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Founded in 1908, the National Governors Association (NGA) is the collective voice of the nation’s governors and one

of Washington, D.C.’s most respected public policy organizations. Its members are the governors of the 50 states, three
territories and two commonwealths.NGA provides governors and their senior staff members with services that range from
representing states on Capitol Hill and before the Administration on key federal issues to developing and implementing
innovative solutions to public policy challenges through the NGA Center for Best Practices. For more information, visit

WWW.Nga.org.
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Foreword

The National Governors Association’s Innovation America initiative focuses on strengthening our competitive position in the
global economy by improving our capacity to innovate. The goal is to give governors the tools they need to encourage
entrepreneurship,improve math and science education,better align post-secondary education systems with local economic

growth,and develop regional innovation strategies.

To guide the Innovation America initiative, we have assembled a bipartisan task force of governors and members of the
academic and business communities.Working with the NGA Center for Best Practices, the task force is developing innova
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academic and business communities.Working with the NGA Center for Best Practices, the task force is developing innova
tion-based education and economic strategies. Through a variety of forums and publications we will collect and share best
practice information to ensure every state — and the nation — is equipped to excel in the global economy.

Governor Janet Napolitano,Arizona Governor Tim Pawlenty,Minnesota
Co-Chair,Innovation America Task Force Co-Chair,Innovation America Task Force

Innovation America Task Force

Governors: Business and Academic Leaders:

Gov.Janet Napolitano,Arizona — Co-Chair Dr.Craig R.Barrett,Chairman of the Board,Intel Corporation
Gov.Tim Pawlenty,Minnesota — Co-Chair Dr.G.Wayne Clough,President,Georgia Institute of Technology
Gov.Kathleen Sebelius,Kansas Dr.Michael M.Crow,President,Arizona State University

Gov.Matt Blunt,Missouri Jamie Dimon,CEO,JPMorganChase

Gov.Edward G.Rendell,Pennsylvania Charles O.Holliday,Jr.,Chairman and CEO,DuPont

Gov.Jon Huntsman,Jr.,Utah Dr.Shirley Ann Jackson,President,Rensselaer Polytechnic Institute

Dr.Judith A.Ramaley,President,Winona State University
Dr.Mary Spangler,Chancellor,Oakland Community College
John Thompson,Chairman of the Board and CEO,Symantec
Kevin Turner,COO,Microsoft

Margaret C.Whitman,President and CEO,eBay
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Executive Summary

In the new global economy, states need a workforce with the
knowledge and skills to compete. A new workforce of problem
solvers, innovators, and inventors who are self-reliant and able to
think logically is one of the critical foundations that drive innova-
tive capacity in a state. A key to developing these skills is strength-
ening science, technology, engineering, and math (STEM) compe-
tencies in every K-12 student.

Results from the 2003 Third International Mathematics and
Science Study *, which measures how well students acquired the
mathematics and science knowledge they have encountered in
school, show that U.S. eighth and 12th graders do not do well by
international standards. Further, our own National Assessment of
Education Progress confirms persistent math and science achieve-
ment gaps between students relative to their race/ethnicity, gender,
and socioeconomic status.

Three key issues have been identified as obstacles to having a
world-class STEM education system:

On a variety of STEM indicators it is clear that too many of our
high school graduates are not prepared for postsecondary educa-
tion and work. A recent study by ACT, Inc. has demonstrated that

regardless of a student’s postsecondary pathway, high school gradu-

ates need to be educated to a comparable level of readiness in read-
ing and math proficiencies. Nearly three out of 10 first-year college
students are placed immediately into remedial courses. In the
workforce, employers report common applicant deficiencies in
math, computer, and problem solving skills. A wide variety of
studies and indicators have demonstrated that our education sys-
tem continues to fail to prepare many students for the knowledge
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students in STEM classes experience a lower numbel
qualified teachers during the course of their studies. ¢
increasing the number of STEM teachers through fin,
tives and other recruitment strategies will not solve tt
States must also support high quality preparation and
development for teachers that lead to improvements |

bers of classrooms.

Governors are playing a lead role in restoring the val
American high school diploma. Specific to STEM, st
increasing high school graduation requirements in mz
ence, strengthening math and science course rigor thi
sion of Advanced Placement programs and alignmen
assessments and coursework, and building aligned K
tems that can track student progress from K

ondary system.

A state with an effective STEM policy agenda uses it
academic content standards; require state assessment
graduation requirements, and content-rich teacher pre
certification standards; and develop new models to st
effective K-12 STEM classroom.

Governors should lead efforts in their states to:

1. Align state K-12 STEM standards and asses:
postsecondary and workforce expectations ft
school graduates know and can do.

» States should focus on aligning standards and
with international benchmarks through state I

tion in international assessments.
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tem continues to fail to prepare many students for the knowledge
based economy.

The second obstacle is the misalignment of STEM coursework.
Currently, there is a lack of alignment between K-12 postsec-
ondary skills and work expectations; between elementary, middle,
and high school requirements within the K-12 system; and
between state standards and assessments and those of our interna-
tional competitors. This misalignment has resulted in a system in
which students participate in incoherent and irrelevant course work
that does not prepare them for higher education or the workforce.

Finally, the STEM teaching workforce is under-qualified in large
part because of teacher shortages caused by attrition, migration,
and retirement. This shortage has led to what has been called a
“revolving door” of STEM educators. Many of those who are
teaching STEM classes are unprepared and/or teaching out of their
subject area; thus,
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» States should align K-12 STEM expectations
secondary pathways.

» States should align STEM expectations betwe:
middle, and high school levels to create a coh
system.

. Examine and increase the state

improve teaching and learning.

» States should use a process of international be
evaluate current capacity.

» States should support the continued developm
data systems to track the STEM preparation o

» States should develop a communication strate
the public in the urgency of improving STEM

Building a Science, Technology,Engineering and Math Agenda

» States should develop or charge their P-16 councils to lead
the alignment of STEM expectations throughout the educa-
tion system and the workplace.

» States should support promising new models of recruiting,
preparing, certifying, compensating, and evaluating teachers
in STEM content areas.

» States should support extra learning opportunities to sup-
port STEM teaching and learning in the schools.

Page 8

3. Identify best practices in STEM education and
to scale.

» States should create and expand the availabilit
ized STEM schools.

» States should develop standards and assessme!
ogy and engineering as well as math and scier

» States should support the development of high
STEM curricula for voluntary use by districts

» States should develop standards for rigorous a
CTE programs that prepare students for STEN
occupations.
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1.1 ntrOd u Ctl on perhaps most importantly, find “measured yet creativ

) ) problems which are today unimaginable.
The global economy has “flattened” the world in terms of skills

and technology. A new workforce of problem-solvers, innovators, Building a Science, Technology, Engineering and Mé

and inventors who are self-reliant and able to think logically is one ommends that governors adopt policy tools in three a
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and inventors who are self-reliant and able to think logically is one
of the critical foundations that drive innovative capacity in a state.
The K-12 (kindergarten through grade 12) education system, with
the support of postsecondary education, the business sector, foun-
dations, and government, must ensure that 1) all students graduate
from high school with STEM competencies to become this work-
force; and 2) a greater number of students graduate from high
school as potential professionals in STEM fields.

Nobel Laureate Physicist and founder of the Illinois Math and
Science Academy, Leon Lederman defines “STEM literacy” in a
knowledge-based economy as the ability to adapt to and accept
changes driven by new technology work with others (often across
borders), to anticipate the multilevel impacts of their actions, com-
municate complex ideas effectively to a variety of audiences, and

2
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ommends that governors adopt policy tools in three a
a comprehensive STEM policy agenda:

« aligning rigorous and relevant K-12 STEM educ
ments to the expectations (inputs) of postsecond:
and the workplace

« developing statewide capacity for improved K
teaching and learning to implement that aligned
cation and work system

* supporting new models that focus on rigor AND
ensure that every student is STEM literate upon
from high school and a greater number of studer
postsecondary education and training in STEM ¢
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2.Why K-12 STEM Matters

America’s economic growth in the 21st century will be driven by
our nation’s ability to generate ideas and translate them into inno-
vative products and services. A strong consensus is emerging
among scientific, business, and education leaders that America’s
ability to innovate and compete in the global marketplace is direct-
ly tied to the ability of our public schools to adequately prepare all
of our children in STEM. *

The saturation of technology in most fields means that all students
— not just those who plan to pursue a STEM profession — will
require a solid foundation in STEM to be productive members of
the workforce. When employers were asked to identify job appli-
cants’ common deficiencies, most industries reported a lack of
mathematics, computer, and problem-solving skills.
States is also rapidly losing its competitive edge within the STEM
fields as our students fail to keep up with their international peers.

State education systems must change their approach to STEM
education to respond to this new world. Over time, American edu-
cation reforms in these areas have swung back and forth between
two goals. ° At times, we have focused more on increasing basic
math and science competencies in the general public through more
rigorous requirements at the high school level with the hope of
increasing general education attainment levels. In other periods, we
have focused on creating scientists and engineers as an elite work-
force. These shifting approaches were sufficient for much of the
20th century in a less than “flat” world where a high school educa-
tion or less was sufficient for most good-paying jobs. For decades,
the United States has been a beacon for STEM talent from around
the globe.

°* The United

Page 10

Now, though, other nations are moving forward as th
States stands still. The Global Competitiveness Repol
the World Economic Forum in its rating of national c
ness, dropped the United States from first to sixth pos
ing Switzerland, Finland, Sweden, Denmark, and Sin

The change in the U.S. position was based on the Wc
Economic Forum’s assessment of the United States
all the diverse steps of the innovative process. Thus,
the United States was ranked either first or second in
market efficiency and technological innovation, but i
27th in the quality of its public institutions (behind C
barely ahead of Portugal) and 40th in the areas of edt
health (just behind Bosnia and Bulgaria and just ahea
Malaysia, and Estonia). The World Economic Forum
that Switzerland, Finland, and Sweden have been boc
notch education systems and because they focus on te
and innovation.

A student graduating from high school in the United

has many different life options from which to choose
workforce, entering the military, entering a two

or technical college, and entering a four

today also may choose among any of several pathwa
force. Some pathways include the aforementioned op
shown by increasing numbers of students who are ree
lege at a later point in their life. Understanding that t!
many different pathways to the workforce demonstra
dent’s high school diploma must include STEM com
as not to close them off from any of these options eitl
high school or later in life.
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3.Where Do We Stand?

Andreas Schleicher of the Organization for Economic
Development (OECD) summarized the importance of educational
attainment and achievement to a country’s well being:

Individuals and countries that invest heavily in education ben-
efit economically and socially from that choice. Skills are now
a major factor driving economic growth and broader social
outcomes, both in the world’s most advanced economies and
in those experiencing rapid development. The long-term effect
of one additional year of education on economic output in

the OECD area ranges between 3 percent and 6 percent...
Together, skills and technology have flattened the world, such
that all work that can be digitized, automatized, and out-
sourced can now be done by the most effective and competi-
tive individuals or enterprises, wherever on the globe they are
located. °

America’s public schools face challenges and opportunities in this
new world given the increased demands on our education system
to support a knowledge-based economy.
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Lagging Educational Attainment of
Younger U.S.Population Internationally

After World War 11, the United States gained a “first-mover advan-
tage” in educational attainment by massively increasing education-
al enrollments at the elementary, secondary, and postsecondary lev-
els. Consequently, for most of the 20th century, the United States
had the most educated workforce and populace in the world.

That advantage is now eroding as other nations catch up.

Although the United States still ranks among the top-performing
nations in the world in the percentage of older adults (ages 35 to
64) with a postsecondary associate’s degree or higher, it has slipped
down the list on that indicator as well as the percentage of adults
with a high school diploma or equivalent. The United States now
ranks seventh in the educational attainment (associate’s degree or
higher) of younger adults (ages 25 to 34). In other countries, the
younger generation is attaining a higher level of education than the
prior generation, but that is not the case in the United States.

Page 12
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Lagging K-12 STEM Achievement of U.S.
Students Internationally

The Trends International Mathematics and Science Study
(TIMSS) measures how well students have acquired the mathemat-
ics and science knowledge that they have encountered in school. In
TIMSS 2003 *, U.S. eighth and 12th graders did not do well by
international standards, ranking below average in both grades.
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international standards, ranking below average in both grades.
When one includes the fourth grade TIMSS 2003 results, where
U.S. students were above average, one finds a pattern of a steady
decline in the our international ranking from fourth to 12th grade.

The OECD’s Program for International Student Assessment
(PISA) is an internationally standardized assessment of mathemat-
ics and reading literacy administered to 15-year-olds in schools in
participating countries. * PISA takes a broader approach than
TIMSS by assessing the ability of students to apply their knowl-
edge and skills to real-world problems.

PISA was last taken by 15-year-olds in the United States in 2003.
In mathematics literacy and problem-solving, U.S. students had an
average score higher than just five countries out of the 30 OECD
nations whose students participated in PISA. More than one-quar-
ter of American 15-year-olds failed to demonstrate that they have
acquired the most basic mathematical skills (to use direct mathe-
matical inference, use a single representation to help explore and
understand a problem; use basic algorithms, formulas, and proce-
dures; make literal interpretations; and apply direct reasoning).
Only 2 percent of American 15-year-olds performed at the highest
level of mathematics, demonstrating high-level thinking, reason-
ing, problem-solving, and communication skills. On average,
across OECD countries, the share of top performers was twice as
large; in Belgium, Japan, and South Korea, the share of top per-

formers was four times as large.

A significant percentage of U.S. students are not doing well on our
own assessments. Only a third of American eighth graders can read
on grade level on the National Assessment of Educational Progress
(NAEP) exam, which is highly predictive of their future math and
science performance.
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Persistent STEM Achievement Ge
Race,Gender,and Socioeconomic ¢

On the 2003 PISA math assessment, the quartile of A
year-olds with the lowest socioeconomic status was &
times more likely to be among the bottom quarter of
than the quarter of most privileged students.

assessments of student achievement based on U.S. sc
in mathematics and science, achievement gaps betwe
students based on race/ethnicity, gender, and socioec
continued in both subjects and at most grade levels. E
Hispanic students were significantly more likely than
dents to score below basic on math and science at all

Projected demographic shifts have the potential to m:
U.S. problem if STEM achievement gaps are not rect
U.S. domestic college population stabilizes at about :
dents from 2010 to 2025, population groups currently
sented in STEM fields will attend college in growing
the achievement gap persists, increasing numbers of
unprepared to succeed in college and in STEM degre!
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4. \Where Do We Want To Go?

We in the United States now live in a world where individual
states, as well as the nation, increasingly must generate their own
human capital with the STEM literacies that will allow them to
succeed in the knowledge-based work place and community.
STEM literacy refers to an individual’s ability to apply his or her
understanding of how the world works within and across four
interrelated domains.

« Scientific literacy is the ability to use scientific knowledge (in
physics, chemistry, biological sciences, and earth/space sci-
ences) and processes to understand the natural world but to
participate in decisions that affect it (in three main areas —
science in life and health, science in Earth and environment,

16

and science in technology).

Technological literacy in the modern world means the ability to
use, manage, understand, and assess technology. Students
should know how to use new technologies, understand how
new technologies are developed, and have skills to analyze how
new technologies affect us, our nation, and the world.
Technology is the innovation, change, or modification of the
natural environment to satisfy perceived human needs and
wants. ”

Engineering literacy is the understanding of how technologies
are developed via the engineering design process; lessons are
project-based and integrate multiple subjects, making difficult
concepts relevant and tangible to students and tapping into
students’ natural interest in problem-solving. Engineering
design is the systematic and creative application of scientific
and mathematic principles to practical ends such as the design,
manufacture, and operation of efficient and economical struc-

tures, machines, processes, and systems.
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» Mathematical literacy means the ability of studer
reason, and communicate ideas effectively as the
late, solve, and interpret solutions to mathematic

19

in a variety of situations.

STEM literacy is a interdisciplinary area of study tha
four areas of science, technology, engineering, and rr
STEM literacy does not simply mean achieving litere
four strands or silos. Consequently, a STEM classroc
dents away from learning discrete bits and pieces of |
and rote procedures and toward having investigating
ing the interrelated facets of the world.

One hallmark of a STEM classroom is an emphasis o
problem-solving in “intellectually messy

weave together the disciplines through topics such as
ogy, biomedical engineering, and astrobiology. Thus
a STEM classroom might pose a problem and then re
dents to do original research inspired by a classwide
ect, where they must use technology to gather and an
design, test, and improve upon a proposed solution,
communicate their findings to their peers in another
STEM student might spend after-school time, mentor
engineer, building a robot that can walk up stairs.

A state with an effective STEM policy agenda uses it
academic content standards, required state assessmer
school graduation requirements, and content

tion and certification standards, and to develop new r
support an effective K-12 STEM classroom. Govern
bully pulpit, convening authority, and the funding le\
create an aligned and rigorous STEM education syste
important for governors to use these tools to lead thei
adopt a STEM education agenda that supports their s
nomic future.
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5.Underlying Obstacles

Lack of K-12 STEM Preparation for
Postsecondary Pathways

On a variety of STEM indicators, it is clear that too many
American high school graduates are inadequately prepared for
postsecondary education and work. A recent study of factors in
postsecondary degree completion by the U.S. Department of
Education found that taking college-level math as early as possible
improved a student’s chances of graduating from college with a

degree. ” Yet nearly three out of 10 first-year college students in the

United States are placed immediately into a remedial course.
Fourteen states still allow students to graduate from high school
with two or fewer math units and 20 states allow students to grad-
uate with two or fewer science units. The community college sys-
tem alone spends an estimated $1.4 billion annually on remedia-

2

tion in math for inadequately prepared freshmen.

ACT, Inc., which administers the American College Test (ACT),
has found a connection between a rigorous high school curriculum
and students’ success on college-entrance exams. One study found
that taking upper-level math courses improves the achievement of
all students on the math portion of the test, regardless of the stu-

dent’s gender, family income, or racial/ethnic background.
Although a greater percentage of ACT test-takers met the college-
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concluded that higher-order, complex communicatiol
thinking skills are now more important and more in ¢
routine cognitive/manual and nonroutine manual skil

Outdated Notions of Core Currict
Less Than Rigorous Standards

The existing core curriculum, which is divided into s
focuses on traditional math and science, is often criti
irrelevant and boring to today’s students.

interest levels of American students, especially girls,
begin to drop around middle school. As factors in tur
numbers of students to STEM disciplines and profess
researchers point to the artificial separation in the cur
natural phenomenon into subjects, the focus on natur:
and lack of attention to the human-made world of enc
and technology, and the disconnect of coursework frc
students. Students and teachers hold the misconceptic
nology and engineering do not include assistive and i
acteristics that appeal to women and minorities.

In response to poor U.S. scores on international asses
National Science Board has recommended that staket
together to develop nationwide core competencies in
science. ” Established competencies could help to ste
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Although a greater percentage of ACT test-takers met the college-
readiness benchmark on the math and science assessments in 2006
than in 2005, a majority of the test-takers still lacked college-ready
skills and are likely to struggle in first-year college math and sci-
ence Courses.

Recent ACT data also suggest that far too few students in the
United States are taking sufficiently challenging courses. ® The
ACT-recommended core curriculum in high school consists of
four years of English and three years each of math (algebra and
higher), science, and social studies. Students who reported taking
this core curriculum earned an average composite ACT score of
22.0; students who took less than this core curriculum, on the
other hand, earned an average ACT score more than two points
lower — just 19.7. Of all 2006 ACT -tested high school graduates,
54 percent reported taking the ACT-recommended core curricu-
lum; 34 percent reported taking less than the recommended core;
and 12 percent did not provide information about the courses they
took. *

ACT, Inc., has found that high school graduates need to be edu-
cated to a comparable level of readiness in reading and math profi-
ciencies whether they plan to enter postsecondary education or
workforce training programs. A recent study by Richard Murnane
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instruction across the nation and align states and loca
international best practices of standardizing competer
courses.

In contrast to their school lives, STEM plays an incre
important role in the lives of American students outsi
through the use of everyday technologies such as cell
computers and an the explosion of STEM

grams and Web sites.

Since the 1930s, U.S. educators, policymakers, and re¢
have worked to better align the study of STEM with t
of students; however, the gap between interest and th
experience continues to widen. ™ This gap has ser
not only for maintaining a STEM-literate population

keeping students interested in STEM professions.

Under the No Child Left Behind Act of 2002, a state
standards have greater weight than ever before, but ir
reviews of state standards in math and science show
lack of urgency for improvement. A 2005 report for t
Institute by a panel of scientists gave grades of

ly half the states for their statewide academic standar
science. * The Fordham report came as states face th

Left Behind mandate to have science standards in place by 2006
and to test in this critical subject beginning in 2007. A similar
2005 Fordham study on math standards gave states an average
grade of “high D” — and just six states earn “honors” grades of A
or B, three of each.

Studies of results from TIMSS 2003 suggest that the top-achieving
countries have coherent, focused, and demanding mathematics
curricula, whereas the U.S. curriculum is often characterized as “a
mile wide and an inch deep”.  * In the top-performing countries,
the number of topics that children are expected to learn at a given

grade level is relatively small, permitting a thorough and deep cov-
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STEM teachers through high-quality preparation, sug
professional development for teachers in a way that i

situation in large numbers of classrooms.

Although there are no concrete numbers on teacher re¢
STEM fields, there is consensus that it is lower than |
jects.” Teachers with STEM content knowledge and/
are often drawn to high salaries and careers in the pri
Differences in the retention of teachers by high

schools vs. suburban schools further exacerbate the p

According to the 2003 National Center for Education
(NCES), 40 percent of U.S. middle-school physical s
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erage of each topic. In the United States, math topics often appear
somewhat haphazardly throughout the grades — for example, rela-
tively advanced mathematics are sometimes introduced in the earli-
est grades before students have had an opportunity to master basic

£

concepts and computational skills.

Underqualified STEM Teaching Force

A shortage of STEM teachers in the United States has been direct-
ly linked to the low quality of STEM education in this country.
The United States faces a critical shortage of highly qualified math
and science teachers — projected to reach 283,000 by 2015. ® The
shortage of technology educators is even more severe, and quality
requirements for such educators are minimal. The shortages of

STEM teachers is particularly pronounced in low-income, urban

school districts in the United States.

The STEM teaching workforce in the United States is changing.
The attrition, migration, and retirement of STEM teachers is lead-
ing to what has been called a “revolving door” of educators. .
Simply increasing the number of STEM teachers through financial
incentives and other recruitment strategies will not solve the prob-

lem. States must address the systemic reasons for the attrition of
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(NCES), 40 percent of U.S. middle-school physical s
ers teach subjects out of their field, 30 percent of mic
biology teachers teach out of their field, and 20 perce
school math teachers teach out of their field.

U.S. high school teachers who teach out of their field
between 8 percent and 15 percent. TIMSS 1999 foun
grade American math and science teachers were less

cialize (i.e., have either an undergraduate major or m:
in their STEM subject areas than their counterparts ir
tries.“ A recent study found that only one

eighth grade out-of-field math teachers felt, by their
ment, well prepared to teach a basic set of arithmetic

A recent study by the Illinois Education Research Co
ined the lack of effect between the establishment of il
standards and student achievement.

increase in student enrollment in more advanced mat|
undermined by under qualified teachers. High standa
coupled with capacity-building policies to increase st
achievement.

Building a Science, Technology,Engineering and Math Agenda
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6.Strategies for Improvement

Redesigning a state’s STEM education system may require
increased centralization of authority to the state while allowing
appropriate local control by school districts. This approach has
been used by nine of the states in the NGA High School Honor
States program, which have revised and raised statewide academic
standards, and the eight states that now require all students to
complete a rigorous college preparatory curriculum for graduation,
including in STEM areas. Centralized high school reform efforts
in such states focus on aligning standards, curricula, and college
expectations; creating longitudinal data systems; raising high
school graduation requirements; and expanding students’ access to
postsecondary opportunities.

Recently, governors have taken impressive steps to improve the
K-12 education systems in their states, with initiatives ranging
from early childhood education to high school reform. Governors
are playing a leading role in increasing high school graduation
requirements in math and science, strengthening course rigor by
expanding AP courses and exams and aligning ACT Assessments
and coursework, building aligned K-16 (kindergarten through
grade 16) data systems, and defining and beginning to implement
comparable measures of high school graduation rates.

It is important for governors to use their bully pulpit, convening
authority, and funding levers to lead their states to adopt a STEM
education agenda that supports their state’s economic future.
Governors should lead efforts in their states to align STEM educa-
tion outputs and expectations within different levels of their state’s
education system, develop statewide capacity in quality STEM
teaching, data systems, and curricular supports; and look for best
practice models around the country and around the world.

Three specific recommendations to governors for building a
STEM education agenda are presented below.

RECOMMENDATION #1:Align state K-12 STEM
standards and assessments with postsecondary and
workforce expectations

The United States is falling behind other countries in graduating

all students from high school with STEM competencies that
ensure that the students are prepared for postsecondary education
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misalignment challenges, it is recommended that stat
the three policy strategies discussed below.

STRATEGY #1: Align state STEM standz
ments to international benchmarks through state
pation in the Program for International Student A
(PISA) and/or The Trends in International Math

Study (TIMSS)

TIMSS and PISA are two international assessments c
on assessing students’ math and science achievement
number of countries, as well as states and individual
tricts, have chosen to participate in such assessments
used the assessments to improve elements of their ed
tems through evaluation, sharing of best practices, an
building. Correlations have been made between a nat
on the international assessments and its ability to con

43

global innovation economy.

All U.S. states and districts were invited to participat
TIMSS 1995 International Benchmarks of Mathemat
Science Achievements: Profiles of World Class Perfc
Fourth and Eighth Grades. Five states and one consol
schools participated. The participating consortium
the World Consortium (FiwW) — is a collection of sct
located north of Chicago plus the Illinois

Academy, a residential school and professional devel
center. “ These schools formed FiW to pursue the go
first in the world in math and science. After their sco
TIMSS showed that they were indeed near the top of
the FIW used the data from the study to analyze their
weaknesses and strengths, then used the results to de
policies and programs to address the identified weaki

PISA evaluates 15-year-old students in a number of (
tries to assess the math and science literacy
education system — or what skills and competencies
acquired and can apply to real-world contexts at that
should consider benchmarking the elements of their
tion systems to those of PISA and top-

align the “yield” of their system with the needs of a i
economy for a STEM literate citizenry.
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10

ensure that the students are prepared for postsecondary education
and the workforce. A key reason is misalignment in STEM areas in
many states; between K-12 outputs and postsecondary and work
expectations; between elementary, middle, and high school levels
within the K-12 system; and between states’ standards and assess-
ments and those of our international competitors. To address these
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economy for a STEM literate citizenry.

Finland, the top achiever in PISA 2000, creates natio
provides support, and monitors schools but leaves it
to determine how they will meet the targets. In additi
has placed teacher professionalism at the center of its
efforts, with a focus on highly competitive entry into

high standards for all teachers, and an emphasis on innovation in
teachers’ professional practice. To date, the reactions to PISA
results by participating OECD countries have varied consider-
ably.” Germany, a relatively poor performer, has commissioned a
multilateral study group to study its results; Denmark initiated a
review of its education policies in relation to the educational poli-
cies of Finland. Mexico has established a new external educational
evaluation institute that reviews its Department of Public
Education, and Canada uses PISA to monitor both individual
schools and its national system as a whole.

STRATEGY #2: Align K-12 STEM expectations with
readiness for all postsecondary pathways to the knowledge-

based economy

To implement this strategy, states should do several things. First,
they should develop statewide rigorous standards for STEM disci-
plines that signal for K-12 and postsecondary education systems
what it means for students to be ready for success in postsecondary
pathways into the knowledge economy. Twenty nine states have
joined Achieve’s America Diploma Project (ADP) which is dedicat-
ed to making sure every high school graduate is prepared for col-
lege or work. In 2003, 13 of those states participated in Achieve’s
Alignment Institutes that provided tools, training, and technical
assistance to help states align high school standards with the
demands of college and work. This year, Achieve plans another
round of alignment institutes with 4-6 additional ADP states
focused around the same core set of activities.
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achievement across states. Over time, the goal is for i
higher education to use the end-of-course Algebra 11
placement instrument, streamlining the connection be
and postsecondary education and reducing the numbe
ments students take overall. These nine states will be
on aligned instructional systems to support this effort
Maine recently made national headlines when Gover
Baldacci enacted a moratorium on all localized asses!
and adopted the College Board’s Scholastic Achievel
(SAT) as both Maine’s 11th grade No Child Left Bel
ment tool and college-readiness measure. To prepare
all 10th graders were administered the Preliminary S
Achievement Test (PSAT) at state expense, and addi
tion courses were offered virtually.

Third, states need to require a college preparatory cul
with a strong STEM component, as the default for all
dents. At this time only 12 states (Arkansas, Delawar
Kentucky, Michigan, Minnesota, Mississippi, New Y
Oklahoma, South Dakota, and Texas) have aligned tt
school graduation requirements with college and wor
tations, according to a 2006 study by Achieve, Inc.

requires all of its students to complete a rigorous, col
tory curriculum called Smart Core. This curriculum i
years of math (including algebra I, geometry, and alg
three years of science. Arkansas uses the bulk of the
School Honor States grant to build upon this foundat
its standards to college and workplace expectations a
end-of-course assessments to ensure course rigor. Th
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Maine’s Secondary Education Task Force recommended that the
state legislature establish a core curriculum, increase high school
graduation requirements, and revise the assessment system. The
core curriculum is aligned to the University of Maine’s statement
on college readiness, which requires each graduate to have success-
fully completed four years of math (including Algebra 1) and

three years of laboratory science.

Second, states need to support the STEM-readiness standards for
postsecondary success by including those readiness standards in
state-required tests for graduation and public school accountability.
A number of states are moving toward state-developed end-of-
course tests in 11th grade Algebra Il through which those stan-
dards can be more easily measured. For example, nine states
(Arkansas, Indiana, Kentucky, Maryland, Massachusetts, New
Jersey, Ohio, Pennsylvania, and Rhode Island) are collaborating
with Achieve to develop a common end-of-course Algebra 11 test
that can be used to track progress on shared goals and compare
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ticularly eager to reduce the 10 percent of students th
the Smart Core curriculum. Delaware

curriculum from which districts can opt out only by c
ing the curriculum they offer is equally rigorous.
requirement that students have four years of science {
biology, chemistry, physics, and one elective, includi
ing) for high school graduation.

Fourth, governors should consider supporting efforts
underway to align the basic elements of all college
(e.g., AP, ACT, SAT). Governors should carefully e\
advantages and disadvantages of choosing different r
ments for their particular state to ensure that the knov
skills being assessed are in alignment with expectatic
state’s postsecondary system and private sector.
recently created the Michigan Merit Exam, which cor
ACT college-readiness exams, WorkKeys, and a seri
developed by the state in collaboration with the state

Building a Science, Technology,Engineering and Math Agenda

STRATEGY #3: Align STEM expectations between ele-

mentary, middle, and high school levels to help create a coher-
ent K-12 STEM system

Experts agree that we must start in elementary school to capture
and maintain student interest in STEM fields throughout middle
and high school. “ The Engineering Is Elementary: Engineering
and Technology Lessons for Children curriculum, developed by
the National Center for Technological Literacy (NCTL) at the
Museum of Science in Boston, Massachusetts, has shown signifi-
cant improvement in understanding of technology and engineering
and has tremendous appeal among girls, English language learners,

49

and minority students.

First, states should expand access for K-12 students to high-quali-
ty preparation programs like the International Baccalaureate

Page 18

those needs to focus the STEM education system on
tant areas of demand.

RECOMMENDATION #2:

the state’s capacity to implement a rigorou:
STEM education system statewide to imprt
teaching and learning

While improving the rigor, relevance, and alignment
education, states should also examine and increase th
their education systems to graduate all students from
with STEM competencies. Key challenges in capacit:
lack of statewide data systems to show strengths and
lack of public and political consensus on the urgency
the system; the capability of the teaching force to eff
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ty preparation programs like the International Baccalaureate
Diploma Program and the College Board’s AP Programs that view
alignment as a key factor in preparing students for success at the
higher levels of their programs. The College Board produces a
series of guides for pre-AP coursework that focus on vertical align-
ment and will release their newly revised AP science courses and
tests over the next five years. A state could benchmark its pre-AP
coursework to the content and skill expectations laid out in the
guides. Several states are working with ACT, Inc., on aligning their
curricula to prepare students for those college-readiness assess-
ments in math, science, and other areas.

Second, states should examine how their state and local standards
work in concert to achieve excellence. New York State’s high
school standards and graduation requirements are governed by the
New York State Regents exams. The state sets the content and skill
standards, and achievement is measured by subject-area exams.
Some state-created regional entities have combined their manage-
ment and resources to create region-wide pre-Regents STEM cur-
ricula so that all students within the collaboration receive the same
aligned instruction.

Third, states should establish public-private partnerships to sup-
port K-12 alignment of STEM expectations. Delaware has been a
leader in aligning the state’s K-12 science standards, curricula, and
assessments. In the early 1990s, then-Governor Mike Castle helped
create the Delaware Science Coalition. This coalition, made up of
the state, school districts, and the Delaware Foundation for Math
and Science (a group of local businesses who fund the work),
maintains a focus on long-term science education reform, intense
professional development, and innovative curriculum development
with rigorous pilot studies. In 1997, Maryland created an intera-
gency task force that examined the human capital needs of high
growth regional industries. The task force then backward mapped
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the system; the capability of the teaching force to eff
a high-quality STEM education; a disconnect betwee
and out-of-school STEM education; and a lack of hig
state-level support entities to support the local work |
STEM areas. To address these capacity challenges, g
should consider the seven policy strategies discussed

STRATEGY #1: Evaluate the current cap

for effective STEM teaching and learning at the K

that is preparing all students for postsecondary ps

To implement this strategy, governors should first su
state’s participation in international STEM assessmel
the state’s capacity and to spur change.

Illinois was among five states to participate in the Tl
International Benchmarks of Mathematics and Scien
Achievements: Profiles of World Class Performance
Eighth Grades, as well as in the TIMSS 1999 study. (
of the results of the TIMSS 1999 study, Illinois comr
report on its math and science education system that |
Illinois to the other participating states and nations.

driven report detailed specific strengths and weaknes
system and was then used to create specific state poli

Second, governors should develop comprehensive co
plans to evaluate the state’s capacity for improved ST
the visibility of STEM education within the commun
for new approaches to STEM education. State P
grade 16) Councils, with K-12, postsecondary, and b
involvement, can be a key vehicle for this effort.

In July of 2005, a P-20 Council was established in
the leadership of Governor Janet Napolitano. In Febri

TIMSS 1999 results for Illinois demonstrated that, in general,
math teachers in the state were expected to cover more topics in
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The Maine Readiness Campaign continues to move 1
sively with its three-pronged approach of media advo
nity engagement, and policy support. Its central mess
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less breadth than their international counterparts. The report
recommended that a new curriculum add depth during the

early grades by devoting more time to whole numbers, measure-
ment, and estimating.

In response, the Illinois Business Roundtable funded the P-20
Commission at Northern Illinois University to produce a report
on the status of STEM Education in Illinois. The Illinois

STEM Education Report was issued in June of 2006 and became
a major part of the Keeping Illinois Competitive initiative’s
linking STEM education and the state’s ability to compete in
the global innovative economy. The initiative lays out five
major elements of increasing economic competitiveness and
provides specific economic development, K-12 STEM educa-
tion, and postsecondary objectives.

Governor Napolitano and the Council were presented with the
report “From Education to Work: Is Arizona Prepared?” The report
examines the expectations for high school graduates that have been
defined through analysis of workforce and postsecondary demands
nationally and specific to Arizona. The council, under Governor
Napolitano’s guidance, has worked closely with high growth and
emerging industry sectors to define the educational and training
requirements for key occupations within those sectors and create
recommendations to align the K-12 and postsecondary education
system to the needs of industry. The report then laid out specific
recommendations for action to address the gaps identified in the
report.

Delaware’s P-16 Council, as part of the state’s communication
strategy around increased high school graduation requirements in
math and science, held focus groups with parents and business
leaders to determine their level of awareness about and support for
the increased expectations for high school graduates. Focus group
participants questioned whether the state and its districts and
schools have the necessary capacity — in the form of highly quali-
fied teachers, facilities, district and state support, public support,
and funding — to meet the demands. In response to the concerns
raised by these focus groups, Delaware has developed recommend-
ed math and English language arts curricula; it has also charged
subcommittees with the task of making recommendations for pro-
viding supports to teachers and students that would help students
meet higher expectations.
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nity engagement, and policy support. Its central mess
Maine’s students need to be better prepared for colleg
The goal is to build public support for redesigning hi
Significant state funds are being used for the followir

« using television, radio, the Internet, and commun
extol the importance of graduating ready for coll

* helping 50 communities take concrete actions the
that their high schools are graduating students re
lege, career, and citizenship

« informing and coordinating opinion leaders to ac
for high school reform

Minnesota is taking a top-down and bottom
communications to support their STEM education ref
state solicited guidance from teachers and communit
through 12 regional forums to develop the state
Minnesota has also developed resources for students
such as STEM tool kits distributed to every high schc
dent-oriented website. © The state also hopes to le
grant awards allowing 20 high schools to develop mc
in digital content, technology and engineering, and m
remediation. Thus far, the governor has convened twi
summits and 10 regional forums to advance the state
cal and economic agenda with key business leaders.

STRATEGY #2: Ssupport the continued d
statewide K-16 data systems to track the STEM p
K-12 students for postsecondary pathways and to

tors data tools to improve instruction

The Data Quality Campaign has identified 10 essenti
and fundamentals of a longitudinal data system. Alth
cific to STEM education, collection of K

individual student data in science, math, engineering,
ogy for all students and allow the tracking of student:
P-12 (preschool to grade 12) and higher education sy
Currently, Florida is the only state that has a longitu
tem with all 10 of the essential elements identified by

53

Quality Campaign.

Recognizing the importance of data, Arkansas
tronic transcript to facilitate the exchange of informat
students between the K-12 education system, the pos
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students between the K-12 education system, the pos
education system, and employers. Pilot schools in the

Building a Science, Technology,Engineering and Math Agenda

using the electronic transcript this fall, and more than 200 educa-
tors have been trained on the system. Using an electronic tran-
script system has the potential to yield answers to important policy
questions. For example, linking the K-12 and postsecondary data
systems helps state officials analyze correlations between taking
high school courses and success in postsecondary education.

Since taking office in January 2006, Virginia’s Governor Tim
Kaine has embraced high school redesign. He has pushed the
state’s P—16 Council to define college readiness and lead the cre-
ation of a P-16 longitudinal data system. Virginia’s P-16 longitu-
dinal data system is now in its third year of implementation and
will be able to provide data on the first complete high school
cohort next year. The state department of education has awarded a
contract for two studies now underway: 1) a study to identify
high-performing high schools and the qualities that make them
successful; and 2) a study to examine academic weaknesses of
recent high school graduates, focusing on graduates who are
required to take remedial courses upon college entrance — an

analysis in which the state’s longitudinal data system will be critical.

Delaware plans to track student performance throughout the edu-
cation system. The P-16 Council’s post-secondary success subcom-
mittee is building a data cube to integrate K—12 and higher educa-
tion student-progress data. A new state policy allows for unique
student identifiers to facilitate information exchange across the
systems.

STRATEGY #3: Support promising new models of

recruiting and preparing STEM teachers.

Addressing the shortage of STEM teachers in the United States is
critical. As noted earlier, the United States faces a critical shortage
of highly qualified math and science teachers — projected to hit
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The number of nontraditional and alternative progran
increasing over the years. According to the National ¢
Alternate Certification, 48 states plus the District of (
now report having at least one alternate certification |
the state level. ™ It is estimated that one

wide received their initial certification through an ave
than a four-year degree. In addition to recruiting addi
teachers, states need to be able to retain them. Witho
the “revolving door” of STEM educators and maintai
control of all certification pathways, states will have
addressing this vital capacity issue.

Florida has several initiatives underway to recruit, p!
retain STEM teachers. The state has developed an int
paign to recruit and retain an increased number of mi
science teachers. Its program, funded by the U.S. Dey
Education, focuses on recruitment, alternate certificat
retention of career-changing STEM professionals. Be
and 2005, Florida’s program recruited 176 new teach
whom resigned before their second year

slightly below the national average of 20 percent for |
teachers. Community colleges around the state are tre
graduates for careers in education in new Education F
Institutes. The training courses, some as short as eigh
meant to plug one of the nation’s most urgent teacher
Florida’s program has drawn praise for its convenien
ability to attract nontraditional teaching candidates. T
combined with others, has the potential to double the
teacher stock in 2007-2008, infusing the state with a
ber of career changers.

The New Jersey Alternate Route Program, a collabo
between the state, local districts, and local colleges, ¢
career changers but also recent college graduates at tl
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of highly qualified math and science teachers — projected to hit
283,000 by 2015.

In 2002, the National Commission on Mathematics and Science
Teaching recommended that greater visibility be given to outstand-
ing examples of innovation, initiative, and leadership in recruiting
and preparing teachers. A 2006 report of the National Academy of
Sciences, Rising Above the Gathering Storm Report: Energizing and
Employing America for a Brighter Economic Future recommended
that the country increase America’s talent pool by vastly improving
science and mathematics teaching, and for annually recruiting
10,000 science and mathematics teachers.

One approach to addressing the shortage of STEM teachers is to
rely more heavily on nontraditional and alternate teacher certifica-
tion programs, which made their initial appearance in the 1980s.
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career changers but also recent college graduates at tl
classes. Teaching candidates participate in a year
gram while in their first year of teaching; they also re
mentoring provided by the school district. The Alterr
Program now provides the state with 42 percent of its
has been especially successful in placing graduates ir
tricts that have been traditionally difficult to staff. Th
Alternate Route Program is paired with an intensive 1
program aimed at teacher retention.

The Teach For America (TFA) program for new coll
has been successful in attracting top STEM graduates
nearly 20 percent of TFA’s 19,000 applicants majore
field. * TFA also has a specially designed program tc
port and training for STEM teachers. This success de
that top STEM graduates are interested in teaching. T

Board for Certification of Teacher Excellence’s (ABCTE) Passports
to Teaching graduates may apply for teaching licenses in six states.
ACBTE has set a goal to recruit 5,000 new math and science
teachers by 20009.

Governors can encourage traditional, postsecondary-based teacher
preparation programs to think differently about the way they pre-

pare math and science teachers. A recent report highlighted several
examples of postsecondary institutions and/or systems that are suc-

56

cessfully pushing reform, often with gubernatorial support.

UTeach, a partnership within the University of Texas at Austin’s
College of Natural Sciences and College of Education and the
Austin Independent School District, is engaging arts and sciences
faculty as leaders of reform. UTeach is working to increase the
number and diversity of math, science, and computer science stu-
dents entering the teaching profession in the state and assuming
positions of educational leadership in their fields. UTeach has
options for undergraduates to receive a bachelor’s degree with a
major in these fields and a teaching license in four years, college
graduates who want to return for certification, and for experienced

Page 21

Building a Science, Technology,Engineering and Math

STRATEGY #4: Supportaccountability r
funding for all providers of STEM teacher prepar

training

States should support accountability measures tied to
all providers of STEM teacher preparation and consi
financial incentives to improve results based on the il
STEM teachers and schools on students

disciplines. Such financial incentives, combined with
state- and district-level accountability systems, shoul
document a causal link between specific professional
measures and students’ learning outcomes using quar
measures.

Education Week’s Quality Counts 2007: From Cradl
Connecting American Education From Birth to Adult
accountability for teacher education programs using 1
indicators: 1) publishing pass rates and rankings of te
tion institutions; 2) evaluating the performance of gra
teacher education programs in a classroom setting; ar
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graduates who want to return for certification, and for experienced
teachers who want an advanced degree. Since UTeach began 1997,
it has increased more than fivefold the number of STEM teachers
being certified, and most graduates are still teaching.

The Boston (Massachusetts) Teacher Residency Program is a 13-
month teacher preparation and certification program aimed at
recent college graduates, mid-life career changers, and community
leaders with experience working with children. The program, a
collaboration between the Boston Public Schools, the Boston
Partnership for Excellence in Public Schools, U-Mass Boston, and
a coalition of local foundations, has found just over half of its mid-
dle-school and high-school teaching residents are of color and
about half are math and science candidates.

In California, Governor Arnold Schwarzenegger has marshaled
significant state and private resources (including several million
dollars in corporate contributions) to support the joint efforts of
the state’s two university systems — California State University
and the University of California — to significantly increase their
production of math and science teachers over the next five years.
The Cal-State system, which trains 60 percent of the state’s ele-
mentary and secondary teachers, pledges to double the number of
credentialed math and science teachers it annually produces from
750 to 1,500 by 2010. The U-Cal system will adapt the UTeach
model in creating CalTeach and pledges to quadruple its math and
science teacher output from 250 to 1,000 annually by 2010.
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teacher education programs in a classroom setting; ar
ing low-performing teacher education programs. The

56

Regional Education Board advocates for high st
tifying at-risk or low-performing teacher preparation
well as for assistance programs to improve the qualit;
grams. This organization emphasizes the importance
bility systems to maintain quality as states create an i

number of alternate teacher certification programs.

Alabama has made good progress in improving its S
tion system, in part because it holds teacher preparati
accountable for the performance of their graduates. Ir
Alabama was one of eight states that held teacher pre
grams accountable using all three standards identifiec
Education Week’s Quality Counts 2004
accountability. Alabama’s accountability system holc
training programs and the university or institution acc
Alabama produces report cards for each of its teacher
institutions, which detail the quality of the programs
of measures, ranging from the comprehensiveness of
ical experiences to evaluations of their performance ¢
the profession.

Louisiana also holds its teacher preparation program
using the three measures identified by Education We
Counts 2004. The state has adopted a performance sc
applies to both traditional and alternative programs. T
preparation programs gain points by improving aspir
scores on content area tests, the number of racial min
complete the programs, and numbers of graduates

Building a Science, Technology,Engineering and Math Agenda

prepared to teach in shortage areas such as math and science.
Louisiana also has a four-part corrective action plan that provides
financial assistance, as well as external assistance, to address the
problems within the program. The strict accountability system has
been important in holding accountable the state’s alternate certifi-
cation programs, which account for many of the new incoming
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STRATEGY #6: Create STEM centers to
improved teaching and learning across the state a

states through work on alignment, policy, and img

States can establish state-level STEM education cent
build statewide capacity for improved STEM teachin
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STEM teachers.

STRATEGY #5: Support market- and performance-
based, differentiated compensation for STEM teachers, partic-

ularly in underserved schools

Given the shortage of K-12 teachers in STEM fields (as well as in
English as a second language/bilingual areas), states should consid-
er adopting differentiated compensation schedules for STEM
teachers, particularly in underserved schools. A majority of states
offer financial incentives to address subject-area shortages, includ-
ing math and science. A number of diverse approaches to teacher
compensation have begun to emerge, among them plans to tie
compensation to teaching performance and evaluation in all con-
tent areas, including math and science. ” All 50 states and more
than 500 districts currently have policies and regulations in place

to recruit, reward, and retain teachers in all content areas that are
certified by the National Board for Professional Teaching
Standards. * Texas and Florida have recently required school dis-
tricts to establish performance based compensation systems for
teachers in all content areas. Florida’s system links raises and
bonuses for teachers to students’ standardized-test scores. Several
school districts, including Houston, Texas, and Denver, Colorado,
have established their own performance-based, differentiated com-
pensation plans. Some states and districts are adopting the Teacher
Advancement Program that includes a pay-for-performance ele-
ment. The federal Teacher Incentive Fund provides funding for
school districts and states to create financial incentives for teachers
and principals who raise student achievement and close the
achievement gap in high-need schools.

New York City offers teachers in high-need content areas, includ-
ing math and science, and in underserved schools a $14,600 hous-
ing subsidy. Under the terms negotiated with the city’s teacher’s
union, the city will pay as much as $5,000 up front plus a $400
monthly housing stipend. An aggressive marketing campaign is
being used to try to lure STEM teachers from other parts of the
country. Although the cost to the city is relatively minor, educa-
tion officials believe the program value will far outstrip its costs.
Teachers can bundle the housing stipend with a state-funded
tuition reimbursement program that was developed by former
Governor George Pataki. The city of Chicago, Illinois, and the
state of California offer housing subsidies to teachers as well.
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build statewide capacity for improved STEM teachin
ing. State-initiated STEM centers can act as a nexus 1
partnership development and to increase local capaci
STEM education. Individual STEM centers may foct
on different aspects of STEM education, such as rede
teacher preparation and supporting alternative model
education delivery. STEM centers are an important w
op, implement, and test professional development pre
teachers. A group of STEM centers may chose to wo
common aspects such as developing new STEM curr
marking state standards, and aligning assessments.

STEM centers should have a number of common eler
they should focus on exploring, testing, and propagat
tices in STEM education. Second, they should focus
all aspects of STEM education, including increasing
of “T and E”. STEM centers also should focus on dre
tion and guidance from across a wide array of source
partnerships with businesses, organizations that provi
learning opportunities, and especially strengthening c
tion between the different levels of education.

Texas Governor Rick Perry was instrumental in buil
Science, Technology, Engineering, and Math Initiativ
as a public-private partnership that is central to the Te
School Project. The T-STEM initiative was launched
million in state funds and $55 million in private fund
created six STEM centers to support 35 specialized S
mies. The STEM centers are located at universities, r
ice centers, and other nonprofit organizations and suf
STEM academies with professional development, tea
ment and retention, curriculum development all in ST
tion. The STEM centers are a foundation of the statev
practices Texas High School Project Network to shar
the academies and the centers with all Texas middle
schools as well as the nation.

The Charles A. Dana Center at the University of Tex:
demonstrates the expertise that university mathematic
departments can provide to improve STEM educatior
through policy assistance, research, and professional
for teachers. The Dana Center helped formulate state
mathematics and science and now conducts research,
research- and standards-based curriculum materials,
classroom teachers and higher education faculty invo

Create PDF with GO2PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer
http://74.125.47.132/search?q=cache:LQR5TIJMkIMEJ:www.nga.org/Files/pdf/0702INN...

6/17/2009


http://www.go2pdf.com
http://74.125.47.132/search?q=cache:LQR5TJMkJMEJ:www.nga.org/Files/pdf/0702INN...

Untitled

16

Page 26 of 36

teacher preparation (e.g., UTeach at UT-Austin). The Dana
Center’s professional development support includes online lesson
plans aligned to the state standards and assessments, ongoing
assessments, and institutes for schools and districts. The Dana
Center is a T-STEM partner center as well.

North Carolina Governor Mike Easley launched the North
Carolina New Schools Project in 2004 through a public-private
partnership to create small high schools with an economic devel-
opment theme and a focus on STEM fields. Ten schools opened in
2005, with a concentration on fields and occupations experiencing
economic growth, such as health and life sciences, engineering,
biotechnology, and information technology. The New Schools
Project focuses on assisting district- and school-level staff in the
process of opening the school and the first years of implementa-
tion. The New Schools Project will help open 75 small new high
schools and 100 Learn and Earn early-college high schools (one in
each county) by 2008.

The Merck Institute for Science Education (MISE) in New Jersey
was founded in 1993 with a mandate to improve student perform-
ance and participation in science. Focusing on students in kinder-
garten through eighth grade, the Institute focuses on forming part-
nerships between educators, parents, Merck employees, and policy
makers through policy work at the state level and intensive school
reform at the district level. MISE is an example of an industry
sponsored STEM center that has achieved the goals of uniting all
education stakeholders including industry, improving STEM edu-
cation at multiple levels, and sustaining long term progress. MISE
has also faced the challenge of scaling up its initial efforts from
four to seven school districts and offering itself as a model for
other organization while not diluting itself from its initial success
and quality.

STRATEGY #7: Support STEM education outside the

classroom via expanded learning opportunities that develop and

maintain student interest
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The Smith Summer Science and Engineering Prograr
Massachusetts is a precollege summer program for
of high school age. It brings together girls from all o\
try to participate in intensive, integrated STEM cours
ing the summer. The Smith program, which was start
seeks out girls who are traditionally underrepresentec
STEM professions and has been successful in mainta
the STEM pipeline. More than 75 percent of the Smi
graduates say the program increased their interest anc
in STEM. States can support programs like SSSEP as
comprehensive approach to engaging youth in the ST

Arizona State University’s Women in Science and E
(WISE) program attracts junior and senior high schoc
explore STEM careers and college majors during the
the campus of ASU. WISE is a multi-tiered program

together diverse populations of students, their teacher
ents to gain first-hand experience with the latest imag
gy. Besides presenting opportunities for scientific stu
design, and independent research, WISE also deals pe
gender bias issues in the classroom. WISE participan
gies and practices for neutralizing the classroom cultt
discourage the pursuit of advanced classes in matherr
ence and consequently participation in well paying ar
careers in science and technology. University of Ariz
of Medicine MEDCAMP program brings high school
together to learn about careers and college majors in |
nursing, pharmacy, and biomedical research during tt

States have also focused on increasing students

experiences in STEM through support for design and
competitions such as the Intel International Science 3
Engineering Fair, Science Olympiad, and the FIRST
series. These competitions provide students with real
challenges and allow students to build, tinker, design
solve while learning deep content understanding of tt
hand. Other competitions, such as the Young Natural
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maintain student interest

Providing governors the policy tools to help their STEM education
systems create early student interest in STEM and then maintain
that interest is critical. Education officials and funding organiza-
tions have looked to the success of expanded learning opportuni-
ties, such as afterschool and summer learning programs to see what
is possible in STEM education. These programs can complement
what students learn during the school day by giving them experi-
ences with enrichment projects and access to community resources
and sparking interest in STEM-related activities.
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hand. Other competitions, such as the Young Natural
offer students a more inquiry and narrative style com
reflects upon the scientific processes that allow stude
the natural world. Governors can look to these rigoro
experiences to gain knowledge into alternate evaluati
guidance in creating relevant, interesting STEM prog
incentives to encourage districts to participate in thes

Building a Science, Technology,Engineering and Math Agenda

RECOMMENDATION #3:Support innovative
models to find best practices in STEM education
and bring them to scale

Looking to find examples of best practices in STEM education, it
does not take long to identify promising and emerging practices
from outside the traditional education world. Although there are
some emerging best practices, there are few models with a research
base for governors to look to. The existing models provide poten-
tial inspiration but there is a need for innovation that is tied to
assessments that help inform what works and why. This is partially
due to the cross disciplinary nature of STEM that brings together
education and economic development. It is also due, in part, to

the plethora of successful nontraditional educational models that
have begun to flourish. From charter schools to business models,
States are at a time in which they can no longer afford to only look
inward to existing educational structures for models of effective
STEM education. Governors should look internally to find the
success stories from within their state, converse with other states to
identify and localize their best practices, and look internationally
to see how other countries continue to show progress.
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California has received national attention. The Natic
Consortium of Specialized Secondary Schools of Ma
and Technology maintains a network of specialized €
around the country that shares successful curricula ar
al development programs. The National Academies F
supporting a number of new STEM-focused schools.

Texas Governor Rick Perry has supported the design
mentation of whole-school changes in STEM. He hel
the T-STEM initiative, which is creating 35 specializ
academies that are a mix of charter schools, tradition:
schools, and early-college high schools. The academi
a rigorous STEM curriculum to 25,000 mostly low
minority students, beginning in the sixth grade, and v
3,500 students each year with the preparation to purs
careers in STEM-related fields. The T-

the Texas High School Project, which is designed to |
school graduation and college enrollment rates in eve
munity.

States can use also policies to expand access to early
school models focused on STEM disciplines and care
directly connect the high school experience to postse
cation and training, with the goal of supporting studel

STRATEGY #1: Establish and/or expand specialty STEM
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STRATEGY #1: Establish and/or expand specialty STEM
middle and high schools, including “early colleges,” charter

schools, district charter schools, and other models

Although this initiative maintains an important focus on improv-
ing STEM education for all students, the innovation economy also
requires an increase in the number of STEM professionals.
Specialty programs and schools provide students with the opportu-
nity to specialize in STEM-focused studies. Such programs (e.qg.,
day or residential, charter schools, magnet schools, in-district pub-
lic schools, and precollege programs) have been shown to lead to
much higher rates of postsecondary attendance and graduation in
STEM fields. These STEM-focused schools have been show to be
effective in increasing and maintaining student interest in STEM.
For example, Arizona is home to a recently created Bioscience
High School that will educate students in a small school environ-
ment. The school is located just minutes from Arizona’s bioscience
hub and will connect students with tools, resources, and experts
from across the country.

Many states and districts have created specialty STEM schools.
Thomas Jefferson High School for Science and Technology in
Northern Virginia is one of the first and one of the most success-
ful. Other top schools include the Illinois Math and Science
Academy in Aurora and the Eleanor Roosevelt High School in
Greenbelt, Maryland. Hi-Tech High, a wired school in San Diego,
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from one level of the system to the next.

states that have created an early-college model. The |
High School Initiative is a collaborative effort betwe
of school systems, including in Georgia

model of high school that includes college courses. T
state legislature passed regulations and policies to gr
early-college program. Nine new programs were ope
January, bringing the total number of programs to 23
state. Through the NGA Honor States grant funding,
Maine Schools Project has created a network to supp
expansion with substantial ongoing technical assistar

North Carolina Governor Mike Easley launched the
Earn early-college high schools initiative in 2004 as |
New Schools Project. Learn and Earn high schools al
to graduate in five years, with a high school diploma
ate’s degree or two years of college credit. The Learr
schools are expected to recruit first generation colleg
and students who perform poorly in the traditional hi
For example, the Learn and Earn site at North Carolil
University in Durham focuses on both curriculum ani
riences in partnership with biotech companies in Res|
Park. The governor plans to have Learn and Earn site
dents in all 100 counties by 2008.

STRATEGY #2: Supportemerging work on standards,
assessments, and curriculum on the “T” and “E” (technology

and engineering) of STEM

A key strategy to increase the relevancy of STEM to students’ lives
is to increase student exposure to the “T” and “E” of STEM —
technology and engineering. Both subjects focus on describing the
human-made world in which students increasingly live in and
include hands-on manipulation, design activities, and real-world
problem solving experiences as core components of learning. Few

Page 25

Building a Science, Technology,Engineering and Math

PTC, a global software company, has partnered with
Governor Tim Pawlenty, the University of Minnesot:
Minnesota High-Tech Association, to design and este
world’s first statewide Global Engineering Educatior
Program is designed to prepare teachers across the st;
computer aided design tools, and connect schools wi
and manufacturing companies, and develop business
through Minnesota’s High-Tech Association. Goverr
provided support for teacher professional developme
teachers could be trained before the school year bega
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problem solving experiences as core components of learning. Few
states or school districts include engineering — the study of how
new technologies are developed — as part of the core curriculum.

Standards for Technological Literacy, developed by the
International Technology Education Association, have been adopt-
ed by a majority of states who continue to work on implementa-
tion and assessments. A collaborative effort is currently underway
to develop model K-12 engineering standards that will soon be
available for state adoption. States should adopt or develop tech-
nology and engineering standards, assessments, and curriculum.
Teaching young students about engineering can help attract
women, English language learners, and underrepresented minori-
ties into the field as well.

The College Board is working with Strategies for Engineering
Education K-16 to develop a pre-AP engineering pathway course
of study that will be piloted in several districts in 2008. The

course, designed to attract students from all levels, will be inclusive
and provide the kind of education needed for high school students
to enter an AP program in engineering. This work will create a
gold standard by which states can align their engineering education
coursework and continue to increase the “E” in K-12 schooling.

Massachusetts has led the way among states in developing the “T”
and the “E” in STEM. It recently required that, by 2010, all stu-
dents must pass a Massachusetts Comprehensive Assessment
System (MCAS) in Science and Technology/Engineering to gradu-
ate. This is a result of seven years of design work in Massachusetts’
Framework that functions as the state’s standards in STEM disci-
plines in K-12. Massachusetts has supported efforts on “T” and
“E” by the Museum of Science in Boston that include the creation
of the National Center for Technological Literacy (NCTL). The
NCTL is designed to build K-12 curricula, standards, and profes-
sional development for technology and engineering education. The
NCTL has reached out to state departments of education through-
out the nation to support their work in designing standards in
technology and engineering disciplines. New Hampshire, 36 other
states, and a number of countries, are at various stages of work
with the Museum of Science in Boston to develop “T and E”
standards.
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teachers could be trained before the school year bega
September. The Minnesota Department of Education
member of the PTC-MIT Consortium, a coalition of |
holders across the United States, focused on addressi
al technology and engineering workforce needs.

STRATEGY #3: Support the developmen:
ty STEM curricula, aligned to state standards anc

for voluntary use by teachers and schools

States can partner with districts, organizations, and p
to create high-quality STEM curricula that is aligned
STEM standards and available for voluntary use by d
examples below demonstrate three ways to create an
ricula that are aligned with state STEM standards.

The state of Washington performed a review of matl
instructional materials in 2006. The resulting report f
school districts in the state with comprehensive and c
information regarding the alignment of mathematics
materials to Washington’s K-10 math standards with
towards international standards. Although the materi:
duced by private companies, the report serves to mea
degree of conformation with core lessons, assessmen
program design.

In 2006, Georgia adopted a new series of math stand
state developed “optimal teaching sequences

lesson plans that are aligned to the standards and asse
new program, entitled Georgia Performance Standarc
duced a series of lesson plans, activities and assessm
K-9 mathematics and will complete grades 10

prior to the spring of 2008. A comparable science ser
development and its anticipated completion date is sy

The publication of the Massachusetts

Technology/Engineering Curriculum Frameworks m
tricts to implement curricula, assess student learning
gaps in teaching. Working with the National Center f
Technological Literacy at the Museum of Science, B
have implemented curriculum materials in elementar
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and high school to satisfy the new state standards. At the high
school level, the courses fulfill the freshman-year Technology/
Engineering framework, provide ample opportunity to teach math
skills, and prepare students for engineering offerings in subsequent
grades. The partnership between the state, local districts, and an
outside organization has created a rigorous, innovative curriculum
that satisfies state standards.

States can also learn from and support districts supporting profes-
sional development for STEM teachers; the Chicago, Illinois
Public Schools Math and Science Initiative is offering curricula
and other support materials in all of the district’s high schools and
is reaching down to elementary and middle school

as well.

STRATEGY #4: Reinvigorate Career Technical
Education (CTE) as an option for all students with the same
postsecondary pathways readiness expectations as for non-CTE
students, particularly in its training for high-wage, high-skill

occupations in STEM fields

Aligning instruction to the career cluster knowledge and skills cre-
ates a fundamentally different type of instruction where academic
and technical instruction is blended and transitions among learner
levels are seamless. Within the CTE community there is a two-fold
goal to support this strategy to inject rigor and relevance into both
existing and emerging programs.

A Career Cluster is a grouping of occupations and broad industries
based on commonalities. The 16 career clusters provide an organ-
izing tool for schools, small learning communities, academies, and
magnet schools. Arizona conducted a comprehensive review of its
CTE curriculum during which specific program standards were
written and programs were updated to include reinforcement of
state academic standards. As a result, in 2004, CTE graduates who
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took two or more CTE courses outperformed the gen
school student population taking all three of Arizona
academic tests (AIMS). The state’s next step will be
CTE curriculum and identify the STEM standards en
within current CTE courses and to add STEM standa
gaps exist.

Maine is integrating career and technical education (
the state’s overall academic framework. As a result, |
Centers are increasingly emphasizing numeracy and |
state has also launched a P-16 demonstration project
two high schools, the CTE Center, a community colls
university on the same site. Kentucky
interdisciplinary CTE courses that meet academic col
ments. For example, two courses, computer aided dra
construction are structured so that they cover all 23 s
for geometry.

Project Lead The Way (PLTW) is a four

designed to introduce high school students to enginee
Students participate in core STEM courses build arou
STEM standards. More than 80 percent of PLTW gra
going to college, and 68 percent of the college

uates have decided to major in engineering. PLTW al
teachers in a two-week summer workshop that model
problem-based STEM courses. PLTW has developed
engineering program, including curricula, assessmen
and professional development. PLTW is supported b
Department of Education and the National Aeronauti
Administration and hopes to eventually reach 5,000 ¢
of the nation’s high schools. The program offers opp
earn early college credit and has recently announced
ty college “Pathways to Engineering”

Blagojevich of Illinois has invested more than $1.2 n
PLTW across the state as a part of his

economic development strategy.
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7.Putting ItTogether

A number of states are beginning to implement comprehensive
K-12 STEM education reforms. Rhode Island, Minnesota,
Massachusetts, and Indiana have all adopted these reforms as part
of the NGA Honor States Grant work.

Rhode Island is revising the sequence of its high school science
instruction; aligning standards and performance-based assessments
to postsecondary expectations; expanding dual enrollment options;
and creating a K-16 longitudinal data system that is linked to
workforce data. Governor Donald Carcieri has taken an active role
in establishing the state’s P-16 Council as a focal point for STEM
education reform as part of the state’s high school redesign efforts.

As part of its STEM initiative, Rhode Island launched a new and
innovative curriculum sequence for its high school science students
called Physics First. The course sequence is rearranged to begin
with physics and then move to chemistry and finally biology,
under the belief that this sequence more accurately builds upon
prior knowledge. Six schools (representing 10 percent of the state’s
high schools and 15 percent of the high school students) were
selected as Physics First pilot sites to undergo summer professional
development for teachers. Participating teachers also receive ongo-
ing, job-embedded professional development during the school
year.

In addition, Governor Carcieri worked with legislative leaders to
secure over $16 million in additional funding for STEM educa-
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cal education teachers. Other developments in Minne
the following:

* The state recently gave grant awards allowing 20
to develop model programs in digital content, tec
engineering, and math/science remediation.

» The state solicited guidance from teachers and cc
leaders through 12 regional forums to develop th
STEM initiative.

» Minnesota’s efforts are bolstered by a coordinate
focused communication campaign. A Web site, |
and public service messages generate media attel

Indiana is focusing its high school redesign work on
seeding promising STEM redesign models; forming ¢
works and creating a K-12 STEM Resource Center; (
statewide curriculum to train math teachers; and enac
tion to support high school redesign. Governor Mitch
developed a bottom-up, community-driven redesign
complement the state’s Core 40 curriculum (a college
sequence that requires every student to pass algebra |
chemistry or physics). A November 2006 conference
STEM and high school redesign. An estimated five n:
schools and four early-college high schools will open
Supporting this work are the Indiana K

new regional and thematic networks. The K

first project is to improve the teaching of middle schc
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secure over $16 million in additional funding for STEM educa-
tion, including $15 million for upgrading teacher training pro-
grams and state information systems in the K-12, postsecondary,
and adult education systems, and $200,000 for the creation of a

statewide science curriculum.

Minnesota is emphasizing STEM education as it strengthens high
school graduation requirements and aligns those with postsec-
ondary expectations; expands dual-enrollment options; funds
assessments of early-college readiness in eighth and 10th grade;
creates a higher education accountability system; creates new
school-level models to strengthen the academic rigor of career
technical education; funds new instructional approaches; and
increases public emphasis on STEM through professional develop-
ment for teachers and outreach to the public.

Governor Tim Pawlenty’s efforts are focused upon supporting
teachers and schools in providing new instructional approaches in
STEM. Teachers in Minnesota are learning to infuse digital con-
tent into their pedagogy. Twenty Lighthouse Schools received
funding to improve student achievement and STEM teaching
capacity. In addition, Minnesota has developed a new induction
and mentoring program for math, science, and career and techni-

Building a Science, Technology,Engineering and Math Agenda

* There is now a single, comprehensive list of standards, includ-
ing specific scientific inquiry and math skills.

» The Commonwealth has sought input from all education
stakeholders, including business, to define work readiness and
align its standards to those expectations as part of the
American Diploma Project.
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first project is to improve the teaching of middle schc
key gatekeeper for student success in high school. In
the NGA High School Honor States grant, Governor
raised $1 million in state dollars to support redesign |
Through this outreach, Indiana’s communities are ex
ferent models to create effective STEM high schools.

Massachusetts is focusing on STEM education in sti
its high school standards and aligning those standard:
ondary expectations; creating a college/work ready c
developing an end of course assessment in algebra Il
dropout prevention strategy; increasing AP and dual
options; and building a K-16 longitudinal data syster
Massachusetts governor’s office worked in close part
the state board of education and the commissioner of
implement the following:

* By 2010, all students must score above the profic
the math MCAS and a discipline specific science
gy/engineering MCAS.

* The state board of education revised its state stan
ther promote technology and engineering standal
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Page 29
Building a Science, Technology,Engineering and Math
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