING SYSTEM REFORM:
A P-16 APPROACH

State leaders are finding that a P-16 view of education is a logical
way to unite standards-based instruction, new assessment
programs, strong interest in accountability, and a systemic
approach to reform.

According to the Education Commission of the States (ECS),
“creating a more integrated, seamless education system involves
grappling with a host of complex issues, including standards,
testing, teacher education, college admissions policies, governance,
funding streams and institutional turf issues, to name just a few.
During the past decade, states have begun to move away from
dealing with such issues on a piecemeal basis in favor of a more
comprehensive approach.”12

The most recent and widespread endorsement of the approach is
found in the formation of a network of state and district K-16 or
P-16 councils, the NASH/EdTrust State K-16 Network, whose
long-term purpose is to promote the coordination of reform
systemically across the different sectors of the education system.13

A NATIONWIDE PLAN FOR

RESOLVING A NATIONAL PROBLEM

In countries with centralized systems of education, such as Great
Britain, France, and Japan, nationally identified education problems
give rise to national — that is, centralized — programs of reform. In
America, with its decentralized organization of education, nation-
ally identified problems in education are resolved state by state.

Therefore, the task of organizing, leading, and implementing
efforts to improve mathematics and science education must be
tailored to match the education policies and priorities of each
state. However, the BHEF believes that the national imperative to
improve mathematics and science education cannot be met by 50
wholly independent efforts.

While system change in America cannot be national, it can be
nationwide — that is, state-by-state and collaborative. Specifically,
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the task demands a nationwide plan to promote the establishment
of common new elements of state education infrastructures — P-
16 councils — each with a five-year timeline to achieve the
common goal of organizing, leading, and implementing reform
agendas that support the continuing improvement of P-12 mathe-
matics and science education.

SOME LESSONS LEARNED

ABOUT SYSTEM REFORM

SYSTEM-TO-SYSTEM TRANSPLANTS:
THE SEARCH FOR “WHAT WORKS”

In 2002, the U.S. Department of Education (DOE) funded the
What Works Clearinghouse (WWC) to encourage informed
decision making in education. The goal of the Clearinghouse is
to assist states, districts, and schools in sorting through the
plethora of educational interventions — programs, practices,
products, and policies — and sifting through the evidence of
success associated with each.

Simply put, the WWC’s task is to put claims about “what
works” in education on a scientific footing. It is to “transform
educational improvement into an evidence-based field by clearly
establishing scientifically based research as a benchmark for
determining the effectiveness of replicable educational interven-
tions; making scientifically based research evidence more avail-
able to educators and policymakers; and encouraging its use by
educators, researchers, policymakers, and the public.”14

The WWC is focusing on research that examines those educa-
tional interventions that will improve student outcomes.15 Its
Evidence Reports are to be useful to decision makers in their
efforts to determine whether specific interventions are appropriate
for meeting the educational needs of their state or district.

WWC research review standards to be used in the preparation of
the Evidence Reports have been approved by a team of nationally
recognized methodology experts, and work has begun on three
reports related to curriculum-based interventions for increasing
K-12 mathematics achievement. A report on middle school math-
ematics’ interventions will be followed by a report on elementary
school interventions and, finally, high school interventions.

AVOIDING TRANSPLANT REJECTION:
MAKING “WHAT WORKED” WORK AGAIN

The What Works Clearinghouse is, in fact, the What Worked
Clearinghouse. Its contribution to education reform is in verifying
that certain interventions have worked with some teachers and
students in the educational context of some P-16 systems.

Although the WWC is careful to label those interventions as
potentially replicable, decision makers who see the “What Works”
in the Clearinghouse title, but miss the “potentially” in the small
print of the Clearinghouse work plan, are likely to infer that
WWC-researched programs are easily transportable from one
system to another with a high probability of success. That infer-

11

The National Association of System Heads (NASH), an
organization of chief executive officers of 52 public higher
education systems across the United States, and The
Education Trust, an organization that encourages higher
education support of K-12 education reform, have collabo-
rated to form The NASH/EdTrust State K-16 Network. 

The Network supports interactions among 22 state organi-
zations composed of public higher education, K-12, and
civic leaders focused on statewide K-16 improvement
strategies. It helps states build a common framework
among higher education and K-12 leaders by creating a
system-wide approach to education reform and by
increasing the capacity of senior K-16 staff leaders to carry
out the tasks of K-16 initiatives.

National Association of System Heads
and The Education Trust
NASH/EdTrust State K-16 Network
http://www2.edtrust.org/EdTrust/State+and+Local+
K-16+Initiatives/nash.htm

A NETWORK OF STATE K-16 
EDUCATION SYSTEMS
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The GEAR UP (Gaining Early Awareness and Readiness for
Undergraduate Programs) is a U.S. Department of Educa-
tion (DOE) initiative designed to increase the number of
low-income students who are prepared to enter and
succeed in postsecondary education. Initiated in 1998,
GEAR UP supports states and partnerships that coordinate
the efforts of 370 institutions of higher education, 800
school districts, and more than 1,000 business, commu-
nity, and non-profit organizations in their efforts to assist
low-income students to prepare academically and finan-
cially to enter into and succeed in college. 

Although not specifically aimed at increasing the participation
of disadvantaged students in the science, technology, mathe-
matics, and engineering (STEM) fields, GEAR UP strives to
increase the overall number of low-income students prepared
to succeed at the undergraduate level. In doing so, it has the
potential to improve enrollment rates in these fields.

Nationwide, the GEAR UP program provides: 
• a continuous system of mentoring, advising, coun-

seling, and tutoring;
• information about higher education options, required

academic courses, and financial aid;

• student access to rigorous courses that help prepare
them for college;

• staff development for teachers, tutors, guidance
counselors, and other school staff;

• organization of activities to foster parental involve-
ment in preparing students for college;

• administration of skills assessments and provision of
tutoring and other services to improve student
achievement; and

• services specially designed for students of limited
English proficiency.

GEAR UP grantees work with a cohort of students for
several years, beginning no later than the seventh grade and
continuing through high school. GEAR UP funds also are
used to provide college scholarships to low-income students. 

GEAR UP success stories are reported on the DOE
GEAR UP web site: http://www.ed.gov/programs/
gearup/index.html

U.S. Department of Education
Gaining Early Awareness and Readiness for 
Undergraduate Programs
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ence would ignore the effects of each system’s unique educational
context and the array of local conditions that govern change.

The extent to which the local context shapes and controls educa-
tional change has been documented in system-change efforts
focused on improving student outcomes. How a P-16 system
implements the work of improving mathematics and science
education is as important as what it seeks to accomplish.

Three decades of large-scale system reform efforts suggest that
effective system-improvement work, like all politics, is local. Poli-
cies, programs, or practices that have been effective in improving
one system may work in other systems, but they are not easily
transported to other systems.

Different types of successful intervention efforts exist. Among
them is GEAR UP (Gaining Early Awareness and Readiness
for Undergraduate Programs), an effort that began in 1998, and
was designed to help students of low-income middle schools and
high schools prepare to successfully pursue a college education.
Its partnerships of businesses, K-12 education groups, colleges,
and civic organizations provide students with the career guid-
ance and extra academic support so often unavailable in those
schools.16

The goals and activities of the Louis Stokes Alliance for
Minority Participation (LSAMP) program are a natural exten-

WHAT HAS WORKED: TARGETING LOW-INCOME MIDDLE SCHOOL AND

HIGH SCHOOL STUDENTS

How a system goes about the selection 
and adaptation of what has worked 
elsewhere is…critical to the successful 
capture of what worked.



sion of GEAR UP. LSAMP targets minority students enrolled
in science, technology, engineering, and mathematics (STEM)
college programs, providing services to ensure their successful
completion of baccalaureate work and their preparation for the
workplace or graduate study.

The NSF has funded eight Curriculum Implementation Sites that
offer states and districts assistance in choosing and implementing
K-12 mathematics and science curriculum. The Implementation
Sites differ in their content focus and program offerings, but all
provide assistance on curriculum-related issues. (see Sidebar p. 17)

These several successful interventions are models of potential
value to systems seeking to make similar improvements. Modifi-
cation of their tested materials and practices can be simpler and
less costly than the creation of new ones. How a system goes
about the selection and adaptation of what has worked elsewhere
is, however, critical to the successful capture of what worked.

The implementation of new curricula is perhaps the most wide-
spread type of intervention effort. The experiences of curriculum
implementation groups provide insight into the difficulties of
making what has worked work again. Clearly, standards-based
mathematics curricula that have been used by some teachers in
some systems to improve some student outcomes to some degree
do exist.17 Some “model” mathematics curricula have been success-
fully implemented in several systems.18, 19

But regardless of the number of previous successful introductions
of a given curriculum, each new adoption or adaptation requires a
significant upfront investment of time to assess and address the
context of change of the system seeking improvement.

Prior to launching the implementation of a curriculum, the
system must establish the why and what of change; conduct
detailed assessments of the current status of the system; build
widespread commitment to proposed changes; examine possible
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The Louis Stokes Alliance for Minority Participation
(LSAMP) is a National Science Foundation (NSF) program
aimed at increasing the quality and quantity of students
successfully completing STEM baccalaureate degree
programs and the number of students prepared for either
graduate study or professional practice in STEM fields. 

LSAMP supports the establishment of alliances composed
of representatives from school systems, community
colleges, colleges and universities, federal, state, and local
government agencies, national laboratories and centers,
industry, private foundations, and STEM professional organi-
zations. These alliances develop projects that focus on
improving the undergraduate educational experience and
the transition students experience at critical decision points
during their educational life: the transitions between high
school and college; two- and four-year colleges; undergrad-
uate study and the workplace; undergraduate study and
graduate study; graduate study and non-academic employ-
ment; and graduate study and academic employment. 

LSAMP activities include: recruitment activities initiated as
early as the seventh grade; “bridge” programs for middle
and high school students; college orientation programs for

freshmen; mentoring and peer-support programs; supple-
mental instruction opportunities; research experiences; and
career development activities including Graduate Record
Exam (GRE) workshops and summer employment opportu-
nities in industry. 

LSAMP projects have also addressed undergraduate
curriculum reform as a strategy for increasing the enrollment
in STEM disciplines. The restructuring of undergraduate gate-
keeper courses in calculus, chemistry, and physics included
increased emphasis on collaborative learning, a non-competi-
tive approach to problem solving, and workshops conducted
by trained peer tutors and faculty members.

National Science Foundation
Louis Stokes Alliance for Minority
Participation Program

WHAT HAS WORKED: INCREASING MINORITY PARTICIPATION IN SCIENCE,
TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM) 



resources for achieving proposed changes; adapt selected
resources to local conditions; build system leadership capacity for
implementing change; and establish benchmarks for, and appro-
priate measures of, progress.

All of this is necessary so that members of the system become
advocates, rather than victims, of change. The system also must
commit to the long-term costs of sustaining and, over time,
changing what has been changed. The improvement of mathe-
matics and science education is an ongoing process, not an event.

ORGANIZING FOR SYSTEM CHANGE:
GUIDELINES FOR LEADERSHIP COUNCILS

In 2000, the ECS reported on efforts by 24 states using a K-16, P-
16, or P-20 approach to improve student achievement by creating
“a seamless system in which all levels of education coordinate,
communicate, and educate as one system instead of several.”20

A P-16 system has many desirable inherent strengths,21 among
them:

• aligning goals at all levels and creating a learning environ-
ment that expects everyone to master challenging material;

• establishing a logical progression of standards and assess-
ments, clear expectations, aligned curricula, and strong
support services that lead to better academic performance
and reduced needs for remediation at all levels; and

• highlighting artificial barriers, such as a confusing mix of
P-12 exit examinations and requirements, college
entrance examinations and requirements, and college-
placement assessments, and drawing leaders together to
address them.

When fully functional, a P-16 system is both efficient and effec-
tive because it can be expected to produce: collaboration between
education professionals at all levels; alignment of standards and
curriculum across levels; widespread parent, community, and
student understanding of goals and expectations; significant
reduction in the amount of postsecondary remedial work required;
and lower dropout rates in both secondary schools and colleges.

Apropos to the conclusion regarding SSIs that no one “best
way” exists to improve a system, states are undertaking P-16
reform using several different structures and starting points.
However, lessons learned from a decade of system reform initia-
tives in mathematics and science education have yielded basic
guidelines for planning the work of a council. To achieve effec-
tive system reform, reform that will demonstrably improve the

mathematics and science achievement of all P-12 students and
will ensure the quality of their teachers, the council must estab-
lish the following:

A Shared Vision: The statewide vision for P-12 mathematics
and science education must encompass all levels of the P-16
system. It must reflect the identified needs of the specific P-16
system being addressed and the consensus opinion of the all the
major stakeholder groups. It must be understood, supported, and
clearly stated by the state’s educators, business leaders, and poli-
cymakers.

A Shared Plan: The plan for reaching the state’s vision for P-12
mathematics and science education through coordinated change
in policies and programs at every level of P-16 mathematics and
science education must be understood and supported by the
state’s educators, business leaders, and policymakers. Clear prox-
imate benchmarks in the plan are critical both for establishing
council effectiveness and for sustaining members’ commitment
to council work. Roles and responsibilities for all stakeholders
must be stated clearly.

Policy Coherence: The entire package of P-16 education policies
at the state, district, and school levels must focus on standards-
based improvement of P-12 mathematics and science education.

Program Coherence: Programs for students, teachers, or
teacher educators intended to improve a P-16 system of mathe-
matics and science education — whether offered by the state’s
department of education, school districts, institutions of higher
education, businesses, or foundations — must be aligned with
the state vision and with each other to avoid conflict of purpose
or redundancy.

Program Coordination: A system-wide plan must be developed
for the coordinated implementation of five related components
of P-12 mathematics and science education: student standards;
curricula; student assessments; teacher quality; and system
accountability.

P-16 Resource Alignment: Collaboration in the use of federal,
state, district, and private funds must take place to ensure that the
P-16 education programs they support are complementary and are
consistent with the shared vision for improvement of mathematics
and science education.

Plan Evaluation and Refinement Procedures: The council must
collect data designed to assess how well its plan for improving
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mathematics and science education is working at all levels of the
P-16 system. The plan itself must include a procedure for contin-
uous refinement based upon what is learned from evaluation of
its effectiveness.

Audience-Specific Progress Reporting Procedures: The council
must develop procedures for reporting periodically to each of
several audiences — including state educators, business leaders,
policymakers, parents, and the general public — about its progress
in implementing its plan to improve the P-16 system of mathe-
matics and science education.

SUSTAINING SYSTEM CHANGE:
THE NECESSITY OF BUSINESS LEADERSHIP

Contrary to the word “Initiative” in the title of NSF’s Statewide
Systemic Initiative or SSI program, the program’s goal was to go
beyond initiating change. That is, its long-term goal was to build
state infrastructure that would sustain system change. In this
regard, collaborative involvement of policy and business leaders
emerged as a critical strategy in system reform.

While states are active in legislating the improvement in mathe-
matics and science education, good ideas and good intentions fall
victim to changes in political leadership; to lack of a clear imple-
mentation strategy; to absence of a body charged with guiding
execution and evaluation of changes; and to emerging opposition
from groups affected by the legislation.

Laws are passed, but implementation fades away for lack of
political commitment. The hard lesson is that “even more than
most other policy issues, the process of building a standards-led
education system does not end for policymakers when the ink on
the policy dries.”22

A National Education Goals Panel study of two states, North
Carolina and Texas, in which statewide gains in mathematics
scores were both significant and continuing, concluded that
business leadership was a key factor in sustaining the states’
successful reform work.23 Establishment of a lasting reform
infrastructure was the most important aspect of the initiatives in
the two states.

In both states, system reform was initiated by governors who
made education a high priority. However, both states subse-
quently experienced changes in the party affiliation of key office
holders (including the governors). To ensure that improvement
of education would remain a focus of debate and that reform

initiatives would not succumb to election cycles, the business
community funded and led business-education-policymaker
coalitions that provided stable, persistent, and long-term direc-
tion to implementation of the system-change agenda.

In each state, the business community remained constant in its
advocacy for education reform, achieving compromises with
education leaders and enabling passage of necessary legislation.
Therefore, despite changes in political leadership, ongoing support
remained for key reform policies, such as content standards, stan-
dards-aligned assessment, and system accountability.

Experiences in North Carolina and Texas underscore the impor-
tance of the deep and sustained involvement of a small number
of business leaders.24 This core group advances effective system
change by studying all sides of education issues; establishing
relationships with decision makers at all levels; and explaining
the situation to other, less involved, business leaders. The task of
these few is to engage the many in productive reform.

In its prescription for effective collaboration with business in
system reform, the first two practices recommended by BHEF are:

• Involve as many different parties as possible. Make certain
that representatives from public schools, colleges and
universities, and business are present. Seek involvement by
elected officials, community organizations, and unions,
where possible.

• Involve the highest level of leadership: company executives,
school superintendents and principals, and chancellors and
presidents of colleges and universities.

SECURING PUBLIC SUPPORT FOR SYSTEM REFORM:
THE NEED FOR SUSTAINED COMMUNICATION OF

CORE MESSAGES

A recent conference sponsored by the DOE addressed the nature
of core messages that might help the public understand why
mathematics and science education matters. The conference
affirmed the need for a broad-based national public information
campaign to develop that understanding. It was proposed that a
campaign to draw attention to the need for better mathematics
and science education in the nation’s schools must:

• make clear that the next generation needs greater knowl-
edge of mathematics and science than was required of
their parents;

• describe the benefits of mathematics- and science-oriented
careers and of the need to prepare for them throughout
school; and 
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• develop a realization that U. S. competitiveness in the
global economy is dependent upon all students learning
more mathematics and science.25

Following the conference, the DOE proposed that such a public
awareness initiative be launched in collaboration with the business
community and professional organizations of mathematicians,
scientists, and engineers. Businesses and federal departments and
agencies also should work with educators in developing the
messages, leveraging dissemination efforts, and coordinating the
development of programs and materials with state standards and
initiatives in mathematics and science.26

RECOMMENDATIONS FOR STRUCTURES AND

GOALS OF A P-16 COUNCIL

1. Each state should establish a P-16 education council to guide
and support the development of a statewide system of policies,
programs, and practices in the long term. P-16 council member-
ship should have balanced representation from business, all levels
of education, and state government. In particular, it must include
P-12 classroom teachers and administrators, since these leaders
have unique understanding of what must and might be done to
successfully bridge the final inch of the education gap between
policies and pupils. Council membership also must include
community college leaders, since the number of students taking
basic undergraduate courses in mathematics and science at these
institutions is both large and increasing.

The council should be charged with defining, benchmarking, and
initiating a statewide P-16 plan to ensure that all P-12 students
successfully complete a high-quality mathematics and science
education. It should build consensus for, promote, implement, and
monitor the P-16 system of statewide policies, programs, and
practices. To facilitate statewide implementation, council structure
might include affiliated regional councils engaged in tailoring
policy implementation to local conditions.

Leaders from business and higher education must commit to
unique, expanded, and long-term roles in the work of the P-16
council. In those roles, they must provide more effective support
to P-12 educators in achieving system change.

Business must increase its investment in high-impact activities
that are focused on P-16 system change and must reexamine its
entire education outreach investment portfolio to make certain
that all parts — however large or small — are aligned with and are
in direct support of the system’s change plan.

Higher education, because it is the source of the P-12 teacher
force and because it is positioned between P-12 education and the
workplace, must place teacher preparation at the center of its
mission and must work to eliminate the “expectations gap”
between the knowledge and skills required for graduation from
high school and the knowledge and skills expected for successful
entry into postsecondary courses.

2. Each state P-16 council should develop a plan for the coordi-
nated improvement of five key system components27 affecting P-
12 mathematics and science education:

• P-12 student content standards in mathematics and
science;

• P-12 curricula in mathematics and science;
• P-12 assessment in mathematics and science;
• P-12 teacher quality; and
• System accountability for P-12 education.

P-16 councils should not set out to improve any one of the above.
Rather, they must improve all of the above. The five P-12 system
components are inseparable. Intervention in any one of them
requires interventions in the other four. It is critical that P-16
councils’ plans anticipate and deal with the cross-component
effects of change.

P-16 councils also must anticipate and promote related changes in
institutions and agencies outside the P-12 system. The success of
P-12 improvement efforts often will be dependent upon timely
changes in the education policies and programs of higher educa-
tion, business, and government. Therefore, coordinated P-16 atten-
tion to aligning issues both within and without the P-12 system is
a necessary condition for the improvement of P-12 outcomes.

3. Each state P-16 council should regularly report on the progress
of system reform efforts in the state. Based upon data from a
centralized state or district evaluation system, the council should
report regularly to the state’s policymakers, employers, system
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members, students, and the public on system-coordination proj-
ects and progress. The council should document and report prom-
ising P-12 programs of mathematics and science education in the
state; exemplary school leadership in improving mathematics and
science education; and exemplary performances by students and
teachers. Reporting should use both existing media channels and
special publications addressed to specific audiences to describe and
evaluate the nature, value, and system-wide coherence of evolving
content standards, curricula, student assessments, system account-
ability, and teacher quality.

4. Each state P-16 council should initiate and guide a statewide,
professionally designed public information campaign to make
mathematics and science education a public priority. A five-year
state public information campaign should be professionally
designed around a small set of core messages. The core messages
should be tailored to fit the state’s P-12 content standards,
employment opportunities in the state, and entry-level expecta-
tions of the state’s postsecondary institutions.

The campaign should go beyond simply making students and
parents aware of such issues as the adoption of higher standards at
various levels of education; the need for academic planning begin-
ning in the middle grades; procedures and opportunities associ-
ated with going on to postsecondary education; and the
educational expectations of employers. It should provide parents
and students with clear, specific, upon-request information on
these issues. The campaign should be linked to, and should serve
the advancement of, a state P-16 system of education.

SHARING CURRICULUM THAT HAS WORKED:
NATIONAL SCIENCE FOUNDATION’S CURRICULUM

IMPLEMENTATION SITES

The National Science Foundation’s (NSF) Curriculum Imple-
mentation sites provide assistance to schools, teachers,
administrators, parent groups, and other community
members and constituencies interested in improving math-
ematics and science opportunities and experiences for all
students. The Implementation Sites include:

• Mathematics Curriculum Center for K-12 Mathe-
matics Curriculum;

• Show Me Center for Middle School Mathematics
Curriculum;

• The ARC Center for Elementary School Mathematics
Curriculum;

• Compass for Secondary School Mathematics
Curriculum;

• CESAME for K-12 Mathematics and Science
Curriculum;

• EDC K-12 Science Curriculum Dissemination Center
for K-12 Science Curriculum;

• Science Curriculum Implementation (SCI) Center at
BSCS for High School Science Curricula; and

• LASER Center for K-8 Science Curriculum.

National Science Foundation
Curriculum Implementation Sites
http://www.ehr.nsf.gov/esie/resources/impsites.asp
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NATIONAL MODELS FOR STATE P-12
CONTENT STANDARDS

The setting of standards for what P-12 students should know and
be able to do in mathematics and science began in earnest in 1989
with the release of the National Council of Teachers of Mathe-
matics’ (NCTM) Curriculum and Evaluation Standards for School
Mathematics28 and the American Association for the Advancement
of Science’s (AAAS) release of Science for All Americans.29

The NCTM document set standards for what mathematics
should be taught and how student performance should be meas-
ured. The AAAS document defined the meaning of scientific
literacy for high school graduates.

During the next decade, the mathematics and science communities
continued to refine, revise, and expand their standards-setting efforts.

In 1996, the National Research Council (NRC) published the

The National Science Education Standards (NSES),
published by the National Research Council (NRC) in 1996,
go beyond defining the knowledge and skills that students
should acquire. The NSES encompass an array of issues
that together define what it will take to create a scientifi-
cally literate population. Six related sets of standards
address the requirements for delivering a system of
science education.

1. Standards for Science Teaching: Outlines what
teachers of science at all grade levels should know
and be able to do.

2.Standards for Professional Development for Teachers
of Science: Presents a vision for the development of
professional knowledge and skill among teachers.

3.Standards for Assessment in Science Education:

Provides criteria against which to judge the quality of
assessment practices.

4.Standards for Science Content: Outlines what
students should know, understand, and be able to do
in the natural sciences during the course of K-12
education.

5.Standards for Science Education Programs: Describes
the conditions necessary for quality school science
programs.

6.Standards for Science Education Systems: Identifies
criteria for judging the performance of the overall
science education system.

National Research Council, 1996
National Science Education Standards
http://www.nap.edu/readingroom/books/nses/

A LOOK AT K-12 SCIENCE STANDARDS

Business-Higher
Education Forum
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National Science Education Standards (NSES)30 which proposed
sets of standards in six related areas of school science: P-12 science
content; procedures for teaching that content; professional devel-
opment of teachers; student assessment; P-12 science curricula;
and science program and system strategies.

In 2000, the NCTM revisited its standards-setting efforts and
published the Principles and Standards for School Mathematics31 to
address P-12 mathematics content, instruction, and assessment
standards.

STANDARDS VERSUS STANDARDIZATION

Adoption of standards for mathematics and science education
should not be confused with standardization of mathematics and
science education. Standardization, the mandating of a single,
rigorous set of national student-performance expectations at each
grade level and use of a single set of curriculum materials in all
schools, recently has been challenged by education leaders in
countries that have a standardized national curriculum and that
have consistently outscored the United States on international
assessments of school mathematics and science.

In particular, the Japanese Ministry of Education has expressed
concern that its curriculum in mathematics has suppressed inde-
pendent thinking and creativity in problem solving, and has
created student stress rooted in fear of failure. As a result, less than
one in four older students reported that they enjoyed school.32

Such national standardization is not a concern in the United
States, since the U.S. Constitution delegates primary responsibility
for education to the states. It therefore disallows the imposition of
a national curriculum for mathematics and science education.

The NCTM and NSES standards are not a national curriculum.
Rather, they represent the best thinking of what mathematics and
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The NCTM and NSES standards are not
a national curriculum. Rather, they repre-
sent the best thinking of what mathematics
and science skills and knowledge students
will need to function in the 21st century.

A LOOK AT K-12 MATHEMATICS STANDARDS

Principles and Standards for School Mathematics,
published by the National Council of Teachers of Mathe-
matics (NCTM) in 2000, describes six principles governing
a high-quality mathematics education and details the math-
ematical content and processes that students should learn.
The six principles for school mathematics that “reflect
basic perspectives on which educators should base deci-
sions that affect school mathematics” are:

1. The Equity Principle: Excellence in mathematics
education requires equity — that is, high expectations
and strong support for all students.

2. The Curriculum Principle: A curriculum is more than a
collection of activities. It must be coherent, focused
on important mathematics, and well articulated
across the grades.

3.The Teaching Principle: Effective mathematics
teaching requires understanding what students know
and need to learn, and then challenging and
supporting them to learn it well.

4.The Learning Principle: Students must learn mathe-
matics with understanding, actively building new
knowledge from experience and prior knowledge.

5.The Assessment Principle: Assessment should
support the learning of important mathematics and
furnish useful information to both teachers and
students.

6.The Technology Principle: Technology is essential 
in teaching and learning mathematics. It influences
the mathematics that is taught and enhances
students’ learning.

The standards for school mathematics describe the mathe-
matical understanding, knowledge, and skills that each
student should acquire in each of four grade bands: P-2, 3-
5, 6-8, and 9-12.The content standards — Number and
Operations, Algebra, Geometry, Measurement, and Data
Analysis and Probability — are addressed in all grade
bands, but the emphasis given to a particular standard
varies across the grade bands. 

National Council of Teachers of Mathematics, 2000
Principles and Standards for School Mathematics
http://standards.nctm.org/document/index.htm
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science skills and knowledge students will need to function in the
21st century. However, they have been widely accepted as starting
points by states and districts as they have developed their stan-
dards and curricula.

THE STATUS OF CONTENT

STANDARDS IN THE STATES

ADOPTION OF CONTENT STANDARDS

BY THE STATES

Passage of the No Child Left Behind (NCLB) Act of 200133 rein-
forced the need for state standards in the process of raising
achievement levels of all students.

Because of the high mobility of American families, educators and
policymakers charged with setting state-specific standards in
mathematics and science voluntarily drew from the model stan-
dards developed by the NCTM and the NSES. While states have
adapted those models to meet local expectations and resources, the
resulting standards have considerable portability from state to state.

As of 2003, 49 states had adopted state-level standards in math-
ematics; 46 states had adopted state-level standards in science,
and three others had science standards under  development.34 For
each state, the development of content standards for students
has been the first step in defining what has become known as
the state’s intended curriculum — the mathematics and science
that the state wants all students to learn.

Content standards are the basis for describing what will be taught
to all students year-by-year; how it will be taught; what materials
will be used in instruction; how teachers will be prepared to teach
it; professional development of teachers; student assessment;
coherent P-12 science curricula; program and system strategies;
and how student progress will be measured. Recognizing the need
for standards to evolve in response both to research findings on
teaching and learning and to the changing expectations of higher
education and the workplace, most states have established five-
year cycles for reviewing and updating their standards.

VARIABILITY IN STATE STANDARDS

AND IN THEIR IMPLEMENTATION

Although establishment of content standards is widespread and
strongly supported by educators, business leaders, and the public,
estimates of the mathematics and science curricula intended by those

standards varies from state to state. Evaluations of states’ standards
are conducted and reported on regularly by several institutions.

In 2003, evaluations showed that the majority of state mathe-
matics and science standards are “clear, specific, and grounded in
content.”35 However, a second 2003 evaluation revealed that
although the clarity of state standards had risen during the
preceding five years, and had become more measurable, specific,
and precise, few states had made their standards significantly more
challenging. The evaluation stated that “more disturbingly, they
remain less rigorous than the expectation routinely set for students
in the highest-performing nations.”36

A 2004 study of 30 state education systems conducted by the
Fordham Foundation included the evaluation of academic stan-
dards in mathematics and reading, assessments, and accountability
policies.37 State standards were rated on intelligibility and coverage
against a set of “reference standards” developed by an independent
contractor.38 The reference standards defined and prioritized
mathematics skills appropriate for students in late elementary, late
middle school, and the middle of high school. The overall rating
for mathematics standards for the 30 states is only fair.

In 1999, the Third International Mathematics and Science Study
(TIMSS)39 revealed a decline in U.S. student performance in math-
ematics from grade four to grade eight, a decline that continued
through high school. In the same year, Achieve, Inc., initiated the
Mathematics Achievement Partnership (MAP) which has devel-
oped a set of middle-school mathematics standards benchmarked
to the best international and state standards available.

Fourteen states now are working with MAP to reverse the
TIMSS performance slide by adopting and implementing middle
school mathematics standards that are benchmarked to interna-
tional standards.

The Trends in International Mathematics and Science Study
(successor to the Third International Mathematics and Science
Study and called TIMSS 2003) reported positive comparisons of
the mathematics and science performances of U.S. fourth and
eighth grade students from 1995 to 2003.

• Mathematics. U.S. students continued to score above the
international average at grade four; the U.S. average score
was higher than 13 of the 25 countries participating at
grade four. Scores improved at grade eight, where only
eight of the 48 countries participating at grade eight had
scores higher than the United States. African-American
students showed improvement at both grade levels; at
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grade eight, they closed the gap with white students by 20
points (from 97 to 77).40

• Science. U.S. student scored above the national average in
science at both grades four and eight. Because U.S. average
score in science for grade four did not improve since 1995,
the U.S. slipped in the international ranking as the scores of
the other countries did rise. The average score of students
at grade eight did improve, and both African-American
and Hispanic students closed the performance gap with
whites at grade eight.41

Foundations for Success: Mathematics Expectations for the Middle
Grades42 articulates a set of content expectations for the end of
eighth grade that incorporates the learning expectation and
objectives of high-performing nations. In addition, MAP is
developing professional development, curriculum, and assess-
ment tools based on the skills and knowledge described in Foun-
dations for Success.

Even where state or district standards clearly describe expecta-
tions for high-quality curricula in mathematics and science,
implementation falls short of intent. The implemented curriculum,
the mathematics and science that is actually taught in P-12
classrooms, often is uneven within a state. States and districts
often have not translated the expectations of the standards into
year-by-year specifications of what should be taught and how it
should be taught. Effective implementation also lags because of
the absence of coherent teacher preparation programs and

professional development experiences that prepare teachers to
help students achieve the higher standards.

Schools in areas with high poverty and with the highest concen-
trations of minority students are victims of even greater
inequities in the implementation of high-quality standards.
While studies suggest that students learn more from experienced
teachers than from less experienced ones, students in areas of
high poverty have higher rates of inexperienced teachers (double
the proportion of inexperienced teachers compared to schools
with lowest poverty and lowest concentrations of minority
students).

Research also suggests that student learning is enhanced by
computers when the computer is used to teach discrete skills.
However, for schools with high concentrations of low-income
families, only 39 percent of classrooms had Internet access
compared with 62 percent to 74 percent in schools with a lower
concentration of poverty.43

STANDARDS AND HIGH SCHOOL COURSE TAKING

Two decades of rising expectations regarding what all students
should know and be able to do in mathematics and science have
resulted in changes in the course-taking patterns of high school
students. Those changes have become public policy as states
have legislated increased graduation requirements in mathe-
matics and science.

As of 2000, 26 states required 2.5 to four courses (years) in high
school mathematics, and 20 states required 2.5 to four courses
(years) in high school science. During the decade from 1990 to
2000, the number of students nationwide taking three courses in
high school mathematics increased from 49 percent to 62
percent, and the number taking three courses in high school
science increased from 45 percent to 54 percent.44

The ACT publication, Crisis at the Core: Preparing All Students
for College and Work, reported on the benefits of increasing both
the number and the quality of the mathematics and science
courses all high school students should take to ensure their
successful transition to higher education or to the workplace.45 At
first glance, data gathered in 2004 appeared to undermine ACT
claims of academic benefits. The data showed that the percent of
ACT-tested high school students reaching the college algebra
benchmark score was the same (13 percent) for two groups:
those students who had completed the three courses of what has
been the ACT-recommended core curriculum (Algebra 1,
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Algebra 2, geometry); and those students who had completed
less than three mathematics courses.46

However, the data from 2004 also showed that when students take
one or more advanced mathematics courses beyond Algebra 2 as
well as Biology, Chemistry, and Physics, “they all benefit, regardless
of achievement level, and are much better prepared for college and
work.”47 ACT calls not only for a refinement of the core curriculum
to include one or more advanced mathematics courses beyond
Algebra 2 as well as Biology, Chemistry, and Physics, but also for a
requirement that all students take this new core curriculum to
better prepare for the rigors of postsecondary education or the
high-level skill requirements of the workplace.

Other course-taking studies indicated that completion of
advanced high school courses — in mathematics, at least — are
positively related to future achievement and income. The feder-
ally conducted High School & Beyond Survey concluded that
students finishing a course beyond the level of Algebra 2, and
subsequently entering postsecondary education, were more than
twice as likely to complete a bachelor’s degree as were students
who stopped short of Algebra 2.48

Data from the National Educational Longitudinal Survey relating
course completion in mathematics to future income revealed that
more than 50 percent of the workers earning more than $40,000
a year had two or more credits at or above the level of Algebra 2
level. By comparison, only 27 percent of workers earning
$25,000 to $40,000 annually and 20 percent of those at the
bottom of the earnings distribution had two or more credits at
the level of Algebra 2 or above.49

HIGHER STANDARDS VERSUS

THE SAME HIGHER STANDARDS

FOR ALL STUDENTS

HIGHER STANDARDS FOR ALL STUDENTS:
THE ACHIEVEMENT DISCONNECT AMONG

STUDENT GROUPS

According to the 2003 National Assessment of Educational
Progress (NAEP), sometimes called the Nation’s Report Card,
the percentage of students performing at or above Proficient in
mathematics, the level that all students should reach, was 32
percent at grade 4, and 29 percent at grade eight. Both percent-
ages were increases over the year 2000 NAEP results. No signif-
icant difference exists between the average scores of male and

female fourth and eighth graders. Significant increases in
average mathematics scores were noted for white, African-
American, and Hispanic subgroups at grade four and grade eight
during the same time period.

However, while the score gaps between white and African-Amer-
ican students for both grades four and eight decreased signifi-
cantly as did the score gap between white and Hispanic students
for grade four, the differences remain large.50

A review of the percentage of student at or above the level of
Proficient in mathematics by race and ethnicity unmasks the
shocking disparity in the delivery and success of the American
education system. In 2003, in grade four, the level of mathe-
matical proficiently was attained by 43 percent of white
students, 16 percent of Hispanic students, and 10 percent of
African-American students. For grade eight, proficiency was
attained by 37 percent of white students, 12 percent of Hispanic
students, and only seven percent of African-American students.

These achievement gaps bode poorly for America’s future, a
future that depends on a highly skilled workforce drawn from a
population that is increasingly non-white and historically under-
served by the American education system. America’s education
system must meet the needs of all students, providing them with
the skills and knowledge to become productive citizens.

Underlying the discussions and recommendations of this hand-
book is a core belief that America must commit to an education
system that sets high expectations for all of its students —
African-American, Asian-American, Hispanic, Native Amer-
ican, and white. That commitment must be coupled with a
pledge to provide the education system with the resources and
support necessary to bring all students to the high standards that
have been set for them.
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HIGHER STANDARDS FOR ALL STUDENTS:
THE DISCONNECT WITHIN EDUCATION

Unfortunately, a lack of understanding prevails about the
importance of higher mathematics and science for all students.
Many parents and students are ill-informed about the knowl-
edge and skills needed to succeed at the postsecondary level and
in today’s workplace.

Widespread commitment to the notion that simple reading,
writing, and calculating are still necessary and sufficient basic
skills persists. However, the contemporary goal of having all
students become self-sustaining, lifelong learners requires an
education system that teaches all students to think and read crit-
ically; to communicate clearly and persuasively; and to apply
knowledge to solve complex problems in mathematics and
science.51

Part of the responsibility for parents’ and students’ confusion
with respect to postsecondary education is a consequence of
what the Consortium for Policy Research in Education (CPRE)
refers to as “a profound disjuncture between K-12 and postsec-
ondary education — two systems that often act independently
and at cross-purposes from one another.”52

In a 1999 survey of college presidents and corporate leaders,53

higher education leaders reported that fewer than half of their
institutions had changed curricula or admissions procedures to
reflect new state K-12 standards and assessments.

But if higher education has failed to increase its involvement with
statewide reform of K-12 content standards, neither has it been
invited to do so. CPRE found that states develop K-12 standards
and assessments aimed at improving K-12 education, but that
work usually has been done without input from postsecondary
faculty.

A dialogue between high school and postsecondary faculty on
what students should know and be able to do must take place to
align college admissions policies and placement exams with K-
12 graduation standards and assessments. The Association of
American Universities (AAU) in collaboration with The Pew
Charitable Trusts has initiated this work with a project called
Standards for Success (S4S).

A recent S4S report, The Knowledge and Skills for University
Success, outlines what students must know and be able to do in
mathematics and science to succeed in entry-level university

courses.54 An analysis of the content of 31 high school exit exams
in mathematics from 20 state tests found no test that was well-
aligned with AAU entry-level course expectations in any one of
four skill areas: algebra, geometry, trigonometry, or statistics.

S4S is an effort to increase the alignment between what state K-
12 systems are doing and what universities are expecting  In
addition to articulating specific content knowledge and skill
standards required for university success, the project has
compiled a library of work samples and syllabi that illustrate the
quality of work that AAU-university professors expect of college
freshmen.

The S4S study concluded: “States that have high-stakes high
school tests should undertake more detailed content analyses to
determine how well the state’s academic content standards,
particularly at the exit level, align with college success standards.
The Knowledge and Skills for University Success produced by S4S
offers a good starting point for such an investigation.”55

In 2004, with its publication of Ready or Not: Creating a High
School Diploma That Counts,56 The American Diploma Project
(ADP) called on state policymakers to revisit and update their
state standards to ensure that high school graduates acquire the
skills and knowledge necessary to succeed in postsecondary
education or in high-performance, high-growth jobs.

To facilitate this effort, ADP worked with education and business
leaders in five states to identify the mathematics and English skills
and knowledge — the ADP Benchmarks — required for the real
world beyond high school. These benchmarks are augmented with
actual workplace tasks and postsecondary assignments that illus-
trate the practical application of the benchmarks beyond the high
school classroom. States may use the Benchmarks to determine
the degree of alignment between their standards and the require-
ments of postsecondary employment and education; to redefine
their default curriculum to ensure that all students succeed in their
postsecondary endeavors; and to review the content of the courses
in the core curriculum.

HIGHER STANDARDS FOR ALL STUDENTS:
THE DISCONNECT BETWEEN EDUCATION

AND BUSINESS

As worthy as the AAU effort is, it is limited to resolving the
disconnect between graduation standards of K-12 education and
entry-level expectations of postsecondary education (where “post-
secondary education” is equated with “college education”).
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Indeed, most Americans believe that college entrance require-
ments are the highest standards to which a K-12 education can
be directed. Properly viewed, however, the expectations of the
postsecondary segment of a P-16 education system also include
the entry-level expectations of the business community, and it
has been argued that the academic skills required by many
entry-level jobs are higher than those required for college.

ADP’s Ready or Not: Creating a High School Diploma That
Counts presents actual workplace tasks to illustrate the English
and mathematics knowledge and skills necessary for success in a
variety of fast-growing occupations. It maps these requirements
back to the Benchmarks it has identified as essential to a core
curriculum. A review of these Benchmarks reveals that they are
more demanding than existing state graduation tests or core
curriculum requirements.57

Workplace expectations go beyond technological skills to include
workers’ “ability to communicate effectively, access and apply work
environments, and work across the organization in teams.”58 At
present, “the majority of [college] students are severely lacking in
flexible skills and attributes.” Among them are problem solving,
analytical thinking, and basic communications (speaking,
listening, and writing).59

Anticipated educational demands of jobs in the future include
integrated knowledge of mathematics and science and skill in
applying knowledge to solve real-world problems, while at the
same time, colleges persist in teaching science and mathematics
as a collection of discrete subjects. It follows that teachers are
not experiencing integrated, contextualized education in science
and mathematics in their college programs and, therefore, are
unprepared to provide such experiences for P-12 students.60

GIVING ADDITIONAL MEANING TO

“… AND BE ABLE TO DO”

The phrase “content standards” generally is equated with “state-
ments of what all students should know and be able to do” at a
particular grade level in particular subject area. In the case of
mathematics and science, the “and be able to do” conditions has
referred to the requirement that students perform very specific
tasks such as multiplying two two-digit numbers.

Today, the “and be able to do” condition has acquired additional
meaning. Students now are expected to demonstrate that they can
apply what they have learned to new problems and in new settings.

Results of a comparison of mathematical literacy and problem
solving performances of 15-year-olds in 39 countries conducted
by the Program for International Student Assessment (PISA)
were released in late 2004.61 Mathematics literacy scores of U.S.
students, 61 percent of whom were in grade 10, were signifi-
cantly below those of students from 24 of the participating
countries. In problem solving, U.S. students’ scores were signifi-
cantly lower than their peers in 25 countries.62

Performance in problem solving also was described in terms of
proficiency levels from 6 to 1, with level 6 being the highest. The
best U.S. students (12 percent) achieved level 3; 24 percent were at
level 1, and 34 percent were below level 1.63

American newspapers that interpreted the PISA results as
evidence of poor U.S. student “math skills” failed to identify and
report the unique nature of PISA assessment. PISA uses the
term “mathematics literacy” to denote a focus on the application
of mathematical knowledge and skills.64 Also, PISA defines
“problem solving” as “an individual’s capacity to use cognitive
processes to confront and resolve real, cross-disciplinary situa-
tions where the solution is not immediately obvious, and where
the literacy domains or curricular areas that might be applicable
are not within a single domain of mathematics, science, or
reading.”65  

In short, the PISA emphasis is on what students are able to do
with the mathematics and science that they have learned. Thus,
the greater significance of the PISA results is that they reveal that
American 15-year-olds are in an international cellar with respect
to a demonstrated ability to draw upon mathematics knowledge
and skills that have been learned in the context of textbook exer-
cises and to apply them in new situations.

According to a study of learning by 
the NRC, this requirement to flexibly
transfer what has been learned to new 
situations is not a form of learning that 
is supported by rote memorizing of facts 
or performance of procedures in a 
single context.
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According to a study of learning by the NRC, this requirement
to flexibly transfer what has been learned to new situations is not
a form of learning that is supported by rote memorizing of facts
or performance of procedures in a single context.66 Rather, it
requires a balance of specific examples and general principles.

Students must be challenged by similar, but different, cases of a
problem; must engage in “what-if ” problem solving; must gener-
alize learnings; and must build the language needed to represent
problems at increasingly higher levels of abstraction (pictures,
tables, graphs, equations). Doing mathematics also takes the form
of tasks in “document literacy” in which students are expected to
extract information from such representations when they appear
in the context of job applications, manuals, payroll forms, maps,
operation diagrams, and survey results.67

However, a 1998 study of 14,000 Ohio high school seniors reveals
evidence that this general “application” standard is not being met
at the K-12 level.68 Student performances on tests from the

WorkKeys assessment package69 indicated that seniors’ preparation
fell short on applied skills in mathematics, technology, and
locating information expected in the workplace.

ACT test performances and the course-taking patterns of college-
bound high school students aspiring to careers in the health
sciences also serve as an indicator of the K-12/workplace stan-
dards mismatch.70

RECOMMENDATIONS FOR P-12 
STUDENT CONTENT STANDARDS IN

MATHEMATICS AND SCIENCE

1. Encourage the state and its school districts to regularly review
and revise their mathematics and science content standards. P-12
content standards — that is, statements of what all students
should know and be able to do in mathematics and science —
should be reviewed and updated periodically to ensure that they
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The health sciences — medicine, nursing, dentistry, optom-
etry, and pharmacy — are an expanding area of employ-
ment opportunity. U. S. Department of Labor projections
for the year 2010 place registered nurses in the list of the
10 occupations with numerically largest job growth oppor-
tunities (an increase of 561,000 jobs or 26 percent growth),
and lists medical assistants among the 10 occupations with
the fastest job growth demand (an increase of 187,000 jobs
or 57 percent growth).71 Also, by 2020, the number of phar-
macists needed will more than double to about 400,000.72

In short, the demand is high.

Student aspiration to enter a health sciences career also is
high. The health sciences area was the top choice of a
college major among students taking the American College
Test (ACT) in 2003. However, students’ ACT scores in math-
ematics and science and their high school course-taking
patterns were odds with their aspirations. 

While the average composite ACT score for 2003 was the
same as in 2002 — and is a score that would satisfy the
general admissions standards of many institutions of higher
education — only 25 percent of the 2003 test takers had

ACT Science Test scores, and only 40 percent had ACT
Mathematics Test scores, consistent with a high probability
of achieving a grade of C or better in entry-level college
mathematics and science courses (algebra and biology)
required by health sciences programs. In addition, only 45
percent of the test takers had completed the ACT-recom-
mended three or more years of high school science, and
only 39 percent had completed the recommended four or
more years of mathematics. 

Therefore, although students’ composite ACT test scores
and course selections in high school may meet colleges’
general admissions requirements, students’ preparation in
mathematics and science often falls short of program
expectations of specific careers those students aspire to
enter. The door to college is open, but the door to the
desired career is not.

ACT, Inc., 2003
“College Bound Student’s Academic 
Skills at Odds with Career Plans”
http://www.act.org/news/releases/2003/8-20a-03.html

CAREERS IN THE HEALTH SCIENCES: DEMAND, ASPIRATION, AND PREPARATION



are of high quality and that they are aligned with state assess-
ments, school curricula, and entry-level expectations of higher
education and the workplace. The nature and relationship of
evolving content, admission, and employment standards should be
communicated to the public.

2. Insist that the state and its school districts hold all students to
the same high standards in mathematics and science. All
students, including those historically underserved, must success-
fully complete a high-quality curriculum based on these standards.

3. Ensure that leaders of postsecondary institutions examine both
general and program-specific admission standards. Those stan-
dards should be directly related to the knowledge and skills
required for success in the institutions’ entry-level courses. They
should match the agreed-upon entry-level expectations for post-
secondary work of high school graduates.

4. The content knowledge and teaching skills defining teacher
education programs should be related directly to the grade-level
content standards of the students they teach. Teacher education
programs should be assessed to ascertain their effectiveness in
developing teachers’ ability to deliver age-appropriate instruction
related to those standards.

Chapter 2 27

A 1998 study conducted jointly by the Ohio Business
Roundtable and the Ohio Department of Education tested
more than 14,000 high school seniors in three skill areas
(Applied Mathematics, Applied Technology, Locating Infor-
mation) using the WorkKeys assessment package. The
Applied Mathematics test provided a list of relevant
formulas and permitted the use of calculators to solve
multiple-step problems requiring the application of written
and visual information. 

Items of the Applied Technology test required students to
apply basic principles of science and to interpret the interac-
tion of complex physical systems. The Locating Information
test called for interpreting and applying information from
diagrams, tables, charts, graphs, forms, and instrument
gauges, skills judged to be workplace reading competencies. 

WorkKeys’ student performances in these skill areas were
matched with entry-level skill expectations of 80 percent
of the jobs in a Technical Job Cluster (for example, auto
mechanic, machinist, electrician, refrigeration mechanic,
plastics fabricator, robotic machine operator) and a
Science Job Cluster (for example, electrical or industrial
engineer, OSHA inspector, nurse, avionics technician,
surgical technician). 

Of the students tested, 81 percent met the Applied Mathe-
matics standard for 80 percent of the jobs in the Technical
Cluster; 27 percent met that standard in the Science
Cluster. In Applied Technology, four percent met the stan-
dard for the Technical Cluster, and zero percent met the
standard for the Science Cluster. For Locating Information,
the figures were 19 percent (Technical Cluster) and zero
percent (Science Cluster).

Ohio Business Roundtable, 1998
Knowledge & Know-How: Meeting 
Ohio’s Skill Gap Challenge

OHIO’S K-12/WORKPLACE SKILLS GAP
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HIGH-QUALITY COURSEWORK

FOR ALL STUDENTS

CURRICULA AND STANDARDS:
A MANY-TO-ONE RELATIONSHIP

State and school district P-12 content standards describe the
knowledge and skills that all students should acquire. They are the
building blocks of an intended curriculum, of what should be
taught, but they are not a curriculum.

The NSES define a K-12 science curriculum as “the way the
content of the standards is organized and presented in the class-
room.”73 The NCTM describes a P-12 mathematics curriculum in
terms of grade-band structures of important mathematical ideas
that are always “moving on,” the goal being that “students will

reach certain levels of conceptual understanding and procedural
proficiency by certain points in the curriculum.”74

Because there are many possible variations in the organization,
points of view, and relative importance given to the content, any
given set of standards can be expressed as several very different
curricula, each supported by a different array of instructional
materials.

EXPECTING MORE OF STUDENTS:
A BETTER — AND FAIRER — POLICY

The nature of pre-college coursework — curriculum — makes a
difference, and the simple rule is: More — and more
demanding — is better for all. Studies show that all students are
likely to perform better — that is, learn more — in high-level
courses than in low-level courses and that students who are the
farthest behind at the outset will make the greatest gains.75

Conversely, students of all abilities are more likely to fail low-
level courses.

The single best predictor of college success is “the quality and
intensity of the student’s high school courses,” particularly in
mathematics where the completion of courses beyond Algebra 2
can double the probability of earning a college degree.76

College graduation rates of minority students who pursue a strong
high school curriculum rise dramatically, from 45 percent for all
African-Americans entering college to 73 percent for those
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African-Americans who completed a strong secondary school
curriculum. For Hispanics, the proportion jumps from 61 percent
for all Hispanic freshmen to 79 percent for those who completed a
rigorous high school curriculum.

Therefore, the evidence points to the appropriateness of state poli-
cies insisting on coursework that, beginning in elementary school,
optimizes the learning opportunities of all students.

HIGH-QUALITY “DEFAULT” CURRICULA

FOR ALL STUDENTS

The current curricula in P-12 mathematics and science fall far
short of what is needed to prepare students for entry into higher
education on the workplace, the latter including the military,
domestic security, and civil services. Preparation for both of these
postsecondary endeavors requires learning high-level skills.

An achievement gap exists because of mismatched expectations of
the P-12 and postsecondary worlds. Moreover, even those inade-
quate curricula are not accessible to or achieved by large segments
of the American student population: women, African-Americans,
Hispanics, and Native Americans. An achievement gap also exists
between groups of students because of poor delivery of P-12
curricula in mathematics and science.

Achieving the vision set forth in the higher standards being set
by states and districts requires the development and implementa-
tion of a “high-quality default curricula” in mathematics and
science — coursework required of all students at every grade
level, P-12. Completion of these high-quality default curricula
should assure all students a smooth transition to postsecondary
institutions or to employment.

The ADP focused on the mathematics and English skills required
of all students saying: “No longer do students planning to go to
work after high school need a different and less rigorous curriculum

than those planning to go to college. In fact, nearly all students will
require postsecondary education, including on-the-job training,
after completing high school. Therefore, a college and workplace
readiness curriculum should be a graduation requirement, not an
option, for all high school students.”77

In addition to implementing a high-quality default curricula to
eliminate the preparation gap between P-12 and postsecondary
expectation, access to and success in that high-quality default
curricula must be extended to all students. Not only must high-
quality default curricula be accessible to every student in every
school, but all current achievement gaps between majority and
minority groups must be eliminated.

High-quality default curricula in mathematics and science are not
to be offered for election by some students. They are to be expected
of all students. Students may choose to do more, but they will not
be permitted to do less.

CHARACTERISTICS OF HIGH-QUALITY MATHEMATICS

AND SCIENCE CURRICULA

High-quality P-12 default curricula in mathematics and science
require that every student study mathematics and science every
year. They are defined in terms of grade-appropriate content and
not in terms of courses.

For instance, the development of algebra in a high-quality mathe-
matics curriculum begins in the primary grades. At present, it
typically begins and ends with year-long courses in the middle
school and high school years.

More specifically, a high-quality mathematics curriculum initiates
the algebra concept of function in the primary grades with activi-
ties that require all students to recognize, extend, describe, and
create physical patterns. By grades 9-12, tasks related to the
concept of function require all students to describe physical
phenomena using one- and two-variable relations and functions of
several types (exponential, polynomial, logarithmic, periodic) and
to create and analyze transformations of those functions.

In addition, a high-quality curriculum develops simultaneously
several other algebra concepts, while relating them to P-12
concepts in geometry, measurement, data analysis, etc.

Similarly, a high-quality P-12 default curriculum in science is
defined by concepts that are part of each year’s study for every
student. For example, the life science concept of organisms in a
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high-quality science curriculum begins in the primary grades by
observation, recording, and discussing the physical needs (food
and environment) of familiar plants and animals.

By grades 9-12, tasks related to the concept of organisms involve
the study of systems of living things in terms of the physical and
chemical principles that govern their development and interac-
tions. Development of a science curriculum across the grades
includes the introduction of other life science concepts and the
building of connections between life science concepts and
concepts in physical science and earth and space science.

The defining characteristic of a high-quality default P-12
science curriculum built on the NSES model is that it is
inquiry-based. An inquiry-based science curriculum is one in
which student activities are designed not only to develop
knowledge and understanding of scientific ideas, but also to
engage students in the kinds of activities and thinking by which
scientists investigate the natural world.78

Inquiry-based learning in P-12 classrooms mirrors inquiry in the
world of science. Both students and scientists learn by making
observations, defining questions based upon what they already
know, posing possible explanations, designing investigations, gath-
ering and organizing data, developing explanations based on the
data, considering other possible explanations, and communicating
what they have learned.79 To say that a science curriculum is of
high quality is to say that it is inquiry-based in this sense. P-12
science curricula that meet the inquiry-based standard have been
developed and their effectiveness evaluated. For example, the
Curriculum Development Center of the National Science
Resource Center has developed and successfully implemented
inquiry-based science curriculum for grades K-8 in schools
systems both large and small.80

In a high-quality science curriculum, life science, physical science,
and earth and space science are not conceptually isolated. Biology,
chemistry, and physics, for example, evolve simultaneously, with
appropriate connections, and are components of a science
curriculum studied by every student throughout P-12.

By contrast, the typical current secondary school science curriculum
does isolate concepts from these three fields of science in separate
courses. It also then locks those courses into an arbitrary sequence
(biology, chemistry, physics), with the consequence that physics
concepts rarely are included in a student’s science education because
students opt out of the science curriculum before taking physics.

IMPLEMENTING HIGH-QUALITY

MATHEMATICS AND SCIENCE CURRICULA

Implementing high-quality default curricula in mathematics and
science likely will require adjustments — often major adjustments
— in the initial preparation and professional development of P-12
teachers who will use new methods and new materials to deliver
the new curricula to all students at every grade level.

Bringing about such fundamental changes in classroom instruc-
tion — that is, in successfully implementing high-quality default
curricula — requires careful planning; appropriate teaching mate-
rials; universal and long-term delivery of support services to a
diverse and ever-changing teaching force; and continuous evalua-
tion of the implementation effort.

CURRICULUM CAVEATS

CAVEAT #1: THE HIGH COST OF BORROWING

Mathematics and science curricula are, by law, the responsibility of
the states and school districts, with the power of districts being
significant in many states. However, because curriculum develop-
ment requires a large investment of human and fiscal resources,
states have created model curricula and have shared those models
both with districts in the state and with other states.

School districts, with widely varying effectiveness, have adopted and-
or adapted those models, the result being district-to-district differ-
ences in curricular implementation that impact students’ mathematics
and science education even as they move within the state.

In practice, many school districts begin their curriculum develop-
ment with a review of commercially produced textbooks. But
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NATIONAL SCIENCE EDUCATION STANDARDS (NSES)81 FOCUSING THE K-12 SCIENCE CURRICULUM

LESS EMPHASIS ON:

Knowing scientific facts and information

Studying subject matter disciplines (physical, life, earth
sciences) for their own sake

Separating science knowledge and science process
Covering many science topics
Implementing inquiry as a set of processes 

Activities that demonstrate and verify science content
Investigations confined to one class period
Getting an answer

Science as exploration and experiment
Providing answers to questions about science content
Individuals and groups of students analyzing and synthe-
sizing data without defending a conclusion
Doing few investigations to leave time to cover large
amounts of content
Concluding inquiries with the result of the experiment

Management of materials and equipment
Private communication of student ideas and conclusions to
teacher
Developing science programs at different grade levels inde-
pendently of one another
Using assessments unrelated to curriculum and teaching
Maintaining current resources allocations for books

Textbook- and lecture-driven curriculum

Broad coverage of unconnected factual information

Treating science as a subject isolated from other school
subjects
Science learning opportunities that favor one group of
students

MORE EMPHASIS ON:

Understanding scientific concepts and developing abilities
of inquiry
Learning subject matter disciplines in the context of inquiry,
technology, science in personal and social perspectives,
and history and nature of science
Integrating all aspects of science content
Studying a few fundamental science concepts
Implementing inquiry as instructional strategies, abilities,
and ideas to be learned
Activities that investigate and analyze science questions
Investigations over extended periods of time
Using evidence and strategies for developing or revising 
an explanation
Science as argument and explanation
Communicating science explanations
Groups of students often analyzing and synthesizing data
after defending conclusions
Doing more investigations to develop understanding, ability,
values of inquiry, and knowledge of science content
Applying the results of experiments to scientific arguments
and explanations
Management of ideas and information
Public communication of student ideas and work to class-
mates
Coordinating the development of the K-12 science program
across grade levels
Aligning curriculum, teaching, and assessment
Allocating resources necessary for hands-on inquiry
teaching aligned with the NSES 
Curriculum that supports the NSES and includes field trips
and laboratories emphasizing inquiry 
Curriculum that includes natural phenomena and science-
related social issues that students encounter in everyday life
Connecting science to other school subjects, such as math-
ematics and social studies
Providing challenging opportunities for all students to learn
science



American textbooks, often used as the “drivers” for curricula, are
written to maximize their market appeal, which means they are
designed to address as many topics as possible to meet the stan-
dards of as many states and districts as possible.

As a result, topics relevant to the standards of a given state can be
set adrift in a sea of non-relevant topics, and the full development
of key concepts suffer, shortchanging the potential impact on deep
student learning.

TIMSS described such curricula as being “a mile wide and an inch
deep.”82 Both the NCTM standards and the NSES, the starting
points for most state mathematics and science curricula, call for
curricula that focus on content and processes that are important
and worth the students’ time and attention.

CAVEAT #2: MIXED SIGNALS

FROM HIGHER EDUCATION

A state’s effort to define and staff high-quality default curricula is
not the sole responsibility of the P-12 sector. It also requires the
collaboration and support of higher education and policy leaders.

Expectations of high school graduates often are expressed
inconsistently by institutions of higher education in their
entrance and placement examinations. Students may be
admitted to higher education based upon their performances on
entrance examinations such as the ACT and SAT only to find
themselves assigned to remedial, non-credit courses. They are
barred from enrollment in entry-level college courses based on a
“higher set of standards generally hidden from public view”83 —
the college placement tests.

Like a state’s P-12 assessments in mathematics and science,
college entrance and placement tests must be matched with high-
quality P-12 default curricula.

CAVEAT #3: THE FLOOR-
BECOMES-CEILING DANGER

The purpose of high-quality default curricula is to provide a solid
academic floor for all students. While it holds learning expecta-
tions constant, the time allowed for students to achieve those
expectations is variable.

On the one hand, learning time must expand to help some
students meet the expectations of a default curriculum. Additional
teacher time needs to be allocated to work with those students.

On the other hand, a default curriculum must not become an
academic ceiling for those students who are capable of moving
through it at a rapid pace.

At present, many schools offer the College Board’s Advanced
Placement (AP) courses and assign their best faculty as instruc-
tors. The efficacy of that procedure for serving talented students is
challenged by the Education Trust. The Trust suggests that
students who are moving rapidly though the secondary school
curriculum might be better served by earlier entry into higher
education:

“Many states — and indeed the federal government — are
rewarding schools for adding more and more AP courses.
Indeed, the fastest growing part of the high school
curriculum at the moment is AP — or college-level —
courses. At the same time, the fastest growing part of the
college curriculum is remedial — or high school-level
courses. We wonder whether it makes sense for us to keep
trying to do each other’s work. Might some of those students
in AP be better off in actual college courses taught by college
professors? And wouldn’t that free up some of our best-
educated high school teachers to teach the students who
MOST need their help?”84

Indeed, assigning a system’s best teachers to the design,
teaching, and assessment of courses in high-quality default
curricula is consistent with the priority of ensuring that all
students successfully complete those curricula. Higher educa-
tion and business could be the primary education resources for
talented students who are seeking to go beyond the core high-
quality P-12 curricula.

For example, corporations have developed online courses in mathe-
matics and science for employees. Some states and districts have
well-developed P-12 distance-learning networks that could be
used to deliver those courses to schools and individual students.
Scientific personnel from corporations could supplement the
online courses by volunteering to tutor either face-to-face or via
the Internet.

Colleges and universities also could open their classrooms — on
campus and through distance learning — to able secondary
students. Distance-education courses already are available from
about 90 percent of the nation’s two-year and four-year public
institutions of higher education, and 65 percent of institutions
offering such courses indicate that gaining access to new audi-
ences is very important.85
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A BHEF report documents that the use of technology to deliver
college-level courses has had several promising results that
suggest it could be effective in serving P-12 by bringing college
courses to the public schools.86 Among these promising results
are an increase in the number of students served; higher levels of
performance by students; reduced dropout rates; and increased
availability of courses to students previously not served. Working
with schools, these courses might be delivered “as is” or might be
modified for use with a pre-college audience.

FADING DISCIPLINARY BOUNDARIES IMPLY

FADING CURRICULAR BOUNDARIES

Growing need for interdisciplinary collaboration in the sciences is
dictated by a changing world of science in which specialists from
mathematics and several science sub-disciplines merge their
talents to tackle complex problems. For example, Systems
Biology, an emerging field that aims at a system-level under-
standing of biological systems, requires a cross-disciplinary
faculty of biologists, computer scientists, chemists, engineers,
mathematicians, and physicists who speak and understand the
languages of these different disciplines to facilitate the develop-
ment of new global technologies.87

Leaders from business, higher education, and the mathematics
and science communities agree that employees and students
must be able to integrate ideas from mathematics and science to
solve problems. According to Bruce Alberts, president of the
National Academy of Science: “What we need is to get
computer scientists together with the ecologists, and physicians
together with physicists, because too often they tend to focus on
their own little worlds. It leaves too many critical areas of
research unexploited.”88

Because of the fading disciplinary boundaries in mathematics and
science, the defining of high-quality default P-12 curricula in
mathematics and science will require more than designating a set

of courses from among existing offerings. The default curricula
must meet a new expectation placed on high school graduates
both by entry-level courses in higher education and by entry-level
positions in business and industry. Graduates must have an inte-
grated view of science and mathematics that cuts across specific
fields in those subjects.89, 90

Now, few American students experience curricula that integrate
concepts within and across mathematics and science. While
America’s elementary school textbooks blend arithmetic, geom-
etry, graphing, statistics, and probability under the general
heading “mathematics,” the blending is more a collating of topics
than an integration of concepts. Blocks of textbook pages at a
particular grade level are devoted to each topic, but the topics are
treated as unrelated chunks of mathematics In the middle
school, the concepts and procedures of something called Algebra
I are cut off from their roots in number and geometry.

Elementary school science, if addressed at all, spends little time in
developing important conceptual science ideas and skills that are
crucial to achieving scientific literacy. Middle school science
courses typically confine themselves to one area of science (phys-
ical, life, earth) at a time. In high schools, compartmentalization
of science and mathematics into courses named Biology A,
Chemistry 2, Algebra II, and Data Analysis effectively sustains
and reinforces conceptual isolation within and between science
and mathematics.

REMOVING WALLS:
THE MATHEMATICS CURRICULUM

America’s secondary schools are unique in the world in that they
(and the textbooks written for them) divide mathematics into
separate courses: pre-algebra; algebra (I, II, III); geometry;
trigonometry; discrete mathematics; data analysis; pre-calculus;
calculus, etc. Field-tested secondary school course materials that
provide an integrated view of mathematics and that engage
students in solving real-world problems are available, but few
mathematics teachers are prepared to use such an approach.

Moreover, the public generally is uncomfortable with the replace-
ment of familiar, topic-specific course titles (for example, algebra,
geometry) with non-topical titles (for example, connected mathe-
matics, integrated mathematics).

One consequence of the current compartmentalization of mathe-
matics in the secondary curriculum is that many students graduate
from high school having studied one or two aspects of mathematics,
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but not having made connections across courses, and not having
made contact with topics confined to the courses they did not take.
A second consequence is that teachers certified to teach mathe-
matics (the broad field) often become specialists in the teaching of
only one or two topical courses of the secondary mathematics
curriculum. The teachers’ view of the larger picture of school
mathematics fades, and updating their mathematical education
becomes more difficult over time.

Under the current curriculum structure, both students and
teachers are denied the opportunity to study and use mathematics.
Instead, they study and use only bits and pieces of it. Yet, as both
science teachers and employers will verify, effective use of mathe-
matics requires the integrated application of all of many mathe-
matical concepts. For this integration to happen, institutions that
prepare teachers of mathematics must revisit their mathematics
curriculum to ensure cross-course connections are made and that
mathematics is “put back together again.”

Movement toward making connections within the P-12 mathe-
matics curriculum has begun. The mathematics community has
united in proposing that secondary school teachers of mathe-
matics be prepared to develop students’ knowledge of the math-
ematics that they “are likely to encounter when they leave high
school for collegiate study, vocational training, or employment.”91

It further proposed that core mathematics courses for all under-
graduates be redesigned to reveal mathematical connections
among them.

The movement has produced results. By 1999, school districts in
at least 16 states responded by adopting secondary school mathe-
matics courses that take the integrated “maths” approach typical of
other industrialized countries.92

REMOVING WALLS:
THE SCIENCE CURRICULUM

Progress toward an integrated view of science is proceeding by a
less obvious route and is not well documented. While educators
agree about the need for P-16 instruction that breaks down the
walls between the physical, life, and earth sciences, states and
school districts do not report having yet adopted an integrated
science curriculum at the secondary school level.

One reason is that P-12 materials that integrate the sciences are
uncommon.93 In addition, although the preparation of elementary
school teachers sometimes includes courses in natural science
which bring together concepts from several branches of science,
current college programs for secondary school teachers of science
are designed to produce graduates whose content background and
teaching certification is purposefully limited to biology or chem-
istry or physics or earth and space science.

The authors of the NSES explicitly addressed the need to connect
the fields of science in the K-12 curriculum. While promoting in-
depth, field-specific knowledge as a basic principle in the prepara-
tion of teachers of science, the authors viewed the K-12 science
curriculum itself as a tapestry.

The warp of that tapestry comprised specific concepts and
procedures from the physical, life, and earth sciences, and the
woof comprised unifying concepts, processes, real-world appli-
cations, and inquiry.94 Rather than proposing to connect science
by collating topics from the three fields of science, NSES uses
the unifying concepts to reveal how the fields interrelate. The
envisioned curriculum was “to build student understanding of
how we know what we know and what evidence supports what
we know.”95

The AAAS, in collaboration with the National Science Teachers
of Association (NSTA), has published an Atlas of Science
Literacy96 that makes the kinds of connections among major
fields of school science that are called for by NSES. The Atlas
illustrates the inter-connectedness of approximately half of the
specific learning goals articulated in AAAS’ Benchmarks for
Science Literacy97 both within and between grade ranges. A subse-
quent edition is planned which will complete the mappings.

The current edition visually structures the content of the Bench-
marks using “strand maps.” Each K-12 strand map displays not
only the sequence of ideas that lead to a science literacy goal,
but also connections within a group of AAAS science education

…many students graduate from 
high school having studied one or two
aspects of mathematics, but not having
made connections across courses, and not
having made contact with topics confined
to the courses they did not take.
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benchmarks. Each strand map also displays links to other 
strand maps.

For instance, elements of the strand map Atoms and Molecules
(a strand typically associated with physical science) are explicitly
linked to benchmarks in life science (cells and organisms; cell
functions; flow of matter and energy in ecosystems; DNA and
inherited characteristics; variations in inherited characteristics)
and earth and space science (stars; changes in the Earth’s surface;
galaxies and the universe).

Through the S4S project,98 members of the AAU have
supported the NSES connected science approach. S4S
promotes entry-level science standards that are broadly inte-
grative. S4S expectations of entering freshman include ability
in relating concepts both within and across the sciences;
facility in applying concepts from mathematics and statistics;
employing science concepts in evaluating scientific issues in
daily life; and understanding how scientists know what they
know.99

But while the science community has been explicit regarding the
need for a P-12 curriculum that promotes an integrated under-
standing of the sciences, it has been tentative in its suggestions
regarding how that integration might be reflected in higher
education courses and programs.

Neither NSES nor S4S calls upon universities to design postsec-
ondary courses that would equip graduates (including, but not
limited to, teachers of science) with an integrated understanding
of science that would support effective work across disciplines in
schools or in the workplace. Without an overhaul of postsec-
ondary science courses, integrated science teaching at the
secondary level will remain an anomaly rather than becoming the
standard.

ASSESSING P-12 MATHEMATICS

AND SCIENCE CURRICULA

Until recently, no widely accepted criteria and procedures existed
with which to judge the appropriateness of materials for adop-
tion or adaptation of a district’s curriculum.

However, the AAAS has developed a process for analyzing
curriculum materials for alignment with content standards, and
the Council of Chief State School Officers (CCSSO) has devel-
oped alignment-review materials and procedures that have been
applied to both mathematics and science curricula. These
processes can assist districts and states in the adoption of curric-
ular materials; the development of new materials; the revision of
existing materials; textbook selection; and professional develop-
ment associated with the materials.

The result should be curriculum materials in mathematics and
science that focus on “worthy” content that connects ideas
within and across subjects; that de-emphasize or eliminate
concepts and skills that have limited connection to the stan-
dards; that provide age-appropriate and consistent development
of key ideas across the grades; that engage students of all ages
in inquiry-based problem solving; and that provide students
with the entry-level skills expected by higher education and
employers.

The North Central Regional Educational Laboratory
(NCREL) has undertaken a project that allows districts and
schools to analyze and assess their mathematics and science
curricula in relation to international mathematics and science
curriculum frameworks adopted for TIMSS in 1995. An inter-
active web site allows districts and schools to compare their
mathematics and science curriculum to those from top-
achieving nations.

RECOMMENDATIONS FOR

P-12 CURRICULA IN

MATHEMATICS AND SCIENCE

1. Ensure that all students successfully complete high-quality
curricula in P-12 mathematics and science. All students at all
grade levels — elementary, middle, and high school — should
complete mathematics and science curricula centered on core
courses aligned with the standards that are judged to be most
important. Successful completion of these curricula should
prepare students for successful entry into postsecondary study
in higher education or the workplace.

Until recently, no widely accepted 
criteria and procedures existed with 
which to judge the appropriateness of
materials for adoption or adaptation 
of a district’s curriculum.



Trivial and unconnected topics, activities, units, and courses must be
eliminated from the curricula and should be replaced with experiences
designed to increase student understanding of and interest in mathe-
matics and science. These experiences should include laboratory-
based investigations; extended problem-solving activities that
promote understanding of key concepts and their application in the

real world; use of technology tools in doing mathematics and science;
and introduction to mathematics- and science-related careers.

Secondary school teachers of mathematics and specialist teachers
of mathematics and science in the elementary and middle grades
should cycle through courses of the curricula with a cohort of

37

EVALUATING CURRICULUM MATERIALS

The American Association for the Advancement of Science
(AAAS), through its long-term education initiative Project
2061, has developed a process which uses the learning
goals of the National Council of Teachers of Mathematics’
(NCTM) Curriculum and Evaluation Standards for School
Mathematics, the National Science Education Standards
(NSES), state curriculum frameworks, and its own Bench-
marks100 document to judge the appropriateness of
curriculum materials. 

This process not only serves the textbook adoption needs
of states, school districts, and schools, but also helps
teachers revise existing curriculum materials to increase
their effectiveness; guides developers in the creation of
new curriculum materials; and contributes to the profes-
sional development of those who use the materials. 

AAAS has used its process for evaluating curriculum mate-
rials to assess the effectiveness of selected textbooks in
addressing the NCTM standards, NSES, and Benchmarks.
They have conducted reviews of middle grade mathe-
matics and science textbooks, algebra textbooks, and high
school biology textbooks. 

The analysis is intended to assist adoption committees,
teachers, and others in making initial decisions about text-
books and narrowing the field to a more manageable
number of candidates for closer review. AAAS summary
reports are valuable to schools already using the reviewed
materials because the reports highlight the materials’
overall strengths or weaknesses; suggest the need for
supplemental materials; and point to staff development
required to help teachers use the materials effectively.

American Association for the Advancement of Science
Project 2061
http://www.project2061.org/research/curriculum.htm

CURRICULUM MAPPING

The Curriculum Mapping Web Site, developed by the North
Central Regional Education Laboratory (NCREL) in partner-
ship with the U.S. TIMSS (Third International Mathematics
and Science Study) Center at Michigan State University,
offers assistance to schools and districts in their efforts to
analyze curricula, textbooks, materials, and standards in
relation to international curriculum frameworks developed
for TIMSS in 1995. 

Educators map out their mathematics and science curricula
by indicating what topics are being taught at which grade
levels across a framework of 44 mathematics and 79
science topics. They are guided through a series of
analyses complete with a set of displays that superimpose
their curricula against those of top-achieving TIMSS nations.
They are able to diagnose their curricula’s breadth and
depth, flow and sequence, articulation, and rigor.

The TIMSS curriculum frameworks, which provide the basis
for this curriculum mapping tool, were originally developed
for the Survey of Mathematics and Science Opportunities
Research Project, funded by the U.S. Department of Educa-
tion (DOE) and the National Science Foundation (NSF).

NCREL and the U.S. TIMSS Center worked with the First in
the World Consortium, a collection of suburban Chicago
school districts, in developing this web site and ensuring
that it is a practical and useful tool for use by districts
engaged in curriculum reform. 

North Central Regional Educational Laboratory
Curriculum Mapping Project
http://currmap.ncrel.org/default.htm
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students. In so doing, they should take responsibility for the
overall mathematics and science education of all students in that
cohort; maintain familiarity with an entire curriculum at that
level; and continually assess and improve their teaching effective-
ness.

To free up secondary school mathematics and science staff to
teach courses of the high-quality curricula to all students, it may
be necessary to reduce or eliminate courses now offered only for
students who exhibit exceptional interest or ability in those
subjects. To meet the needs of these exceptional students, arrange-
ments could be made for tuition-waived enrollment in appropriate
courses at community colleges and colleges as part of their
secondary school program. If no  postsecondary institution is
nearby, students could be given access to postsecondary course-
work via distance-learning facilities. Supporting tutorial services
could be provided by employees of local businesses who have
backgrounds in mathematics or science — either face-to-face or
via the Internet.

2. Ensure that the implementation of high-quality P-12 curricula
in mathematics and science is coordinated with the implementa-
tion of necessary changes in other key elements of the education
system. Not only should the curricula be focused on established
content standards, but also it should exhibit coherent development
of the standards across P-12; use instructional materials aligned
with the standards; assess daily and year-to-year progress of
students using techniques that measure many levels of learning;
and be taught by teachers who have studied and practiced
methods shown to be effective in helping all students achieve the
expected higher levels of learning.

3. Promote collaboration among P-12, higher education, and
business leaders to facilitate the development of curricula that
make connections within and between major areas of mathe-
matics and the sciences. The long-term goal of this effort is to
graduate high school students who have had an integrated expe-
rience with the subjects. A necessary byproduct of this collabora-
tion is that colleges and universities develop mathematics and
science courses that will expose all graduates — and future
teachers, in particular — to this connected view.
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NATIONAL AND STATE

ASSESSMENT INITIATIVES

The United States has experienced waves of reform in P-12
state-level student assessment beginning almost a century ago
in a few states. A report by the National Association of State
Boards of Education (NASBE) traces the rising interest in
assessment and its evolving purpose since World War II.101

The kind of assessment that grew in use and acceptance during
the Sputnik era of the late 1950s was designed to compare
students with national averages and to group students into cate-
gories: below average, average, and above average. In the 1960s
and 1970s, comprehensive state assessment programs were intro-
duced to meet federal requirements to identify students eligible
for special education services.

Concerned by the lack of improved student achievement as meas-
ured by assessments that compared student performances to
national averages (norm-referenced assessment), educators shifted
assessment strategies to allow comparison of students’ perform-
ances to preset learning expectations relative to specific content
standards (criterion-referenced assessment).

By the mid-1970s, approximately 30 states had adopted some com-
bination of norm-referenced and criterion-referenced assessments
which were administered at selected grade levels. However, data
from instruments used at different grade levels often were incom-
patible and, therefore, prohibited trend analysis across the grades.

NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS:
A NATIONWIDE ASSESSMENT PROGRAM

Although the United States has no national curriculum in mathe-
matics and science, it has conducted nationwide assessment of
pre-college students’ understanding of mathematics and science
for three decades.

In the late 1960s, the federal government initiated the NAEP as
a nationwide testing program designed to provide evidence
regarding American students’ progress in eight subjects: the arts;
civics; geography; mathematics; reading; science; American
history; and writing (NAEP assessments in economics, foreign
language, and world history are under development).102 Science
was first tested by the NAEP in 1969; mathematics in 1973.
Tests are administered periodically to a national sample of
students in grades 4, 8, and 12. NAEP reports performances at
the state and national levels, but it does not provide scores for
individuals or for schools.

NAEP tests include two kinds of items. Items constituting what
is called the Main NAEP reflect current thinking about what
students should know and be able to do. Items constituting what
is called the Trend NAEP are items that have been used repeat-
edly during the past 30-plus years to monitor changes in
performance levels of selected subjects over time.

While American students’ performance in mathematics and
science has steadily improved since 1990, their achievement falls
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far short of the level that represents solid academic performance
— the level termed “Proficient.”103 In 2003, roughly 30 percent of
fourth and eighth grade students participating in the NAEP
reached or exceeded the Proficient level in mathematics,104 while
the year 2000 mathematics scores for 12th graders indicate that
only 20 percent reached or exceeded it.105 NAEP science scores
in 2000 reveal similar lackluster performance patterns for all
three grade levels: fourth, eighth, and 12th.106

A breakdown of achievement scores by race and ethnicity is
even more alarming. In spite of significant increases in NAEP
mathematics performance levels in 2003, Hispanic and African-
American student achievement scores in mathematics remain
lower than those of their white peers. At grade 4, 43 percent of
whites were Proficient; the rates for African-American and
Hispanic students were 10 percent and 16 percent, respectively.
For grade 8, the Proficient rate for whites was 37 percent; for
African-American and Hispanic students it was seven percent
and 16 percent, respectively.107

Nationally, student mathematics scores in grades 4 and 8 grew
steadily from 1990 to 2003. Grade 12 scores grew from 1990 to
1996, but declined in 2000.108 Between 1996 and 2000, national
science scores showed no statistically significant difference for
fourth and eighth graders; 12th grade science scores declined
during this period.109

STATE STUDENT ASSESSMENT RESPONSIBILITIES

UNDER FEDERAL EDUCATION MANDATES

The Improving America’s Schools Act (IASA) of 1994110 required
states to adopt challenging content and performance standards in
mathematics and reading and to develop or adopt a set of high-
quality yearly student assessments. These assessments, to be admin-
istered once in each of the grade bands 3-5, 6-9, and 10-12, were to
monitor the yearly performance of each local education agency.

IASA also required the establishment of Adequate Yearly
Progress standards. Schools whose students fell short of these
standards were to be provided with interventions to improve
their performance. Some states did meet the 1997 deadline of
IASA, but overall, because of a lack of political will at both the
federal and state levels, requirements were not always enforced.

Congress replaced IASA with the NCLB in 2001. The new law
places greater responsibility on states to implement student assess-
ment systems aligned with state content standards.111

Under the NCLB, states must document student achievement of
their standards by implementing programs of standards-based testing
of reading, mathematics, and science across P-12. To allow cross-state
comparisons of achievement and to verify the results of state tests, all
states also must administer NAEP tests in reading and mathematics
every two years to statewide samples of students in grades 4 and 8.

To comply with NCLB, states must administer high-quality tests
in mathematics and reading in each of grades 3-8 and at one
grade between the 10th and 12th grades by the beginning of the
2004-2005 school year. Beginning with the 2007-2008 school
year, states must add science tests for at least one grade in each of
three grade groupings: 3-5, 6-8, and 10-12. The tests must be
aligned closely with state standards and must permit school-by-
school comparisons across school districts.

Prior to NCLB, most state assessment systems required statewide
student evaluations only three times during students’ K-12 experi-
ence. To meet requirements of NCLB, many states are now faced
with the need to expand their assessment systems. Some states
must more than double the number of tests now being adminis-
tered and to develop programs of data analysis and compensatory
instruction.112 Funding of this additional testing, analysis, and
instruction falls upon states at a time when they are facing budget
pressures caused by the national economic downturn.

State-, district-, and school-level data must be disaggregated for
each of six major demographic categories: major racial and
ethnic groups; gender; limited English proficiency status;
migrant status; disabled versus non-disabled; and low-income
versus higher income. Disaggregated state data must be available
to districts, schools, and teachers prior to the next school year,
and the data must be used by districts, schools, and teachers to
improve the achievement of individual students.113

A 2002 summary of state assessments in mathematics found that
only 16 states and the District of Columbia had annual mathe-

Under the NCLB, states must document
student achievement of their standards 
by implementing programs of standards-
based testing of reading, mathematics,
and science across P-12.
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matics tests in grades 3-8 required by NCLB, and while many
states had demographic breakdowns of their student enrollment,
far fewer reported achievement results this way. Of the states
that did, more disaggregated the data at the state level than the
school level. Only one state disaggregated data on all six demo-
graphic subgroups at the school level.114

PUBLIC UNDERSTANDING OF

FEDERAL EDUCATION MANDATES

Beginning with the 2002-2003 school year, NCLB required that
school districts provide parents with school-by-school reports
related to student performance. The information must be “to the
extent practical, provided in languages parents can under-
stand.”115 Information must be publicly distributed through the
media and via the Internet. However, published results of
student assessments generally are not well understood by
parents, employers, and policymakers.

There is, however, evidence that both the title and the intent of
NCLB are misunderstood by parents and the general public.
Asked about the meaning of the law, parents in Hartford,
Connecticut responded that it:

• prohibits leaving children alone on the street;
• means that parents should not leave a child behind after

school;
• requires that students who are not doing well must go to

summer school, because schools are not allowed to hold
them back (in grade); and

• ensures that every student will be promoted each year
regardless of attendance record or academic performance.116

The 2004 Phi Delta Kappa/Gallup poll on public attitudes toward
public schools gives further evidence that the public: knows little
about the intent of NCLB; misinterprets the meaning of the title
of NCLB; is divided regarding the use of standardized tests as the
basis for awarding diplomas (51 percent in favor versus 47 percent
opposed); and is not in agreement with major strategies of NCLB.
Moreover, the public is not happy with what it is learning as its
awareness of NCLB is being brought about through the imposi-
tion of sanctions.117

The public is not aware (nor does it accept) that a significant time
lag is likely between a state’s adoption of higher expectations for
student learning and the implementation of programs that are
effective in delivering that content to all students. Consequently,
efforts must be made to ensure that the public understands that
improved student achievement will not be instantaneous.

In fact, implementation of high-quality standards and student
assessments based on those standards may result in increased
failure rates for schools and districts in the short term. The public
must be prepared for this possibility.

Materials and methods of instruction must be changed
throughout the system, and a student must pass through the entire
revised system to have had the opportunity to learn what is
assessed at each level. Specifically, improved performance in grade
12 depends on what the student experienced in P-11.

In addition, assessment results can be dramatically affected by
refinement or replacement of the tests being used. To improve
public understanding of the student performance reports, a need
exists to relate change in those performances to changes in other
elements of the education system (for example, standards-assess-
ment alignment; test selection; curriculum reform; teacher profes-
sional development; and equitable distribution of resources
among schools).

EVOLVING PURPOSES OF P-12
ASSESSMENT PROGRAMS

While the assessments of the 1950s and 1960s compared students’
performances to those of other students using national averages,
standards-based assessments measure the extent to which students
have achieved preset learning goals.

The assessments also are meant to do more than simply sort
students into “knows” and “know-nots” with respect to state stan-

…implementation of high-quality 
standards and student assessments based 
on those standards may result in increased
failure rates for schools and districts in 
the short term. The public must be 
prepared for this possibility.



dards. Rather, their threefold purpose is to measure student
progress; to diagnose academic needs of students; and to inform
decisions on the use of resources to ensure that all students reach
high standards.

The diagnostic use of assessment to track progress toward a
particular goal and to provide feedback to teachers and students
on that progress is called formative assessment. In contrast,
summative assessments report whether or not a particular goal has
been reached. Formative assessments, which can include teacher
observation, classroom discussion, and analysis of student work,
including homework and tests, are used to alter instruction for the
purpose of improving teaching and learning. They provide an
understanding of what students know or don’t know, and guide
teachers in initiating appropriate actions to assist students in
achieving the desired learning goal.

Feedback to students based on formative assessment “may be
particularly helpful to lower-achieving students because it
emphasizes that students can improve as a result of effort rather
than be doomed to low achievement due to some presumed lack
of innate ability.”118

In an effort to improve students’ mathematical competencies
and to give all students access to algebra, the Los Angeles
Unified School District (LAUSD) has launched a new Mathe-
matics Plan that uses formative assessments as the key instru-
ment for guiding instruction to meet individual student needs.
The LAUSD mathematics curriculum is organized into four
quarters of work. To gather quarterly progress information, the
district has partnered with the Educational Testing Service
(ETS) to develop quarterly mathematics assessments that are
aligned with the curriculum.

Within 24 hours of the completion of student testing, the ETS
software provides LAUSD teachers with information about the
level of each student’s understanding of the mathematics that has

been taught. These reports not only inform instruction about indi-
vidual students, but also provide targeted activities for those
students who need additional assistance.

THE STATUS OF STATE

ASSESSMENT PROGRAMS

As of the 1998-1999 school year, 49 states used a state assessment
as the principal indicator of school performance in mathematics,
and 36 states did so in science. State assessment programs reported
use of a mix of tests that compare student performances with
national and state averages (norm-referenced tests) and tests that
measure progress on specified content standards (criterion-refer-
enced tests).

State testing programs employed 46 different norm-referenced
and 67 different criterion-referenced tests in mathematics. In
science, states use 27 different norm-referenced tests and 34
different criterion-referenced tests. Measurement of student
progress toward achieving state standards was based solely on
criterion-referenced tests in only nine states.119

The independent state-by-state development of assessment
programs has raised questions about the comparability of assess-
ment results, both across states and across grade levels within
states. Assessments appear to differ widely in the types of test
items employed, the technical quality of the test items, and the
alignment of test items with state content standards. A disconnect
also seems to exist between P-12 assessments and the entry-level
assessments employed by colleges, universities, and employers.

TYPE AND QUALITY OF

STATE ASSESSMENT ITEMS

The growth of state assessment programs has been accompanied
by major changes in the types of questions appearing on the tests.
Early tests contained multiple-choice items only. A multiple-
choice item, in effect, requires only that students recognize a
correct response. Students have learned to increase their proba-
bility of finding the correct response by eliminating clearly
unlikely choices and by performing certain “checking” procedures
on promising choices.

A notable change in state student assessment programs since 1990
was the incorporation of open-ended exercises in addition to
multiple-choice items. Newer tests have short-answer (fill-in-the-
blank) items or use a response format that makes use of grids of
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letters or numbers to construct short answers. Other items call for
essay-like responses in which the student is expected to use text
and graphics to display the solution to a problem.

As of 2000, 35 states included some combination of multiple-
choice, short-answer, gridded, and essay-response items in their
mathematics assessments; while 15 states used a combination of
item types in their science assessments.120 While the inclusion of
“hand-scored” items is consistent with the need to assess higher-
level learning in mathematics and science, the cost of scoring the
resulting tests can be up to five times that of a multiple-choice
test. Since most states must expand their present testing
schedule to meet the requirements of NCLB, the cost of devel-
oping and scoring tests that include hand-scored items is being
reviewed. Some states are considering a revamping of their tests
to eliminate these costly items121 or are switching to off-the-shelf
norm-referenced tests.

In addition, the time required to score the more complex test
items for large numbers of students adversely affects testing
schedules and works against the timely reporting of results to
states, districts, and schools so that appropriate interventions can
be planned and implemented. For example, to meet reporting
deadlines, states and school districts may have to administer the
eighth-grade examination several months before the end of the
school year. Therefore, the eighth-grade students may be tested on
concepts not yet taught in that grade.

ALIGNMENT OF STATE ASSESSMENTS

AND CONTENT STANDARDS

Because assessment requirements have built up during years of
local, state, and federal policy making, many state assessment
programs lack internal consistency and comprehensive planning.
According to the National Association of State Boards of
Education (NASBE), “accumulated assessment programs often:
assess some grades of students disproportionately and others not
at all; reflect outdated education standards or curricula; utilize
teaching and learning methods that no longer reflect classroom
practice; and send conflicting messages about what knowledge is
valuable to teachers and students.”122

The problem of alignment between state standards and state assess-
ments varies dramatically from state to state. Specific deficiencies in
state assessment programs include: the measuring of skills and
knowledge that are not among the state’s learning standards; failure
to measure learning standards that are listed by the state; and use of
poor measures for the standards that are assessed.123

MODELS FOR ALIGNING STATE ASSESSMENTS

AND CONTENT STANDARDS

As a result of NCLB, states have a greater responsibility to
ensure alignment between their academic standards and their
assessments, where alignment is judged on the following dimen-
sions:

• “Comprehensiveness: Does the assessment reflect the full
range of the standards?

• Content and Performance Match: Does the assessment
measure what the standards say students should both know
and be able to do?

• Emphasis: Does the assessment reflect the same degree of
emphasis on the different content standards as is reflected
in the standards?

• Depth: Does the assessment reflect the cognitive demand
and depth of the standards? Is the assessment as cognitively
demanding as are the standards?

• Consistency with Achievement Standards: Does the assess-
ment provide results that reflect the meaning of the
different levels of achievement standards?

• Clarity for Users: Is the alignment between the standards and
assessment clear to all members of the school community?”124

To assist states in strengthening the alignment between their
standards and the statewide assessment instruments used to
measure achievement, the CCSSO has promoted the develop-
ment and implementation of models for standards-assessment
alignment analysis. CCSSO has worked with two organizations
in developing, testing, and applying two models of alignment
analyses. In addition, it has provided a comprehensive compar-
ison of four models of alignment analysis to assist states in
determining the appropriateness of one of the models for their
alignment-analysis needs.

ALIGNMENT OF P-12 AND POSTSECONDARY

ASSESSMENT PROGRAMS

A major shortcoming of efforts to develop state assessment
programs has been the failure to align the exit-level standards and
assessments of P-12 with the entry-level standards and postsec-
ondary assessments employed by businesses, colleges, and univer-
sities. Consequently, state assessments used with students through
grade 12 often are not well matched with those used by postsec-
ondary institutions and employers in the same state.

As states have moved to criterion-based testing related to specific
learning standards, postsecondary institutions have continued to



Handbook for A Commitment to America’s Future, A Toolkit for Leaders of State-level P-16 Councils | March 200544

The Council of Chief State School Officers (CCSSO) has
worked with two organizations on the development, testing,
and implementation of two alignment-analysis models. 

The SEC Model

The Survey of Enacted Curriculum (SEC) alignment
methodology was developed by Andrew Porter and John
Smithson from the Wisconsin Center for Education
Research. The SEC model uses a common content
matrix that produces alignment analyses of standards,
assessments, and instruction.The two-dimensional
matrix permits three types of comparison: alignment
between pairs of states; alignment between state and
national assessments and standards; and alignment
between state and local assessments and standards.

State standards and assessments are categorized by
content topics and by “cognitive demand” which, for math-
ematics, is broken down into five categories: memorize;
perform procedures; communicate understanding; gener-
alize and prove; and solve non-routine problems. Content
maps and graphs, written evaluations, and statistics are
used to portray the differences and similarities in the
content of the standards and of the assessments. The SEC
model, which has focused on mathematics and science
alignment studies, has been field tested and demonstrated
with 11 states and four large urban districts.

The Webb Model

Developed by Norman Webb from the University of
Wisconsin, the Webb Model methodology codes each
benchmark of the content standards using one of four
levels of knowledge: recall; skill and concept; strategic
thinking; and extended thinking. For each item on the
state assessment, the benchmarks of the content stan-
dards related to the item are identified. Using the same
four-level scale, the level of knowledge necessary to
successfully complete the assessment item is determined
and then compared to the level of knowledge of the corre-
sponding benchmarks of the content standards. A deter-
mination is made as to whether the assessment item is
below, at, or above the level of knowledge of the corre-
sponding benchmarks. 

Further analysis produces statistics and tabular reports on
four criteria of alignment for each standard: categorical
concurrence; depth-of-knowledge consistency; range of
knowledge correspondence; and balance of representa-
tion. The Webb Model has been used for language arts,
mathematics, science, and social studies alignment
analyses in 10 states. 

A Four-Model Comparison

To further assist states with the challenges of alignment,
CCSSO has highlighted the work of two additional align-
ment projects that are operational and have been used by
several states: The Achieve Inc. Model and the Council for
Basic Education (CBE) Model. In an effort to inform states
of the alignment models available to them, the CCSSO has
summarized and compared the key features of the SEC,
Webb, Achieve, and CBE alignment models.

Council of Chief State School Officers
Alignment Analysis Project
http://www.ccsso.org/projects/alignment_analysis/
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rely on admissions and placement tests that are norm-referenced
and are not related to the standards of a particular state. State
assessments increasingly require that students present written or
graphic arguments in support of their responses, while tests used by
postsecondary institutions and employers rely on multiple-choice
items. This mismatch of expectations as expressed by assessments
can lead to denial of admission or employment or can necessitate
student enrollment in postsecondary remedial courses. Such results
discourage postsecondary study and add to the time and expense
required for the initiation of productive postsecondary work.

RECOMMENDATIONS FOR

P-12 STUDENT ASSESSMENT IN

MATHEMATICS AND SCIENCE

1. Ensure that state and district assessment systems are aligned
with the P-12 standards in mathematics and science. Alignment
should ensure that, at each grade level tested, the assessment
system appropriately assesses all standards at that level and does
not assess trivial or irrelevant concepts and skills. Alignment
should ensure the definition of “Proficient” is sufficiently
demanding at each grade level tested and that the definition of
“Proficient” is consistent across grade levels.

2. Ensure that assessments are used to measure progress and to
drive intervention and not to exclude students or schools from
opportunities or to otherwise punish them. Student assessments
should provide policymakers, parents, teachers, and principals
with data that will facilitate diagnosis of the academic needs of
individual students and will guide the management of resources to
ensure improved achievement for all students. Assessment data
should be interpreted and reported in formats specifically
designed to ensure understanding by the different groups of stake-
holders. This will require state development of data systems that
relate data from student assessments with data on the status and

progress of curriculum development, teaching quality, intervention
opportunities for students, and professional development opportu-
nities for teachers.

3. Insist that the state design a uniform statewide P-12 assess-
ment system that reports the year-to-year performance of both
schools and individual P-12 students in mathematics and science.
Longitudinal tracking of student performance can reveal the
“value-added contributions” of implemented changes in curricula,
instructional materials, teacher preparation, or teacher professional
development as well as the summary impact of those changes on
student success in postsecondary education. The design and
implementation of any such longitudinal tracking scheme must
address the issues of student mobility within the state, and student
transfers from other states and countries.

Admissions and placement tests administered by institutions of
higher education should be viewed as elements of P-12 assess-
ment, since they influence the course-taking of secondary school
students. Sample placement tests should be made available online
so that secondary school students can gain a better understanding
of program’s entry-level expectations. Admission and placement
test results should be summarized for each high school and
reported to the schools for the purpose of identifying and
correcting school-to-college expectation mismatches.
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HIGHLY QUALIFIED TEACHERS OF

MATHEMATICS AND SCIENCE:
SCARCE AND BECOMING SCARCER

Every student deserves highly skilled, committed, and profession-
ally supported teachers of mathematics and science at each level of
schooling. Teacher “quality” includes, but is not limited to, strong
and relevant subject-matter knowledge. Teachers also must have a
deep interest in what they teach; a commitment to lifelong profes-
sional improvement; the desire and skill to share knowledge; and
the resources necessary to do their work.

CALLING TEACHERS: FINDING

ALMOST NO ONE AT HOME

Increasing the number of students prepared for successful entry
into higher education or the workplace will not happen unless the
United States addresses the problem of developing and sustaining
a highly qualified mathematics and science teacher workforce. To
ensure that students reach the higher levels of mathematics and
science achievement required by the new economy, America’s
schools are calling for more, and more highly qualified, teachers of
mathematics and science.

But many of those calls are going unanswered. With increasing
frequency, no one is at home in America to answer them.

Demand and supply statistics on mathematics and science
teachers have ceased to be solely depressing; they are also
alarming.

By 2020, the school-age population will increase by 20 percent.125

All of those students will be required to take more — and more
advanced — mathematics and science. At the same time, trend data
from the period 1990-2000 indicates that the percentage of high
school mathematics and science teachers age 50 and older is steadily

CHAPTER 5. 
P-12 TEACHER QUALITY

Teacher “quality” includes, but is not 
limited to, strong and relevant subject-
matter knowledge. Teachers also must 
have a deep interest in what they teach;
a commitment to lifelong professional
improvement; the desire and skill to 
share knowledge; and the resources neces-
sary to do their work.



increasing and will result in a high retirement rate in the immediate
future.126 Before the end of this decade, it will be necessary to find
replacements for 75 percent of the current teaching force.127

Urban schools are finding it especially difficult to recruit and retain
teachers of mathematics and science. In particular, the supply of
minority teachers is insufficient to meet the hiring needs of schools
with large populations of minority students. In most states, the
percentage of minority teachers is one-third that of minority students.
During the last decade, the total percentage of minority teachers of
high school mathematics and science courses has increased slightly,
but, as of 2000, minority teachers remain vastly under-represented in
comparison to the minority student enrollment.128

Based on assumptions of increasing student enrollment and
policies requiring decreasing student-to-teacher ratios, we
predict that at least 280,000 new mathematics and science
teachers will be needed in grades 7-12 between 2004-2005 and
2014-2015.129 Furthermore, this estimate does not take into
account that many states are increasing their requirements for
mathematics and science core courses, which will require addi-
tional  teachers in those fields. As a result, many states have
designated mathematics and science as areas of critical shortage.

Because U. S. immigration law classifies teachers as “skilled
workers,” it is not surprising that states and school districts, like
corporations, have tried to solve their critical shortage problem
with long distance calls to recruit talent from other countries (for
example, England, Germany, and India). Nationwide, American
school districts employed more than 10,000 foreign-born teachers
with H1B visas in public and private schools during the 2002-
2003 school year — with the Houston Independent School
District leading the nation with 915 teachers on H1B visas.130

But this off-shore supply now is threatened by a decrease in the
overall number of available visas and by an international shortage
of teachers. According to a 2003 report of the Organisation for
Economic Co-operation and Development (OECD), 15 of 19
member countries surveyed soon will face teacher-recruiting chal-
lenges of their own.131 Secondary schools in 14 OECD countries
had an average of 12 percent of their teaching posts vacant at the
beginning of the 2001-2002 school year. Science and mathematics
were two areas where hiring difficulties were greatest.

In seeking highly qualified foreign-born K-12 teachers, some
districts now face an additional recruitment problem resulting
from the federally mandated cap on H1B visas in 2004 that will
decrease the number of visas available to teachers. These

teachers, many of whom meet the NCLB requirements for a
highly qualified teacher in subject areas experiencing shortages,
have been willing to take positions in hard-to-staff schools.

BOTH PULLED AND PUSHED, TEACHERS

ARE LEAVING THE PROFESSION

Few U.S. students are drawn to teaching mathematics and science.
It is hardly surprising that America’s “brightest and best” are not
attracted by a profession that offers a lifetime of low pay, lock-step
advancement opportunities, poor working conditions, and public
distain. The teacher pool in mathematics and science education
continues to shrink as prospects interested in those subject fields are
being pulled away from a teaching career by broadening employ-
ment opportunities, jobs with higher salaries, career growth poten-
tial, and greater independence in work-related decision making.

Even those states and districts with incentive programs for
teaching candidates are unable to avoid employing persons who
hold emergency teaching credentials. Increased salaries and
improved working conditions, seen as essential for expanding the
teacher workforce, require an infusion of money much larger than
current legislation provides.

While teaching appears to be unable to develop much pull among
college students, it clearly is developing strong push among those
already in P-12 classrooms. In 1999-2000, nearly 50,000 more
teachers left the profession than entered it.132 A study of DOE
data concluded that 49 percent of teachers who leave the profes-
sion every year are either dissatisfied or switching careers. In
contrast, only about 27 percent are retiring.133

Four out of 10 mathematics and science teachers leave the profes-
sion because of job dissatisfaction.134 While about 66 percent of
those leaving cite salary as the deciding factor, many quit because of
working conditions, such as poor student motivation (32 percent),
poor administrative support (22 percent), student discipline prob-
lems (21 percent), and lack of faculty autonomy (15 percent).135

Teachers leaving the profession often point to the lack of resources
with which to do their work as the primary reason for their depar-
ture. Many schools — especially those where teachers are most
needed — simply are unattractive places to work. According to
the American Council on Education (ACE):

“In stark contrast to workplaces in most public and virtually all
private professional enterprises, many school facilities are
outdated, poorly maintained, and technologically obsolete; few
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school teachers have offices or access to private telephones,
private computers, or administrative support; supplies, up-to-
date textbooks, computer software, and other necessary teaching
materials often are inadequate; and the social environment for
new teachers within the schools, among parents of school chil-
dren in the community, and in relation to their colleges and
universities, often is unsupportive.”136

Additionally worrisome is the fact that the attrition problem
among younger teachers is so acute that it outweighs retirement
as a cause of teacher shortages. Data for the school year 1994-
1995 shows that 30 percent of all teachers leave the profession
within the first three years and 39 percent leave within the first
five years. Figures for mathematics and science teachers are esti-
mated to be slightly higher. Teachers are being pushed away
from P-12 classrooms by little or no mentoring during the initial
years in the classroom; by the heavy teaching assignments given
to new teachers; by assignment to out-of-field courses; and by
the absence of parental and public support and respect.

MATHEMATICS AND SCIENCE FACULTY SHORTAGES

EXTEND TO HIGHER EDUCATION

The shortage of P-12 mathematics and science teachers is, in part, a
function of a shortage of teacher educators in institutions of higher
education. As in the case of P-12 education, good ideas and inten-
tions to improve the quality and quantity of P-12 teachers have run
up against declining higher education budgets and staff size.

College and university mathematics and science departments are
experiencing a wave of retirements, but the shrinking budgets of
higher education are making it necessary to postpone the hiring of
replacements. Based upon data collected by the American Mathe-
matical Society (AMS) during the two-year period beginning in
2000, it is predicted that an 8-10 percent drop in hiring of mathe-
matics faculty will take place at the same time that the mathe-
matics faculty will be retiring at a rate of three percent per year.137

College officials testifying before a Congressional subcommittee
considering reauthorization of the Higher Education Act argued
that the higher education faculty shortage affecting the prepara-
tion of P-12 teachers includes a shortage of college education
faculty with graduate degrees in mathematics and science educa-
tion.138 Until recently, data on which to base such a recommenda-
tion has been scant.

For instance, although the AMS publishes the results of an annual
survey regarding doctorates awarded, job opportunities, and salaries

in mathematics, there is no organization that annually surveys
openings and placements in mathematics education at the univer-
sity level.139 However, an NRC survey of doctorates conferred by
almost 400 institutions during the period 1995-98 found that those
institutions granted an average of 1,130 doctorates in mathematics
per year, but only 100 doctorates in mathematics education.140, 141, 142

During the past decade, studies have documented that a low rate
of production of doctorates in mathematics education persists at a
time when the employment opportunities for those graduates is
diversifying, and when there is about to be a dramatic increase in
the pending retirements of current degree holders.

On the diversification side, traditional teacher-preparation posi-
tions in institutions of higher education have been augmented by
openings to conduct research in the teaching and learning of
undergraduate mathematics, and by positions with state depart-
ments of education, publishing companies, testing agencies, and
school districts.143

On the pending retirements side, the 1999 report of the NRC
included survey data indicating that 51 percent of the mathe-
matics education faculty in 48 institutions would be eligible for
retirement by the year 2000, and 80 percent would be eligible for
retirement by 2008.

This combination of low production of doctorates in mathematics
education and large percentages of pending retirements has
produced a supply-demand mismatch. According to a recent
University of Missouri survey of the results of searches by 119 insti-
tutions to fill 134 positions for persons with doctorates in mathe-
matics education, the typical number of applicants ranged from two
to 10 and that 49 percent of the positions went unfilled.144

A recent study of the production of science education doctorates
awarded at 10 institutions — including seven large-to-moderate
producers of such graduates — concluded that doctoral-level
programs in science education in the United States “appear unable
to supply an adequate number of graduates to fill vacant positions
in universities and other agencies.”145 The study found that, during
the decade 1990-1999, the 10 institutions graduated a total of
only 183 persons prepared to enter regular work in the field of
science education: teaching methods courses; supervising master’s
and doctoral students; and contributing to curriculum or policy
development in the field.146 Yet, in the year 2001-2002, there were
168 job postings for a doctoral-level position in only science
education and another 60 job postings for a position that
combined science education with mathematics education.147
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RAISING THE CERTIFICATION BAR:
EVERY TEACHER OF MATHEMATICS AND

SCIENCE MUST BE HIGHLY QUALIFIED

MEETING THE “HIGHLY QUALIFIED

TEACHERS” REQUIREMENT OF NCLB

The NCLB requires that, by the end of the 2005-2006 school
year, states must verify that all teachers in core subjects are highly
qualified. In the case of new teachers, highly qualified means a
bachelor’s degree and a passing score on state tests in the subjects
to be taught. For experienced teachers, it means a bachelor’s
degree and a passing score on a state evaluation demonstrating
proficiency in the subjects taught.

State-mandated assessment of the knowledge and skills of new
teachers is increasing. In 2002, 44 states reported having a written
test policy. Of these 44 states, 30 assess subject matter knowledge
in the field in which the teaching license is issued.148 Also in 2002,
35 states reported having a policy requiring either a major or
minor in the subject content field of teaching. In most states, the
requirement applies to all teachers applying for secondary certifi-
cation, which usually covers grades 7-12.149

The magnitude of the challenge of having a highly qualified
teacher in every classroom by 2006 is made clear by national
statistics on teacher qualifications gathered during the 1999-2000
school year (see Figure 5.1). In that year, the percentages of
students who were taught by teachers who did not have the two
credentials that were most likely to help their students excel — a
college major and state certification in the subject taught — were
alarmingly high.150

INEQUITABLE ACCESS TO

HIGHLY QUALIFIED TEACHERS

Studies published in 2002 report that students enrolled in mathe-
matics or science classes with high-minority and high-poverty are

less likely to be taught by a teacher who is well prepared in the
subject area. In the case of middle school mathematics, 72 percent
of high-minority classes were taught by teachers with no major or
minor in mathematics as compared with 55 percent of low-
minority classes. In high schools, the pattern is maintained with a
33 percent to 23 percent differential between high- and low-
minority mathematics classes.151

In low-poverty secondary schools (grades 7-12), 27 percent of
mathematics teachers did not have a major or minor in the
subject, while 43 percent of teachers in high-poverty schools did
not have a mathematics major or minor. Eighteen percent of
secondary school science teachers in low-poverty schools did not
have a major or minor in a science (or in science education), while
28 percent of teachers of science in high-poverty schools were
judged to be poorly prepared.152

QUESTIONABLE APPLICATIONS OF

“HIGHLY QUALIFIED”

By October 2003, 39 states and the District of Columbia reported
baseline data on the extent to which their experienced teachers
met the three criteria of the NCLB definition of highly qualified
teacher: a bachelor’s degree; state certification; and demonstrated
mastery of every subject taught.

While most of those states reported that at least 80 percent of the
current teaching force was highly qualified, percentages across the

FIGURE 5.1

PERCENTAGE OF STUDENTS TAUGHT BY

TEACHERS WITH NO MAJOR AND CERTIFICATION

Middle High
Grades School Grades

Mathematics 69 31
Science 57 27

Biology/life science 64 45
Physical Science 93 63
Chemistry * 61
Geology/earth/space science * 79
Physics * 67

*No data available. Courses in these subjects are not offered in the

middle grades.
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nation ranged from a low of 16 percent to a high of 99 percent.
Such wide variation among state counts of highly qualified
teachers suggests that “national comparisons are imperfect because
states set their own standards for licensing [certification] and
subject mastery by veteran teachers.”153

A 2003 study by the Education Trust rates the quality of this
baseline data on highly qualified teachers that states reported for
NCLB purposes. The report concludes that the reporting
methods of many states resulted in a distorted picture of where
states stand now, and what progress needs to be made.154

The Education Trust study judged that no state satisfied all
criteria for defining “highly qualified teacher;” only eight states
were judged to have definitions focused on ensuring that every
child has access to teachers with the depth and breadth of
knowledge required for them to be effective. Moreover, three of
those eight states failed to apply their definitions when reporting
to NCLB.

DEFINING THE PERFORMANCE

OF A HIGH-QUALITY TEACHER

In 1999, the National Commission on Mathematics and Science
Teaching for the 21st Century, also known as the Glenn Commis-
sion after its chairman, retired Senator John Glenn of Ohio, was
tasked to “investigate and report on the quality of mathematics
and science teaching in the nation, directing [it] to consider ways
of improving recruitment, preparation, retention, and professional
growth for mathematics and sciences teachers in K-12 classrooms
nationwide.”

Although the Glenn Commission report, Before It’s Too Late155, was
received enthusiastically when it was issued in the fall of 2000,
implementation of its recommendations languishes. The
Commission based its recommendations on a vision of mathe-
matics and science instruction that was defined as high-quality
teaching.156 It was a core premise that the ability to teach is not
something one is born with but, rather, something that is learned
and refined over time.

DEFINING QUALITY PREPARATION FOR

TEACHERS: QUALITY = CONTENT KNOWLEDGE +
TEACHING SKILLS

A study of human learning by the NRC concluded that being
deeply educated in a discipline such as mathematics or science
does not guarantee the ability to teach others but, rather, that

“expertise can sometimes hurt teaching because many experts
forget what is easy and what is difficult for students.”157 In fact,
studies of K-12 teaching effectiveness have shown positive rela-
tionships to the number of education courses taken by teachers.158

Mathematics students do learn more from certified teachers who
have taken mathematics education courses.159 Effective teaching of
mathematics requires not only in-depth content knowledge of the
subject, but also teaching skills and knowledge with which to
apply that content knowledge in problem-solving classroom situa-
tions through “useful representations, unifying ideas, clarifying
examples and counterexamples, helpful analogies, important rela-
tionships, and connections among ideas.”160

In an effort to solve mathematics and science teacher shortages by
tapping mathematicians, scientists, and engineers who are retiring
or seeking a career change, states and districts are implementing
alternative teacher certification programs. These programs are
designed to help non-traditional candidates — that is, those who
have the content knowledge in mathematics and science —
acquire the teaching skills and knowledge needed for the new,
high-quality default curricula while meeting requirements for state
teaching licenses.
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THE NATIONAL COMMISSION ON MATHEMATICS

AND SCIENCE TEACHING FOR THE 21ST CENTURY:
BEFORE IT’S TOO LATE, 2000

In the view of the Commission, a practitioner of high-
quality teaching:

• has a deep knowledge of subject matter;
• places the process of inquiry, not merely “giving

instruction,” at the center of instruction;
• insists that all students learn;
• develops a student skill set that includes observation,

information gathering, sorting, classifying, predicting,
testing, and skeptical review;

• recognizes and builds on differences in students’ abili-
ties and learning styles;

• aligns high standards for student learning with
curriculum and assessment;

• is continually refined and encouraged by professional
development, use of technology, and recognition and
rewards; and

• can be evaluated by the achievement of the students.
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In 2003, 46 states and the District of Columbia report having
some type of alternative teacher certification program.161 Most of
these programs are collaborative efforts among state departments
of education, colleges and universities, and school districts.

PROPOSALS TO IMPROVE TEACHER

EDUCATION PROGRAMS

Many teacher education programs are not aligned with the stan-
dards proposed by the Glenn Commission or the learning prin-
ciples reported by the NRC. To encourage, guide, and improve
such alignment, professional groups in the mathematics and
science communities have made recommendations for the devel-
opment of undergraduate programs that link teachers’ prepara-
tion to the content, program, and process standards for K-12
mathematics and science, and to the teaching methods most
effective in grades K-12.

The Conference Board of the Mathematical Sciences (CBMS) has
defined programs for the preparation of K-12 teachers of mathe-
matics that seek to merge relevant content related to the learning
expectations now placed on pre-college students with effective
methods of teaching mathematics. It recommends that the mathe-
matical education of teachers be carried out as a partnership
between mathematics and mathematics education faculty.162

This collaboration is critical, since research on learning and
teaching runs contrary to widely held beliefs that “anyone can
teach” and that “teacher preparation programs contribute little to
the production of quality teachers.”

Paralleling the CBMS work in mathematics, the College
Committee of the NSTA has translated the NSES into recom-
mendations for college instruction in science and, in particular, for
the preparation of P-12 science teachers.163 Both sets of recom-
mendations call not only for widespread revision of undergraduate
courses in mathematics and science for all students — courses that
also serve as the foundation of teacher preparation programs —
but also for the design and staffing of additional courses specific to
the needs of future teachers (especially elementary and middle
school teachers).

To ensure that mathematics, science, and education faculties are
encouraged to collaborate in the development of cohesive teacher
preparation programs such as those called for by CBMS and
NSTA, the ACE has “urge[d] college and university presidents to
put the education of teachers at the center of the institutional

PREPARING A NEW GENERATION OF

MATHEMATICS TEACHERS

In 2001, leaders in mathematics and in mathematics educa-
tion addressed departments of mathematics and education
at community colleges, colleges, and universities on the
issue of the preparation of K-12 teachers. Their report, The
Mathematical Education of Teachers, takes the position that
teaching K-12 mathematics requires in-depth knowledge of
the mathematics specific to the level taught. 

In addition, it asserts that content knowledge, although
necessary, is not sufficient to the preparation of K-12
teachers. Effective preparation of mathematics teachers
requires that content be studied in relation to subject-matter
teaching methods. As stated in the report: “What effective
teachers need is mathematical knowledge that is organized
for teaching — deep understanding of the subject they will
teach; awareness of persistent conceptual barriers to
learning; and knowledge of the historical, cultural, and scien-
tific roots of mathematical ideas and techniques.”

The report further describes broad concepts and proce-
dures that constitute required “mathematical knowledge
for teaching” at grade levels K-4, 5-8, and 9-12. It then
details topics that should comprise the content focus of
each concept and relates the topics to the school mathe-
matics taught at each level. Content recommendations are
not aligned with a particular school mathematics
curriculum, but they are consistent with National Council of
Teachers of Mathematics’ (NCTM) Principles and Standards
for School Mathematics.

The authors call for increased collaboration in preparing K-
12 teachers of mathematics. University courses and
programs should be designed jointly by mathematics and
mathematics education faculty and with input from K-12
teachers. Furthermore, program development should
involve faculty of two-year colleges, since a large number
of future teachers begin their postsecondary study in two-
year colleges.

Conference Board of the Mathematical Sciences, 2001
The Mathematical Education of Teachers
http://www.cbmsweb.org/MET_Document/



In 1986, the Center for Educational Renewal at the Univer-
sity of Washington established the National Network for
Educational Renewal (NNER), a network of partnerships
composed of schools of education, arts and sciences
colleges, and P-12 schools. 

NNER is the implementation arm of a research-based
agenda which has as its base four moral dimensions for
teaching in a democracy: 

• provide access to knowledge for all children;
• educate the young for citizenship in a social and polit-

ical democracy;
• base teaching on knowledge of the subjects taught,

established principles of learning, and sensitivity to
the unique potential of learners; and

• take responsibility for improving the conditions for
learning in the entire school and university community.

This four-part mission is supported by 20 postulates that
outline the conditions necessary for a robust teacher
education program, and define specific responsibilities for
individual institutions and agencies as well as necessary
collaborations. The first three postulates address the
commitment to teacher preparation programs within
higher education institutions. They require that such

programs:
• be viewed by institutions offering them as a major

responsibility to society and be supported and
promoted vigorously by the institution’s top leadership;

• enjoy parity with other professional education
programs, full legitimacy and institutional commit-
ment, and rewards for faculty geared to the nature of
the field; and 

• be autonomous and secure in their borders with clear
organization identity, constancy of budget and
personnel, and decision-making authority similar to
that enjoyed by the major professional schools. 

The 20th postulate addresses the necessary conditions for
supporting and sustaining teachers once in the field.

It raises questions concerning potentially new roles and
responsibilities for colleges and universities, schools
districts, unions and others related to the issues of induc-
tion, mentoring, professional development, teacher support
services, and compensation issues. 

Center for Educational Renewal, 2003
National Network for Educational Renewal
http://depts.Washington.edu/cedren/nner.htm

NATIONAL NETWORK FOR EDUCATIONAL RENEWAL
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agenda and to accept the challenge and responsibility to lead
constructive change.”164

In fact, cross-college collaboration in efforts to improve teacher
education has been underway in some universities for more than a
decade through their participation in the Holmes Group or the
National Network for Educational Renewal (NNER).165

Those participating in the Holmes Group often developed five-
year teacher education programs that required an undergraduate
degree in the liberal arts followed by post-baccalaureate work
directed toward applying content knowledge and teaching skills in
school settings.

Members of NNER sought to restructure teacher education to
address problems identified by John Goodlad, author of Education
Renewal: Better Teachers, Better Schools. These problems include the
disconnections among schools of education, university liberal arts

programs, and K-12 schools, and the low status of teacher education
programs and schools of education on university campuses.166

In 2004, the  president of the Carnegie Corporation of New York
challenged presidents of America’s colleges and universities to
“make it clear that teaching institutions must prepare teachers
who are proficient in the fields they will be teaching, well-versed
in the latest theories and practices of pedagogy, skilled in tech-
nology, and professionally mentored with solid classroom experi-
ence.”167 Relative to that challenge, the Corporation announced
the initiation of a five-year effort designed to strengthen K-12
teaching through the creation of a new model of teacher educa-
tion. The model, titled Teachers for a New Era, has obtained the
commitment of the leaders of 11 institutions of higher education
to redesign their teacher education programs around three princi-
ples:

• generating research evidence of learning gains in students
taught by graduates of the program;



• ongoing collaboration of the institution’s faculties of educa-
tion and arts and sciences; and

• viewing teaching as an academically taught clinical practice
requiring the engagement of master teachers as clinical
faculty in college of education and requiring two-year resi-
dencies for beginning teachers.168

IMPROVING THE QUALITY OF

PROFESSIONAL DEVELOPMENT

To ensure a supply of teachers large enough to guarantee that
every student will have high-quality instruction in mathematics
and science, explicit and continuing attention must be given to
increasing the attractiveness of the profession; improving working
conditions of teachers; evaluating and overhauling teacher prepa-
ration in these fields; and providing relevant, high-quality profes-
sional development that is aligned with the new high standards
that states and districts have set.

However, the process of learning to teach well does not end when
a teacher enters the profession. It is a career-long endeavor that
requires a lifelong plan for professional development.

Implementation of high standards in mathematics and science
education will require that current and future teachers receive
ongoing professional development in subject content and methods
of teaching that are related to state learning standards of the
students they teach.

Forty-seven states have policies requiring documented profes-
sional development as a condition for renewing a teaching license,
and most of those states require a minimum of six semester hours
of work during a five-year period.169 The most recent data (2000)
from the NAEP indicates that 81 percent of mathematics teachers
at grade four, and 48 percent of the mathematics teachers at grade
8, participate in fewer than 16 clock-hours of professional devel-
opment per year. For science, the figures are 88 percent at grade 4
and 54 percent at grade eight.170

In addition, although 24 states have adopted policies requiring that
professional development activities be aligned with the state content
standards,171 national studies do not report on the actions taken to
achieve that alignment or on the effectiveness of the professional
development activity completed on classroom instruction.

PRINCIPLES OF EFFECTIVE

PROFESSIONAL DEVELOPMENT

The systemic reform movement has greatly increased the under-
standing of what constitutes effective professional develop-
ment.172 It must be viewed as a component of the broader system
reform effort — that is, it must be tied to the system’s goals for
students, student assessment, curricula, instructional materials,
and school staffing.

Successful programs of professional development do not have a
standard format and cannot simply be transplanted from one
system to another. Rather, planners of professional development
activities must consider an array of local conditions: specific needs
of students and teachers; organization of the schools; past history
of professional development; and existing policies and resources.

Research on professional development of mathematics and science
teachers has identified seven governing principles.173 Effective
professional development experiences:

• are driven by a clear vision of effective classroom learning
and teaching such as inquiry-based instruction or in-depth
understanding of core concepts;

• allow teachers to build both subject knowledge and
teaching skills (for example, posing and responding to
questions, recognizing misconceptions);
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• model instructional strategies that teachers are intended to
use with their students;

• build a community of learners that will continue to grow in
teaching effectiveness through experimentation and
sharing;

• support the development of teachers who will lead other
teachers to embrace change;

• link professional development to other elements of the
education system; and

• include continuous evaluation of the effectiveness of the
professional development program.

PROFESSIONAL DEVELOPMENT:
LEAVE NO TEACHER BEHIND

Three decades ago, NSF encouraged and aided universities in
their efforts to enhance the education of mathematics and science

teachers by funding summer and academic-year institutes for
teachers. As the result of the procedures used in selecting partici-
pants for those institutes, the NSF-funded programs mainly bene-
fited those teachers in secondary classrooms who already were the
best-educated and most highly motivated.

In effect, the institutes served to make the best even better, but
they did not impact the large mass of teachers with weak prepara-
tion. In a renewed commitment to institutes for mathematics and
science teachers, NSF is funding programs designed to increase
the content knowledge and teaching effectiveness of that larger
group. The University of Wyoming, for example, is designing and
testing a program of new courses in mathematics and mathe-
matics education that targets middle school teachers who have
little or no previous preparation in the subject.174
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Under a grant from the National Science Foundation,
Wyoming educators are collaborating in the design and
piloting of eight new courses that integrate mathematics
and pedagogy. When completed, the courses of the
Wyoming Middle-Level Mathematics Initiative will be the
foundation of a teacher licensure program in middle school
(grades 5-8) mathematics.  

The Initiative has several unique features.

• It is broadly collaborative. Program development is
a joint venture of university, community college, and
secondary school faculty. Postsecondary faculty
members are drawn from mathematics, statistics,
and mathematics education. Secondary school faculty
include teachers who have received the Presidential
Award for Excellence in Mathematics and Science
Teaching.

• It provides in-service for its university staff. Post-
secondary faculty participate in seminars and telecon-
ferences to increase their understanding of grades
5-8 content, materials, and students and to ensure
that the eight courses come together as a coherent
program.  

• It builds course content on national and state
content standards. Course content is selected with
the goal of amplifying participants’ understanding of

the mathematics behind the standards that middle
school mathematics students are expected to
achieve.

• It places middle school teaching tasks at the
center of course design. Activities are focused on
increasing participant’s ability to communicate the
core ideas of middle school mathematics and to
resolve unanticipated questions raised by students.  

• It models what it proposes. Instructors tackle
middle school mathematics with middle school
student-tested problem-solving methods. They
employ the investigative tools (physical and elec-
tronic) and instructional strategies that they propose
be used in middle school classrooms.  

The eight courses of the program are bound together by
instructors’ focus on in-depth exploration of fundamental
mathematical ideas and by program strands that weave
through all courses:  the state’s middle school content stan-
dards; problem-solving strategies; questioning skills; in-
depth assessments; and appropriate uses of technology.  

Science & Mathematics Center
University of Wyoming, 2003
Wyoming Middle-level Mathematics Initiative
http://smtc/uwyo.edu

WYOMING MIDDLE-LEVEL MATHEMATICS INITIATIVE (WMMI)



RECOMMENDATIONS FOR

P-12 TEACHER QUALITY

1. Facilitate collaboration among the state’s department of educa-
tion, the state’s teacher certification unit, and the state’s two-year
and four-year institutions of higher education in the redesign of
teacher preparation programs in mathematics and science.
Program admission requirements, specialized content courses, and
graduation standards for teacher candidates should be aligned with
the state’s P-12 content standards. Both content and teaching
methods courses should be redesigned to help future teachers make
insightful connections between the mathematics and science they
are learning and the mathematics and science they will teach.

Colleges of education and content departments in mathematics
and the sciences must share the responsibility for achieving this
alignment. Although these programs must address the unique
professional demands of teacher candidates at each of three levels
of instruction — elementary, middle, and high school — they also
must provide teachers at each level with the in-depth content and
teaching skills of previous or following levels that will allow them
to detect and correct students’ misconceptions and to teach in a
way that anticipates future learning.

In addition, higher education faculty must collaborate with the P-12
teaching community in redesigning teacher preparation programs to
meet the new demands of mathematics and science education.

Experienced P-12 teachers have a wealth of practical knowledge:
experiences of what works in P-12 classroom instruction; insight
into student learning problems; skill in navigating the P-12
system; and understanding what it takes to engage P-12 students
in mathematics and science. This infusion of practical knowledge
can be a valuable resource to higher education in its effort to over-
haul teacher preparation courses. P-12 teachers are in a unique
position to help identify and remediate deficiencies in teacher
preparation programs. Higher education must take the lead in
establishing an environment of mutual respect and equality that
will allow this cross-system sharing to grow.

The work of higher education in improving teacher education
programs must be led by college and university presidents and
provosts, who must make teacher education central to the mission
of their institutions; lead institutional change on campus; connect
to the P-12 community; and engage in public debate directed at
shaping public policy on teacher education.

For its part, each state must provide colleges and universities with
incentives for evaluating and modifying teacher education
programs; for increasing the number of teachers of mathematics
and science (especially teachers drawn from under-represented
minorities); and for producing teachers who are prepared to work
in hard-to-staff schools.

To solve mathematics and science teacher shortages, states should
actively pursue mathematicians, scientists, and engineers who are
retiring or seeking a career change and make available to them
alternative teacher certification programs that help them acquire
the teaching skills and knowledge needed to teach the new, high-
quality curricula.

2. Ensure that the policies and practices of the state and its school
districts provide a supportive professional environment for
teachers. To improve the professional environment of new
teachers, a state’s system of teacher education should include at
least three years of transition-to-the-profession support. To
improve the professional environment of experienced teachers, it
should make every effort to equip classrooms with the best
instructional tools available, encourage and support participation
in professional organizations, reward performance, and celebrate
both teachers and their profession.

The initial education of a teacher extends beyond college gradua-
tion. Colleges and universities provide teacher candidates not only
with subject-content knowledge and with knowledge of teaching
materials and techniques, but also with the effective use of that
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knowledge in teaching then is learned in P-12 classrooms. A
state’s system of teacher education must support teacher candi-
dates during this “apprentice” period. In particular, teaching
assignments of new hires must include scheduled time for
mentoring by master teachers in their field, and master teachers
must have release time to provide that mentoring.

Orientation programs, designed and led by master teachers, should
thoroughly acquaint new teachers with district curriculum and
instructional materials at all levels so that instruction at any level can
be understood in the context of what has come before and what will
follow. Finally, district policies should limit the extracurricular
assignments of new teachers and should prohibit the assigning of
new teachers to work with the most challenging students.

To facilitate professional growth, the class schedules of all teachers of
mathematics and science should be restructured to provide in-school
time for group study and for work on improving teaching and
learning. School districts also should encourage and support partici-
pation of all teachers of mathematics and science in the activities of
local, state, and national professional organizations in their fields.

To provide field-based data on the effectiveness of current
teacher education programs, each institution of higher education
should establish a formal feedback mechanism which includes its
recent teacher education graduates. An advisory body of gradu-
ates with one, two, three, and five-plus years in the field should
meet at least once a year to review the institution’s programs and
to propose changes.

3. Promote the teaching of P-12 mathematics and science as an
attractive and honored profession. Initial salaries of mathe-
matics and science teachers must be made competitive with the
salaries of other jobs available to persons with baccalaureate
degrees in those fields. Advancements in salary and leadership
opportunities should be tied to accountability measures that
include student performance.

However, any increase in compensation for teachers will fail unless
the public has greater respect for the profession. Respect only will
come if other leading professions work together to build public
esteem for teachers and teaching. Business and higher education
are well positioned to reverse the downward spiral of prestige and
respect for the P-12 teaching profession.

Business leaders should support and celebrate the profession with
programs that recognize teaching in general and with awards that
honor outstanding teachers, especially ones that include a mone-

tary component. They should work across the professional
community to create a culture of support that would encourage
young people to enter the profession.

Higher education is in the unique position of raising the esteem
of P-12 teachers by recognizing them as equal partners in the
work of improving mathematics and science education. Collabo-
rative work focused on, and growing out of, the experience, skills,
and knowledge of teaching mathematics and science at all levels
of education will build mutual respect and understanding
between higher education and the P-12 teaching community.
Both higher education faculty and P-12 teachers have much to
learn from this collaboration.

A concerted effort must be undertaken to increase public under-
standing of who teachers are, what they do, and the conditions
under which they do it. Myths that anyone can teach, that teacher
education consists only of methods courses, that teachers keep
“banker’s hours,” and that “those who can, do and those who can’t,
teach,” must be dispelled by an accurate portrayal of teachers and
teaching, including the physical conditions of teaching. To leave
such misrepresentations unchallenged demeans education in the
eyes of students, hastens the exodus of current talent from the
profession, and is a barrier to engaging much needed new talent.

4. Ensure that the state and its school districts establish
programs of professional development that build, maintain, and

Business leaders should support and cele-
brate the profession with programs that
recognize teaching in general and with
awards that honor outstanding teachers,
especially ones that include a monetary
component. They should work across the
professional community to create a culture
of support that would encourage young
people to enter the profession.



support a knowledgeable and effective teacher workforce in
mathematics and science. For teachers to help all students
achieve higher standards, professional development programs
must be tailored to help all teachers acquire the requisite content
knowledge and teaching skills. Professional growth experiences
should be locally planned and implemented. They should focus
on enhancing teachers’ ability to make specific improvements in
student learning of mathematics and science; should be assessed
for effectiveness; and should be long-term and continuous rather
than episodic. The school day should be restructured to allow for
the inclusion of professional development activities in the daily
life of the teacher.

Handbook for A Commitment to America’s Future, A Toolkit for Leaders of State-level P-16 Councils | March 200558



CHAPTER 6. 
SYSTEM ACCOUNTABILITY



Business-Higher
Education Forum

59Chapter 6

ACCOUNTABILITY:
GOING BEYOND ASSESSMENT

Assessment is not synonymous with accountability. The word
assessment, when employed as an abbreviation for student assess-
ment, refers to a set of criteria and instruments for measuring
student learning. In a broader sense, it also is applied to sets of
criteria and procedures from measuring the effectiveness of
teachers, school administrators, and school boards.

Accountability, on the other hand, is a system of interrelated
elements that include public policies, P-12 content standards
and student assessment, performances of P-16 institutions and
governing boards, public reporting of performance, rewards,
sanctions, and continuous improvement. While assessment is
applied to students, teachers, schools, and boards to provide
information for data-based decision making, accountability is
applied to all aspects of an education system in order to improve
outcomes.

Most existing education accountability policies and practices focus
on the P-12 segments of P-16 systems. However, the term system
accountability as used here is meant to imply that it is the entire P-
16 education system, not only parts of it, that must be held
accountable for student achievement. The system comprises
government officials, college and university administrators, teacher
educators, school leaders, teachers, and students. Data on each
group’s performance (not only students and schools) must become
public record so that each can be called to task as appropriate.

If data on poor test performances is to be used to sanction
schools through such things as public embarrassment, forced re-
staffing, loss of funds, reduced budgetary control, or voluntary
student transfers, then documentation of empty rhetoric, poorly
designed and implemented policies, and allocation of inadequate
resources certainly should be grounds for comparable sanction of
public officials. No key group of education stakeholders should
escape scrutiny.

GROWTH OF THE SYSTEM ACCOUNTABILITY

CONCEPT IN EDUCATION

STATE MANDATES:THE ORIGIN

OF P-12 SYSTEM ACCOUNTABILITY

State-level education accountability programs were initiated
decades ago to measure the kinds and quantity of resources that
states and districts provided as “inputs” to the P-12 level of their
education systems. Those inputs — the number of certified
teachers, the length of the school day and year, and the number
of library books — were reviewed as part of a school accredita-
tion process performed by an independent accreditation associa-
tion or by the state as a means of determining the quality of the
education system.

But by the mid-1980s, it became clear that focusing solely on
inputs to an education system did not result in increased student
achievement. Student achievement remained poor because no one
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FIGURE 6.1

STATE-ADOPTED ACCOUNTABILITY POLICIES

No. of States
Policy with that Policy

State requires school-level “report cards” relative to NCLB criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
School report cards include disaggregated student performance data by 

Race/ethnicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Poverty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Limited English proficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Special education/disabled students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

High school report cards include disaggregated graduation/dropout rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
State assigns rating to all schools or identifies low-performing schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
State provides assistance to low-performing schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
State accountability program includes sanctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

School closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Reconstitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Reconstituting schools as charter schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Permitting student transfers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Turning over schools to private management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Withholding funds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

State provides rewards to high-performing and improved schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

in the education system was held responsible (accountable) for
student performance. Education needed to broaden its evaluation
focus from inputs to outputs, from the quantity and quality of the
system’s resources to the quantity and quality of the system’s grad-
uates, and from P-12 to P-16.

FEDERAL MANDATES:
RAISING THE STAKES OF P-12 
SYSTEM ACCOUNTABILITY

The 1994 IASA focused national attention on the nature of
state and district education accountability programs. IASA
required states to establish challenging P-12 content and
performance standards; to implement assessments that meas-
ured student performance against those standards; and to
hold schools and school systems accountable for the achievement of
all students.

IASA mandated that each state or district develop a single P-12
accountability program applicable to all students. The state was to

use that single system statewide to determine if schools and
districts were achieving targeted goals for helping all students
meet state standards; to identify schools that did not reach the
adequate yearly progress goals for all students during two consecu-
tive years; to target appropriate resources to these schools; and, if
necessary, to take strong corrective actions such as replacing staff
or closing the school.

But implementation of IASA nationwide was uneven. Six years
after the law took effect, only 22 states had single-system
accountability programs in place. More than half of the states
had dual accountability programs. In the dual-system states, one
set of measures of adequate yearly progress were applied to
“most” schools. However, a different set of measures were
applied to those schools that qualified for federal funds
intended to improve the performance of disadvantaged children
(Title I schools).

In addition, benchmarks for judging the successful implementa-
tion of IASA varied from state to state. States differed both in
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the percentage of students required to reach the state-defined
level of proficiency and in the timeline given for reaching profi-
ciency.

Only one-third of the states focused on closing the gap between
low- and high-achieving students in their Title I schools, and
few states required schools to close the documented achievement
gaps for students of color, students from low-income families,
and students with disabilities and limited English proficiency.175

Simply put, the federal government did not enforce measures of
IASA that were intended to hold states accountable for its
implementation.

In passing NCLB in 2002, Congress strengthened the educational
accountability provisions of IASA. For instance, NCLB:

• sets specific starting dates and schedules for testing all pre-
college students in reading, mathematics, and science;

• requires that a single measure be used in reporting the
annual yearly progress of all students, schools, and school
districts;

• delineates the types of corrective action that states and
districts should take when schools fail to make adequate
progress;

• establishes a target date (12 years) by which all students
must score at a state-defined Proficient level;

• holds states, school districts, and schools accountable for
the adequate yearly progress of subgroups of students; and

• sets a date by which states must have a highly qualified
teacher in every elementary and secondary school class-
room.

A state’s failure to comply with NCLB’s accountability provisions
can result in the loss of federal education funds. Also, students 
in low-performing schools must be given the option of transfer-
ring (along with their state funding) to a school that is not 
low-performing.

NATIONWIDE VARIATION IN STATES’
P-12 ACCOUNTABILITY PROGRAMS

Despite increased state attention to education accountability in
response to NCLB, the details of accountability programs relative
to P-12 differ greatly from state to state. This widespread varia-
tion in state-legislated accountability policies is illustrated (see
Figure 6.1) in data from a 2003 Education Week report.176

States also differ with respect to the combination of criteria that
determine whether a district or school qualifies for a reward or

for some form of state intervention to help improve student
performance. The criteria listed in Figure 6.2 were gathered
from state statutes and regulations and from state departments
of education documents by the ECS.177

States also vary in the details of the performance goals of their
accountability programs. While most states have established
standards of proficiency for some or all students, those stan-
dards are not comparable across states because states use
different assessment instruments and set different minimal “cut
scores” for different performance levels. A study of states’ cut-
score definitions for Proficient performance in mathematics in
grades four and eight found that:178

• proficiency standards among states differ enough to cause
substantial differences in the percentage of students catego-
rized as proficient from one state to another, even if the
students measure exactly the same skills; and

• proficiency standards within individual states differ enough
across grades that they may provide teachers with inconsis-
tent proficiency indications for a large percentage of
students.

States also differ with respect to the percentages of students that
are expected to meet Basic or Proficient scores and with respect
to the length of the timelines under which students are expected
to reach proposed performance benchmarks.179
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FIGURE 6.2

CRITERIA USED TO TRIGGER

REWARDS & INTERVENTIONS

Criteria No. of States
Student achievement/

assessment scores  . . . . . . . . . . . . . . . . . . . . . . . . .32
Improvement in achievement/

assessment scores
(“value added”)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .21

Student attendance rate  . . . . . . . . . . . . . . . . . . . . . . .17
Dropout rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
Graduation rate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
Student behavior  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6
Transition (education or employment

after high school)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .4
Expenditure and use of resources  . . . . . . . . . . . . . . . .3



DESIGN REQUIREMENTS FOR A VALUE-
ADDED ACCOUNTABILITY SYSTEM

NCLB gives high priority to the annual assessment of student
performance as an element of a state accountability program. A
closely associated feature of some accountability programs is a
value-added design that tracks the incremental value that the
system of education adds to the performance of each student as the
student moves through the system. Ohio’s Project SOAR (Schools’
Online Achievement Reports) is one example of an accountability
program that supports the application of value-added assessment
both to individual students and to groups of students.

At the foundation of a value-added accountability system are
detailed data on each student. Collecting data on each student is
the primary requirement of a statewide student data collection
system proposed by the National Center for Educational Account-
ability (NCEA).180 NCEA’s nine data system requirements are:

• assignment of a statewide student identifier to each student
in the system;

• individual student-level information on enrollment, demo-
graphics (for example, race, economic status), and program
information;

• individual student scores on state exams;
• information on students not taking state exams, including

why each student did not take a particular exam;
• high school course-completion data on individual students;
• individual student results on ACT, SAT, and College

Board’s AP exams;
• individual student high school completion and dropout data;
• auditing of the state data-collection process; and
• ability to match K-12 student data with postsecondary

performance data.

Finally, designers of education accountability programs should
note that such recommendations on data-gathering need to be
embraced as carefully as a porcupine. Lacking plans for the careful
analysis, thoughtful use, and security of the data gathered and
stored, the educational progress of both individual students and
the system as a whole can be badly injured. Accountability systems
themselves must be held accountable.

STATES’ CHALLENGES IN IMPLEMENTING

P-12 ACCOUNTABILITY

States exhibit considerably commonality with regard to the chal-
lenges they face in implementing effective accountability
programs that satisfy NCLB.181 While educators, business leaders,

policymakers, and the public are generally supportive of higher
standards for all students and of annual assessment of student
progress, there has been widespread distress as NCLB accounta-
bility criteria have come into play.

Communities have responded with shock and anger when schools
they considered to be good or excellent were designated “low-
performing” under NCLB. Classification as a low-performing
school resulted when disaggregated performance data revealed
that particular student groups in the school (low-income or
limited English proficiency students, for example) were not
making adequately yearly progress.

In reaction to public outcry, some states have redefined (lowered)
expectations and extended implementation schedules by several
years. Some states have opted to lower the “cut scores” of their
proficiency ratings, thus ensuring a higher student passage rate
and avoiding the loss of federal education funds. Also in reaction
to the consequences of high-stakes assessments and accountability
measures, students, parents, and the general public are challenging
systems’ promotion and graduation requirements.

The federal government’s accountability expectations call for
major expansion of testing programs. Because this costly expan-
sion comes at a time when state and local education budgets are
badly strained, it has led some states and districts to abandon the
development and use of customized, criterion-based tests that are
closely matched to their standards. They are turning instead to the
use of machine-scored, off-the-shelf tests that, while less expen-
sive, often are poorly aligned with the systems’ content standards
and, hence, are less valuable as a diagnostic tool.

The finance challenge is further complicated by the federal
mandate that states and districts provide tutors and supplementary
programs to assist students who are not making adequate yearly
progress. They also are required to provide intervention services to
improve low-performing schools. States are anticipating that from
30 percent to 80 percent of their schools will qualify for and
request such intervention services.182

NCLB requires that every teacher of mathematics must be highly
qualified by 2004, and that every teacher of science must be highly
qualified by 2006.The challenge of complying with these teacher
quality provisions is twofold. On the one hand, budgetary issues
present a challenge. Highly qualified teachers cost more than
uncertified teachers or teacher aides. Some states and districts find
that their current and anticipated budgets do not even permit
them to continue to employ the existing teacher force.
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A second and far greater challenge to satisfying the highly qualified
teacher mandate is posed by a national shortage of teachers of
mathematics and science at a time when state and district policies
are requiring all students to take more mathematics and science.
The demand for teachers of mathematics and science is steadily
increasing, but the supply is decreasing. The shortage is especially
acute in areas with concentrations of high-poverty schools.

FOCUSING SYSTEM ACCOUNTABILITY ON

IMPROVING STUDENT PERFORMANCE

The accountability provisions of NCLB call for a holistic approach
to the design and implementation of state accountability programs.
States are rethinking the structure, purpose, and emphasis of their
accountability systems. Their thinking draws upon organizations
such as ECS, which has summarized the key policy issues state
leaders face in overhauling an accountability system.

Prior to the enactment of NCLB, ECS initiated a project to
develop “next-generation” improvement-focused accountability
models designed to help states expand the use of their accounta-
bility systems from only reporting how well schools and students
are doing to actually designing and using their accountability
systems to bring about system-wide improvement.

Five ECS accountability models represent a shift from “keeping
score” to focusing on improving student learning. All five models
assume application within a standards-based system, but each
uses different theories of change and improvement to address
different needs and situations and is designed to work under
various conditions.183

EXPANDING SYSTEM ACCOUNTABILITY

FROM P-12 TO P-16

In 1999, the ACE argued the need for direct involvement of
college and university presidents in improving teacher quality.
ACE recommendations regarding that involvement recognized
teacher education as a P-16 endeavor and included teacher
education accountability responsibilities for institutions of
higher education.

Specifically, college and university presidents were called upon to
“mandate a campus-wide review of the quality of their institu-
tions’ teacher education programs” and to “commission [in coop-
eration with their governing boards] independent appraisals of

VALUE-ADDED ANALYSIS IN OHIO:
PROJECT SOAR

Project SOAR (Schools’ Online Achievement Reports) is a
Battelle for Kids initiative designed to help Ohio school
districts improve student performance. The centerpiece of
the project is a secure web site educators can use to view
district, building, grade, and student-level performance
data.Project SOAR produces reports at the school and grade
levels — not at the classroom or teacher levels. Project
SOAR’s value-added analysis of student performance data
assists districts in their efforts to focus on instruction to
improve performance and raise achievement levels.

Value-added analysis adds an important new dimension to
an education accountability program by measuring whether
schools and districts are making progress toward reaching
the state’s standards. The value-added methodology offers
a way to gauge district, school, and program effectiveness.
It provides critical data with which to analyze the impact of
various educational, instructional, and program practices on
student achievement levels. 

Project SOAR methodology has the potential to create a
more comprehensive accountability program. For instance,
Ohio now measures only how students perform against its
standards proficiency “bar.” This annual report presents a
“snapshot” of school building achievement. It is based on a
single assessment of a group of students at a single point
in time. The procedure does not track the progress of that
group of students over time.

In contrast, value-added analysis provides a “big picture”
overview that tracks both individual student progress and
students in groups during multiple years. 

Project SOAR is being piloted in 42 volunteer school
districts across the state. Project staff meets with each
district individually to train district staff on the use of the
value-added reports. A year-long training program has
been developed to build the internal capacity of district
teams to use the data to focus on instruction to improve
student achievement. 

Battelle for Kids
Project SOAR
http://www.battelleforkids.com/b4k/rt/initiatives/SOAR
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State policymakers should consider 10 key policy issues
when designing and implementing accountability programs:

1. Define Purposes and Goals. Identify desired
purposes and design an accountability program to
serve all of those purposes effectively. One way to do
this is with a coordinated accountability program that
satisfies different purposes at different levels of the
education system.

2.Establish a Design and Implementation Process.
Appoint a working group or create an independent
panel charged with the design, implementation, and
maintenance of the accountability program. 

3.Decide Who Will Be Held Accountable and How
Performance and Progress Will Be Measured.
Design an accountability program that articulates
expectations for all education system participants —
students, schools, legislature, state and local school
boards, state departments of education, higher
education, district administrators, teachers, parents,
and community and business leaders.

4.Decide How Performance and Progress Will Be
Compared. The performances of students, schools,
or districts might be compared by using an absolute
performance standard, a value-added standard (gain
scores), or percentile rankings on standardized tests.

5.Decide What Levels of Data to Collect and Report.
Data can be collected and reported to allow compar-
isons at the international, national, state, district,
school, or individual student level. The appropriate
levels of comparison are determined both by the
purposes of the accountability program and by cost
considerations. 

6.Weigh the Costs. Features that increase accounta-
bility program costs include: custom-developed
tests; annual development of new tests; “hand-
scored” tasks or test items; assessing several
grades or subject areas; testing all students rather
than a sample; refining tests’ technical quality to
ensure legal defensibility; and rewarding high-
performing schools.

7. Create Rewards, Sanctions, and Other Incentives.
Select rewards and sanctions that have high potential
for focusing teachers’ work, motivating school
improvement efforts, and improving teaching and
learning. Implement sanctions on a continuum,
starting with assistance and possibly ending with a
“state takeover.”

8.Help the Public Understand Results. Help the
public understand what leads to the specific rewards
and sanctions and why such actions are likely to be
productive. Educators and policymakers must explain
new reporting formats and how a standards-based
accountability program differs from previous account-
ability programs.

9.Support Teachers, Schools, and Districts. Give
equal attention to creating the conditions for effective
teaching and to holding schools accountable for
results. Support effective teaching by revising
licensing, certification, and professional development
standards, by organizing professional development
centers, by allocating additional teaching resources,
by developing reform networks, or by providing direct
assistance to schools and districts.

10. Fine-Tune the Program. Demonstrate commit-
ment to the accountability program with a plan to
evaluate, refine, and sustain it over time. Without
such visible commitment, accountability may be
perceived as just another state-imposed program.

Education Commission of the States, 1998
Designing and Implementing Standards-based
Accountability Systems
http://www.ecs.org/clearinghouse/33/44/3344.htm 
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“Next-generation” accountability models offer states a
variety of approaches to bring about improvement in
schools and student performance across a standards-based
education system. The models’ development was guided
by seven principles drafted by the National Forum on
Accountability, a 23-member panel of educators, teachers,
business leaders, and policymakers:

• The purpose of accountability systems should be to
improve teaching and learning so that all students
reach challenging standards.

• Accountability should be expanded to include all
levels of the education system — state, district,
school, and classroom.

• Adults in the system should be held accountable for
student performance.

• Better — and multiple — measures should be used to
hold the system accountable.

• Accountability results need to be more timely and
useful.

• System capacity should be built to support better data
use.

• Accountability systems should be evaluated on an
ongoing basis. 

The principles were used to develop five different next-
generation accountability models:

1. The Regulated Market Model combines a market
system of choice with standards-based reform. Some
regulations are included to ensure the public interest
and investments in education capacity. Market forces
— choices by families, educators, and school opera-
tors — ensure accountability.

2.The Teacher Professionalism Model uses a career-
development system based on standards for teacher
preparation, teacher licensing, induction, career
progression, and teacher performance. Meeting high
professional standards and improving student
achievement ensure accountability.

3.The Quality Improvement Model rests on the belief
that improving product quality (student achievement)
relies on the improvement of process quality
(teaching and learning). Accountability is based on
student gains in achievement and on a performance
review of quality processes.

4.The K-16 Model uses standards to align high school
graduation requirements to college admission require-
ments. System indicators, coupled with incentives
and consequences, seek to keep the system aligned
and create multiple pathways to postsecondary
education.

5.The Community Involvement Model recognizes
that student achievement reflects the contribution of
parents and a variety of community-based organiza-
tions, in addition to schools. A community-wide
strategic planning process, coupled with the alloca-
tion of resources to those organizations contributing
to the community’s goals, is the backbone of this
accountability mechanism.

For each model, various “supporting conditions” are identi-
fied. These conditions often include significant policy
changes; a more deregulated system to allow increased
decision-making at the school level; and capacity-building to
help educators and others learn the “how” of improvement
while holding multiple stakeholders accountable.

Education Commission of the States, 2003
Next-Generation Models of Education Accountability
http://www.ecs.org/html/issue.asp?issueid=206
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the quality of their institutions’ teacher education programs.”184

Education is a P-16 system endeavor. Education accountability is
a P-16 system responsibility.

RECOMMENDATIONS FOR

SYSTEM ACCOUNTABILITY

1. Establish a balanced accountability system that requires that the
contribution of each stakeholder group be subject to continuous
assessment. Currently, many stakeholder groups are not  held
accountable for their unique role in efforts to improve the achieve-
ment of all students. A balanced accountability system ensures every
stakeholder group an equal opportunity to share both credit for
system improvements and blame for system failures.

2. Urge that the state’s P-12 education accountability policies
encompass the responsibilities of all key stakeholders of its educa-
tion system: the governor and legislature; members of the state
department of education; faculty and administrators of institu-
tions of higher education; district- and school-level leaders;
teachers; and students. Under a comprehensive accountability
program, each group should be held responsible both for its
performance in improving the effectiveness of its unique role in
the system and for its performance in coordinating improvement
efforts with other stakeholder groups to increase the effectiveness
of the system overall.

State policymakers (the governor and legislators) should
be held accountable for formulating, funding, and

assessing the effects of a coherent set of accountability
policies governing all levels of the state’s P-16 system. If
schools are to be held accountable for the academic success
of all students entrusted to them, then state government
should be held accountable for the performance of policies
that define, implement, support, and assess its strategies
for improving schools’ effectiveness. In particular, policy-
makers are responsible for guaranteeing that districts and
schools have equitable access to human and material
resources.

The state’s department of education should be held
accountable: for collecting, analyzing, and reporting (in
formats understandable to the different audiences who need
to be informed) data on the status and progress of students’
P-12 performance and their success in postsecondary study;
for providing performance-improvement services to low-
performing schools and districts; and for making subject-
specific assessments and predictions for the demand for and
supply of highly qualified teachers.

The state’s teacher certification unit should be held
accountable for defining and enforcing credentialing stan-
dards that mirror and support schools’ responsibility to
prepare all students for successful transition to postsec-
ondary education or the workplace. Credentialing standards
should focus on content and performance standards for
teachers that are directly related to the higher expectations
in mathematics and science that have been set for all
students. The standards should be reviewed periodically to
ensure that they reflect evolving student expectations.

The state’s institutions of higher education should be held
accountable for producing highly qualified teachers of
mathematics and science for all levels of the state’s P-12
system. The quality of teachers should be viewed as the
responsibility of the entire institution — that is, of the
departments charged with developing teaching skills, the
departments charged with developing content knowledge,
and the administrative officers responsible for allocation of
resources to the teacher education program.

District- and school-level leaders, both administrators and
school teams, should be held accountable for the planning,
implementation, and evaluation of long-term, school-
specific improvement programs that ensure all students the
opportunity to meet the state’s academic performance stan-
dards. Along with this plan should come the flexibility to
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…P-12 education accountability policies
encompass the responsibilities of all key
stakeholders of its education system: the
governor and legislature; members of
the state department of education; faculty
and administrators of institutions of
higher education; district- and school-level
leaders; teachers; and students.



manage the available resources and to meet the goal of the
improvement program. School-level accountability should
be based on annual value-added assessments of the
performance of each school rather than annual comparisons
among schools.

Teachers should be held accountable for the performance
of their students. Teachers in need of strengthening their
teaching skills and-or their content knowledge should be
provided with appropriate professional development oppor-
tunities and individualized assistance. After careful experi-
mentation and evaluation, school systems should adopt pay
and bonus plans that link individual teacher’s compensation
directly to his or her ability to foster student learning.

Students should be held accountable for completing high-
quality core curricula in mathematics and science and for
meeting the high academic standards set by the state and
district. Extra “resources” should be made available to
students experiencing difficulties meeting the standards.
Students may need multiple opportunities to pass tests or
extra time to reach their goals.

3. Ensure that state and district sanctioning of P-12 students
(for example, requiring that a student repeat a grade or a high
school diploma be withheld) is based on multiple, appropriate
measures of standards-related student performance. No test
should be the sole criterion for imposing a sanction. In addition
to state and district grade-level assessments in mathematics and
science, appropriate measures would include performances in
state or national academic competitions; end-of-course test
results in selected courses in the core curricula; portfolios of
work on extended tasks; and written and oral presentations of
research. Promotion and graduation decisions also should
include both input from teachers who know the student and
consideration of the educational opportunities available to the
affected student in the school and district.

4. Facilitate the collaboration of businesses and institutions of
higher education in linking student achievement of the state’s
P-12 academic standards to an array of desired postsecondary
goals. Decisions made by institutions of higher education rela-
tive to admission, scholarships, and participation in special
programs should be based at least in part on students’ perform-
ance on the state’s standards-based assessments. Employers
should request and use such data in hiring, in setting initial
salary rates, and in selecting candidates for training programs
leading to higher-paying positions. These postsecondary uses of

P-12 performance data should be made clear to students and
parents when students enter middle school.
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SHARPENING THE FOCUS OF

BUSINESS AND HIGHER EDUCATION

Business and higher education need to take on new leadership roles
that provide more effective support to P-12 educators in achieving
system change. It is imperative that business increase its investment
in high-impact activities that are focused on P-16 system change
and reexamine its entire education outreach investment portfolio to
make certain that all parts — however large or small — are aligned
with and are in direct support of the system’s change plan.

Higher education, because it is the source of the P-12 teacher
force and because it is positioned between P-12 education and the
workplace, needs to place teacher preparation at the center of its
mission and work to eliminate the “expectations gap” between the
knowledge and skills required for graduation from high school
and the knowledge and skills expected for successful entry into
postsecondary courses.

MAXIMIZING THE EFFECTIVENESS

OF BUSINESS PARTICIPATION IN

SYSTEM REFORM

The interest and investment in a state’s system of education by
business is second only to that of the state’s government. Busi-
ness leaders understand that supporting a good system of
education is good business, and the corporate community has
not hesitated to annually invest millions of dollars and

uncounted hours of time in efforts to improve education.
Unfortunately, that cumulative investment has had little cumu-
lative effect. It’s time for business to look carefully at its educa-
tion investment portfolio.

About 15 years ago, the National Alliance of Business (NAB)
analyzed the business community’s education investment portfolio
in terms of the types of partnerships through which businesses
were supporting improved student learning.185 It identified six
types of partnerships in that portfolio. While each type of part-
nership contributed to reform’s bottom line, the relative impact of
the six types of partnerships was judged to decrease significantly
from Policy Partnerships (highest impact) to Special Service Part-
nerships (lowest impact). (see Figure 7.1)

The two high-level partnerships, Policy and Systemic Improve-
ment, are focused on coordinated and continuing change of an
entire education system. Their purpose is to make the system self-
examining, self-correcting, and self-renewing by bringing about
fundamental changes in the system’s education policies, programs,
and practices. While they typically require a large upfront invest-
ment in strategic planning and in building trust and commitment
within a broad partnership before the first measurable improve-
ments appear, they eventually yield significant and sustained
improvements that continue to affect the education of a large
number of students over an extended period of time.

As one moves down the remaining partnership levels of the
inverted pyramid from Management to Special Services, the
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educational interventions require decreasing commitments of
corporate time and funds. These partnerships are effective in
responding to specific and immediate needs or interests of
districts, schools, or individuals, and are valued by those served.
However, they are of neither the size nor the duration required to
influence the education of large numbers of students or to make
basic and lasting changes in an education system.

NAB’s analysis of the relative impact of the six levels of business
involvement in education led to the conclusion that businesses
“must analyze their level of involvement and escalate and expand
their investments toward those [levels] which bring about
systemic educational improvement and policy change.”186

The BHEF calls upon business to improve its overall impact on
education by using two related strategies: leading P-16 system
reform and aligning all of its education outreach investments with
the system’s reform agenda. Implementation of these two strate-
gies is ordered, since the definition, wide acceptance, and initia-
tion of a coherent P-16 system change plan are prerequisite to the
alignment of corporate education investments with specific and
prioritized needs identified through that planning.

LEADING P-16 SYSTEM REFORM

The role of P-16 councils is to organize and guide the complex
work of system change. For a number of reasons, the role of busi-
ness in participating in system reform at the Policy and Systemic-
Improvement levels, as described by the NAB, is to lead council
work.

A federal government study of two states in which statewide gains
in mathematics scores were both significant and continuing under-
scored the importance of the deep and sustained involvement of a
core group of business leaders.187 Such a core group advances effec-
tive system change by studying all sides of education issues, estab-
lishing relationships with decision makers at all levels, and
explaining the situation to other, less involved, business leaders.188

Business leaders are free to propose and promote system change in
important ways that educators and state department of education
officials cannot, since the latter council members are under legal
obligations to implement existing policies and programs.

Business leaders have direct access to high-level elected officials
and can advocate for policy changes. By contrast, higher educa-
tion faculty and, with a few exceptions, administrators are barred
from such activity.
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Because the participation of business leaders in council activity is
not at the mercy of the election cycle, they provide stability to
council work in implementing and refining a long-term plan for
improvement of the entire system.

Therefore, to achieve greater return on businesses’ investment in
mathematics and science education, business leaders should take
the following actions:

Policy
• Chair a state-level P-16 council committed to the long-

term goal of continuous improvement of P-12 mathematics
and science education.

• Lead the council in developing a strong case statement that
addresses the need for improving mathematics and science
education statewide; that articulates the council’s vision for
meeting that challenge; and that outlines the council’s
action plan to reach that vision, including associated
benchmarks and assigned responsibilities.

• Advocate the council’s reform agenda with state policy-
makers — governors, legislators, and board of education
members.

• Develop a deep understanding of the state’s P-16 system
of education and its decision-making structure, and
communicate that understanding to the business
community in terms it can understand and act upon in
supporting change.

• Be a consistent voice in the political arena for policies and
programs that promote the improvement of the mathe-
matics and science achievement of all students starting in
elementary school and continuing through high school.
Science and mathematics educational reform and
improvement should be given a place of prominence as
part of business’s lobbying agenda.

• Encourage corporations to align their education outreach
initiatives, grant making, employee volunteerism, public
relations, and governmental affairs work with the council’s
vision of standards-led improvement of P-12 mathematics
and science education. High-level sponsorship and coordi-
nation may be required to tie local business efforts to the
council’s strategy for educational improvement.

• Promote, with the assistance of higher education, a national
education initiative similar to the Morrill Act. Where the
Morrill Act focused on agriculture and supported the
development of land grant universities, this new initiative
would focus on expanding the university’s capacity and
responsibility for the improvement of P-16 mathematics,
science, and technology education.

Systemic Improvement
• Share business’s expertise in management systems. Initiate

and-or extend the strategic application of business practices
to the problems of P-12 education reform — strategic
planning, data-driven decision making, and measurement
of customer satisfaction.

• Promote participation in P-16 councils with business peers
to ensure a continuous business-leadership base. Estab-
lished groups, such as the Business Roundtable, should be
tapped to provide leadership and coordination. CEOs
should be sought as active participants in council work.

• Promote and sponsor policies, programs, and investments
that will make the teaching profession a more attractive
career option. Publicly support all aspects of the profession
— recruitment, preparation, initiation, retention, and
professional development.

• Act locally to assist school districts in attracting and
supporting qualified mathematics and science teachers.

• Encourage other business leaders to speak out on the
importance of mathematics and science education for all
students.

• Provide annual feedback to schools on specific academic
strengths and weaknesses of cohorts of graduates entering
the workforce. If characteristics other than academic
knowledge (for example, reliability, work habits, personal
appearance) are assessed, feedback should be directed to
parent and community groups.

• Encourage business groups to help parents, educators, and
citizens understand the benefits of higher standards, high-
quality curricula, better assessments, and sensible accounta-
bility systems.

• Communicate workplace academic skill requirements to
leaders of P-12 and higher education, to parents, and to
students.

• Help “sell” parents and students on the value of a strong
preparation in mathematics and science by communicating
how it can help students achieve “The American Dream.”

• Address parents honestly and directly on their responsi-
bility to set high expectations for their children’s education
and to support them in their efforts to attain it.

ALIGNING BUSINESS INVESTMENTS WITH

IDENTIFIED P-16 SYSTEM NEEDS

Corporate education investments in the four lower levels of
education partnerships identified by NAB should be directly
linked to priorities of a P-16 system’s overall plan for improve-
ment of mathematics and science education. Contributions to
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management assistance, professional development of educators,
classroom enrichment, and special services activities are most
effective when they address specific, documented needs of the
system. Random acts of intervention conceived without consid-
eration of the system’s plan for improvement must be avoided.

Too often, the positive results of interventions at these lower levels
are minor and short-lived. The system quickly reverts to performing
as it did prior to the intervention, except that the levels of frustra-
tion of both business and education leaders often have increased.

However, guided by the comprehensive planning of a P-16
council, even small corporate investments can contribute to lasting
positive improvements. Redundant and conflicting efforts can be
avoided; formerly separate efforts can be connected to achieve
greater impact; ineffective interventions can be modified or
replaced; and system needs can be addressed coherently and in the
order of their importance.

All business interventions to support P-12 education should be
aligned with the comprehensive reform plan of the P-16 council.
As the council’s plan takes shape, the following actions are exam-
ples of business interventions at the lower levels of the NAB
pyramid that could prove valuable to the extent that they are
directly related to specific elements of system reform:

Management 
• Provide training and technical assistance to district and

school administrators in system change methods, organiza-
tional management, and evaluation techniques.

• Assist districts in establishing data management systems.
• Invite school administrators to participate in business-run

management programs, retreats, and conferences.

Professional Development 
• Provide certified volunteer substitute teachers or support

for certified regular substitute teachers to allow teachers to
participate in professional development activities.

• Sponsor a series of summer institutes or summer work
experiences for teachers that offer real-world applications
in mathematics and science.

• Sponsor the planning and operation of a professional devel-
opment program or a series of activities on a topic of high
priority to the district (for example, the teaching of algebra
throughout P-12 or the analysis and use of test data).

• Support teacher participation in activities of state and
national professional organizations such as the NCTM
and the NSTA.

Classroom Enrichment
• Participate in a district-trained tutoring network that

provides in-person or online assistance to students studying
advanced topics or to students needing assistance in
meeting state standards in mathematics and science.

• Sponsor a mathematics or science lab for long-distance,
higher level coursework in schools limited by geographic
location and technology resources.

• Provide access to informal education activities that support
the learning goals of the district (for example, a field trip to
a research facility to experience scientific research).

Special Services
• Support a program that encourages middle and high school

students to take mathematics and science courses every
year.

• Support a program that provides information about, and
help in applying for, admission and financial assistance to
attend institutions of higher education.

• Purchase and maintain specialized equipment for mathe-
matics and science instruction.

• Provide incentives such as awards, recognition programs,
and scholarships that encourage students to pursue mathe-
matics and science in higher education.

MAXIMIZING THE EFFECTIVENESS

OF HIGHER EDUCATION PARTICIPATION

IN SYSTEM REFORM

Institutions of higher education, both two-year and four-year, are
gatekeepers of teacher quality. Together, two-year and four-year
colleges control the design, implementation, and evaluation of
program changes needed to improve both the initial preparation
and the continuing professional development of P-12 teachers of
mathematics and science. They set the standards for entry into
teacher education programs, for placement in particular courses,
and for institutional endorsement that graduates have demon-
strated the content knowledge and teaching skills necessary to
teach mathematics or science at each level of P-12 schooling.

Two-year colleges have become highly attractive to a large
number of students and play an important role in their postsec-
ondary education. In the year 2000, more than 40 percent of all
undergraduates were enrolled in public community colleges.
Approximately 30 percent of enrollees later transfer to four-year
institutions.189 Rising enrollments have been attributed to open
admissions policies, proximity to jobs and family, primary institu-
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tional commitments to instruction rather than research, and low
tuition and fees.

Of the 1,100 community colleges in the United States, 100
institutions spread across 22 states have teacher-preparation
programs.190 Approximately 20 percent of teachers currently
begin their work in community colleges.191 While most states
operate a 2-plus-2 system in which community colleges offer
only the first two years of a teacher-preparation program before
candidates move to a four-year institution to complete their
work, some community colleges recently have sought and
received approval to offer bachelor’s degrees in education.192 It is
estimated that community college programs could provide
about a quarter of the new teachers needed over the next
decade.

Approximately six million students now are enrolled in two-
year colleges and take their entry-level college courses in math-
ematics and science in those institutions.193 A survey conducted
by the CBMS found that two-year college mathematics
programs taught about 41 percent of all undergraduate mathe-
matical sciences (mathematics, statistics, and computer science)
enrollments in the United States.194

In the year 2000, those community college enrollments
included 18,000 students who were taking Mathematics for
Elementary School Teachers.195 Also, almost all (98 percent)
public community colleges currently offer remedial courses, the
largest number of which are in mathematics and which account
for 55 percent of all community college mathematics program
enrollments.196 In 2000, about 35 percent of community college
freshmen were enrolled in a remedial course in mathematics.197

LEADING P-12 REFORM BY SETTING HIGHER

STANDARDS FOR HIGHER EDUCATION

The work of improving a state’s system of mathematics and
science education cannot succeed without the participation of
leaders from its institutions of higher education. They must
redesign the postsecondary education of all students — and of
prospective teachers, in particular — with broad goals that:

• focus education on lifelong learning skills and attributes
needed for a nation of learners;

• create content that is challenging, motivating, and relevant;
• encourage learning through more interaction and individu-

alization;
• increase opportunities and access to education; and
• adapt objectives to specific outcomes and certifiable job-

related skills.198

That redesign work will both serve and be served by participation
in a P-16 council. As members of such a council, higher education
leaders should take the following actions:

Support P-16 Council Work

Directly Support the Mathematics and Science Education
System Reform Work of the State’s P-16 Council

• designating senior administrators and faculty to work with
the council;

• encouraging council participation of business school
faculty, since their expertise in business practices could
positively impact the organization, management, and work
of the council;

• collaborating with the state department of education,
school districts, schools, and teachers in council efforts to
develop extended, school-specific professional development
programs focused on the teaching and learning of the
high-quality mathematics and science curricula — activities
might include site-based or distance-learning experiences
focused on teaching innovations, content knowledge, or
scientific research methods;

• guiding council work with school districts seeking to
provide induction and mentoring support for new mathe-
matics and science teachers;

• fostering and supporting mathematics and science teacher
performance evaluation systems calibrated with educational
standards;

• assisting council efforts to better define, gather, and report
data on P-16 system issues in mathematics and science
education such as teacher supply and demand, high school
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graduates’ performance in entry-level courses, and postsec-
ondary program completion rates;

• informing and supporting council efforts to increase the
quantity and quality of P-12 teachers of mathematics and
science;

• informing and supporting council efforts to increase
minority groups’ interest in and access to careers in mathe-
matics and science, including teaching;

• integrating the training of teachers more fully within the
science and liberal arts curricula, providing them with more
interaction with non-education peers and faculty;

• developing programs for teachers that support them in
their efforts to stay abreast of developments in their fields,
including opportunities to work with mathematics,
science, engineering, and technology faculty; and

• reforming the university’s general education requirements
to foster wider and deeper mathematics and science literacy
for all university graduates.

Evaluate Admissions Policies and Courses of Study
Engage with business and P-12 education leaders in evaluating
higher education’s admission procedures and courses of study by:

• providing prospective students with detailed information
regarding program admission standards and entry-level
course expectations;

• seeking the experience of the business community in the
review and restructuring of college programs to better
prepare students for challenges of the changing work-
place;

• providing cross-disciplinary mathematics and science
courses and approaches to instruction that provide students
with the integrated understanding of mathematics and
science necessary to succeed in cross-disciplinary work
environments; and 

• articulating the mathematics and science knowledge and
skills expected of high school graduates to begin non-
remedial, credit-level work.

Raise the Priority of Teacher Education
Raise the priority of developing highly qualified mathematics and
science teachers to a central role in the mission of institutions of
higher education by:

• requiring the collaboration of faculty from arts and sciences
and teacher education with experienced P-12 teachers on
all aspects of teacher preparation and professional develop-
ment courses and programs — design, implementation,
evaluation, and modification;

• adopting a mutually agreed upon set of stage-sequenced

learning outcomes for mathematics and science teacher
education students;

• recognizing and rewarding the teaching expertise of
subject-area faculty who succeed in delivering content that
is challenging, motivating, and relevant;

• supporting collaborative efforts between college faculty and
P-12 teachers to identify and disseminate innovative prac-
tices in P-16 mathematics and science education such as
“inquiry-based” approaches to teaching and learning;

• scheduling periodic reviews of the quality of teacher educa-
tion programs by both a broad-based faculty group and an
external commission;

• ensuring that all mathematics and science teacher educa-
tion courses address the acquisition of content knowledge
and the teaching skills required to teach to the new higher-
level P-12 mathematics and science curricula;

• allocating the financial, human, and material resources that
mathematics and science education programs require to
prepare the quantity and quality of teachers that schools
need — and, when necessary, reallocating limited resources
to give priority to the high-need teaching fields of mathe-
matics and science;

• producing not just majors in mathematics and science but
also graduates who are specialists in the teaching of
elementary or middle school mathematics or science; and

• undertaking an initiative to increase the number of doctor-
ates in mathematics and science education.
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THE PUBLIC’S ROLE IN SYSTEM CHANGE

An education system will not change for the better only because
abundant evidence points to its poor performance. No combina-
tion of scholarly analysis, public outcry, or issue-by-issue tinkering
with the system will produce significant and sustained improve-
ment in the mathematical and scientific education of all of its
students.

A system changes — improves — only as the result of informed
and concerted actions of people, including both those who are
responsible for developing and delivering the services of the
system and those for whom the system is designed to serve —
the students.

The BHEF believes that students — and their parents — must be
convinced that high levels of mathematics and science education
are not only accessible to all, but also that they are a requirement
for a very broad range of desirable careers. Also, the public has yet
to be convinced that mathematics and science are key to national
security, economic prosperity, and social stability.

A COORDINATED TWO-TIERED CAMPAIGN

The BHEF proposes a sustained, five-year public information
campaign to secure broad public commitment to strengthening the
mathematics and science education of all students. It should be
designed by public information professionals and be of the same quality as

that which altered the attitude and practices of the American public
with regard to highway littering, a campaign with an icon as powerful
as the anti-litter image of the weeping Native American.

The campaign must be a coordinated two-tiered effort that will
drive home a common set of core messages at both the national
and state levels. The national campaign — led by the business
community — must cultivate an understanding of why the goal of
ensuring that all students reach high standards in mathematics
and science is both a top public priority for the nation and a top
personal priority for students. State-level campaigns guided by P-
16 councils should be designed to leverage the national effort by
translating the broad national priorities expressed in the core
messages into state priorities.
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If successful, the coordinated campaigns will motivate all students
to take full advantage of what their education systems offers; will
prepare parents to assist their children in gaining full access to the
educational opportunities available; and will stimulate improved
performance in higher-level mathematics and science by all
students.

Therefore, the BHEF proposes that:

1. The business community should lead a sustained, profes-
sionally designed national public information campaign to
make mathematics and science education a public priority.
It should commit to a minimum of a five-year program to
help students and their parents to understand the nature
and value of the mathematics and science education now
being expected of all high school graduates. The program,
designed around a small set of core messages, should engage
all major media — newspapers, radio, and public and
commercial television — in a coordinated and long-term
campaign to “sell the product” through up-to-date informa-
tion about the increasing relevance of the two subjects in the
educational, economic, and civic life of all citizens.

The national campaign should serve as a model for state-
level campaigns and should offer planning advice to
designers of state-level campaigns. The business community
needs to take the lead in this work because business has the
required expertise. A business-led effort also would not be
labeled “self-serving,” whereas an education-led effort likely
would; and business can proceed free of regulations on
promotional activities that constrain education agencies.

2. State P-16 councils should initiate and guide statewide,
professionally designed information campaigns to make
mathematics and science education a public priority. A
five-year state public information campaign should
leverage the national model and tailor the national
campaign’s core messages to the state’s P-12 content stan-
dards, employment opportunities in the state, and entry-
level expectations of the state’s postsecondary institutions.
The campaign should document promising P-12 programs
of mathematics and science education in the state, exem-
plary school leadership in improving mathematics and
science education, and exemplary performances by students
and teachers.

The state campaign should go beyond simply making
students and parents aware of such issues as the adoption of

higher standards at various levels of education; the need for
academic planning beginning in the middle grades; proce-
dures and opportunities associated with going on to post-
secondary education; and the educational expectations of
employers. It should provide parents and students with
clear, specific, upon-request information on these issues.
The campaign should be linked to, and should serve the
advancement of, a state P-16 system of education.

TWO CAMPAIGNS: ONE SET OF

CORE MESSAGES

The idea of a national information campaign addressing the need
for improved mathematics and science education has been raised
by the DOE. A committee of volunteers working with the DOE
proposed that such a campaign must:

• make clear that the next generation needs greater knowl-
edge of mathematics and science than was required of
their parents;

• describe the benefits of mathematics- and science-oriented
careers and of the need to prepare for them throughout
school; and 

• develop a realization that U. S. competitiveness in the
global economy is dependent upon all students learning
more mathematics and science.199

The BHEF supports these messages and seeks to incorporate
them into its proposal for a national information campaign that is
augmented with state-level, state-specific information campaigns.

The campaigns should be designed and executed in collaboration
with the business community and professional organizations of
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mathematicians, scientists, and engineers. Businesses and govern-
ment agencies also should work with educators in developing the
messages, leveraging dissemination efforts, and coordinating the
development of programs and materials with state standards and
initiatives in mathematics and science.200

The national campaign should focus on a set of core messages to
students and parents. In addition, because the details of mathe-
matics and science education are determined by the states, state-
by-state counterparts must localize and support the core messages
of the national campaign.

SAMPLE CORE MESSAGES FOR A

PUBLIC INFORMATION CAMPAIGN

The following are offered as examples of potential core
messages. They require review and refinement by public infor-
mation specialists.

Core Message #1: America’s economic preeminence, national
security, and social stability are dependent on the mathematics
and science abilities of its citizens. Low mathematics and science
achievement of its students and decreases in its number of mathe-
matics, science, and engineering professionals threaten the
country’s economy, security, and social structure. However, by
raising the level of mathematics and science education of all
students, America has the capacity to generate new businesses, to
create new well-paying jobs, and to increase the pace of overall
economic growth.

• America has a proven track record of “meeting the chal-
lenge.” Americans’ sense of national pride, ambition, and
inspiration has been key to successfully meeting many
education and technological innovation challenges. Those
American characteristics fueled the prosperity boom that
followed World War II, delivered victory in the “space
race,” and created the Information Age. And in every
instance, America not only met the challenge, but also
gained academic and economic strength in the process.

• Mathematics and science education in the United
States must change. The education experienced by the
current generation of U.S. adults is not good enough
for its current generation of children. Their world of
work will require more, and different, kinds of skills
and knowledge.

• High-level mathematics and science knowledge and
skills are required for all postsecondary education and all
post-high school jobs.

• Mathematics and science are tickets to rewarding chal-
lenges, to a great career, and to a stable economic future.

• Low-skill (or no-skill) jobs are disappearing. Mathe-
matics, science, and technology know-how have replaced
hard work as the primary sources of workplace success.
Those who simply work harder will lose to those who
work smarter.

• Current workplace requirements of employees include
the acquisition of new mathematics, science, and tech-
nology skills. Workers must be able to apply the knowl-
edge they already have learned, and be prepared to learn
the mathematics, science, and technology they need as
the workplace changes.

• Entry-level achievement scores in mathematics and
science may be gatekeepers for advancement to higher-
level positions. In some work environments, entry-level
achievement scores are used to determine which
employees are provided training opportunities that open
the door to in-house advancement.

• Full participation in American democracy requires
increased mathematics and science knowledge. Civic
and personal decisions regarding health, the environ-
ment, bioethics, spending priorities, retirement planning,
etc., are demanding ever greater understanding of math-
ematics- and science-based issues.

Core Message #2: American students are competing globally for
jobs. To be competitive, all students must be: better prepared in
mathematics and science; held to the same high-level mathe-
matics and science standards; and given the same opportunities to
succeed in mathematics and science.

• All students can learn more and higher level mathe-
matics and science. All students must believe that they
can be successful in learning mathematics and science.
Students in other cultures believe it and are successful.

• Successfully completing a high-quality mathematics and
science course of study is worth every student’s efforts.
Mathematics and science courses require perseverance,
but the payoff is large. High-paying, interesting jobs are
available to those who make the commitment to
succeeding in mathematics and science.

• Students’ concern about low or failing grades, a concern
that often leads them to elect an academic program
devoid of high-quality mathematics and science, must be
replaced with an appreciation of the opportunities open
to those who complete a high-quality mathematics and
science curricula, and with a willingness to do the work
necessary to successfully master those curricula. Partic-
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ular efforts must be made to reach women and minorities
with this message and, thereby, to increase their partici-
pation in mathematics and science.

• It is a myth that mathematics and science are in a world
unto themselves — a different culture — and therefore
not accessible to everyone. This two-culture view must
be replaced with a view that mathematics and science are
within reach of all students.

• All students should complete high-quality curricula in
mathematics and science that start in elementary school
and continue through high school. All students should
have access to mathematics and science coursework that
will prepare them for successful postsecondary study in
higher education or the workplace. Failure to complete
high-quality curricula closes doors now and in the future.

• All educators must demand higher mathematics and
science achievement of all students. P-12 teachers,
counselors, administrators, and higher education faculty
and administrators must believe in and act on the idea
that all students can attain higher-level mathematics and
science achievement.

• Parents should insist that their child take mathematics
and science every year. Avoiding mathematics and
science classes closes the door to postsecondary educa-
tion and to interesting and well-paying jobs. Students
cannot wait until after they have entered college to take
mathematics and science courses needed to fulfill their
career aspirations. They must have a solid pre-college
foundation in these subjects to succeed in college-level
work or in the workplace.

• Parents should guard against transferring their negative
personal prejudices or feeling about mathematics and

science. Mathematics and science are subjects that can
be challenging, but responding by working hard makes
them doable. Parents should not provide, nor tolerate,
excuses for poor performance in mathematics and
science.

• A college education is accessible to all students.
Resources are available in locating and applying for
financial assistance.

• Teachers, counselors, and administrators must know
and provide information on the mathematics and
science requirements for postsecondary education and
employment. They share the responsibility of providing
parents and students with accurate information related to
what must be accomplished in middle school and high
school to prepare for postsecondary education and
employment.

• Students who are inadequately prepared in mathematics
and science have a high probability of dropping out of
college. They also face higher costs because of the extra
semesters needed to take remedial classes that don’t
“count” toward graduation requirements.

Core Message #3: Mathematics and science education for all
students requires an overhaul and alignment of the entire system
of education — content standards, curricula, student assessment,
teacher quality, and system accountability — from pre-kinder-
garten through higher education. Random “acts of intervention”
should be replaced with the implementation of a systemic plan of
action.

• A mismatch exists between high school exit require-
ments and college entrance and placement require-
ments. Students need to be aware of these expectations
gaps to ensure that their high school curricula prepare
them for successful, remediation-free entrance into
higher education.

• Collaboration is needed between higher education and
P-12. The two-way learning and mutual respect that
result from such collaboration benefits students
throughout the P-16 system.

• Teacher preparation must be at the center of the institu-
tional agendas of colleges and universities. The responsi-
bility for preparing future teachers of mathematics and
science must be shared across the campus and include
the departments of education, mathematics, and the
various sciences, as well as the college and university
administrators at the highest levels.

• Collaboration is needed between higher education and
the state’s teacher certification unit. Improvements in
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the teacher preparation programs of institutions of
higher education must be supported by the state’s
requirements for teacher certification.

• Students have a responsibility for their mathematics and
science education. The P-16 system is required to offer
every student the opportunities necessary to succeed.
The student is required to invest the energies necessary
to master high-quality curricula.

Core Message #4: Teachers are prime assets in the solution of the
P-12 mathematics and science education crisis and are not the
cause of the crisis.

• The work of teachers needs to be much better under-
stood. Teachers today are dealing with increased respon-
sibilities mandated by changes in society, in the
characteristics and needs of students, and in the expecta-
tions established for public education.

• The work of teachers needs to be publicly celebrated.
The negative attitude of society toward the profession
must be reversed. Recognition programs for outstanding
mathematics and science teachers, especially ones that
carry financial awards, should be supported by business
and higher education at the national, state, and local
levels. Leaders from other professions must speak to the
prestige of and respect for the teaching profession.

• Mathematics and science teachers must be adequately
compensated. America’s best and brightest will
respond more favorably to a career in teaching if it is
recognized as a respected and worthwhile profession.
Compensation is one measure of a career’s value.
Salaries commensurate with other mathematics- and
science-based professions must be promoted.

• The teacher shortage that threatens the nation’s capacity
to provide all students with a highly qualified teacher of
mathematics and science is growing. The recruitment,
preparation, retention, and professional development of
mathematics and science teachers must be priority
concerns for the government, business, higher education,
and the general public.

• Teachers need both instructional and professional
resources. Among the items that must be made available
for teachers to do their work are: laboratory equipment
and supplies; technology equipment; technology support
services; student materials; telephones; office space; and
Internet access.
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The BHEF commitment goes beyond words. During the next five
years, it is committed to measuring and communicating the plan’s
progress. While the BHEF must be prepared to commit energy
and resources to the essential agenda, it also must measure progress
and communicate it to the state leaders working on the agenda, to
the public, to the media, and to policy leaders at every level.

The BHEF will establish a program to promote, monitor, and report
the work of the states.The program will support efforts of state P-16
councils by gathering, organizing, and reporting data that will assist
the councils in their decision making. In collaboration with the
councils, and using data collected from them, it will track and report
nationwide progress in the implementation of the plan’s agenda.

Information collected and disseminated by the program might
include:

• mathematics and science achievement trends by grade level
to include NAEP and state data where available;

• updates on international comparisons in mathematics and
science education;

• syntheses of national reports and research on mathematics
and science standards and curriculum;

• course-taking trends;
• characteristics of and changes in assessment systems;
• descriptions of accountability systems;
• state-by-state information on the supply of and demand for

mathematics and science teachers;
• effective programs to attract and maintain talented people

into teaching mathematics and science;

• universities’ activities to make teacher education central to
the university;

• information on P-16 councils: leadership structure; focus of
their programmatic work; accomplishments; future plans;
and needs;

• policy actions at the state and national levels that affect
mathematics and science education;

• summaries of information related to the implementation of
NCLB; and 

• national media campaign information transmitted to the
states to assist in state-level media campaigns.

SUPPORTING AND TRACKING

IMPLEMENTATION OF THE PLAN
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