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Dedication
John A. Moore
(1915–2002)

John A. Moore was Professor of Biology Emeritus at the University of
California, Riverside and a member of the National Academy of Sciences.
His long and active scientific career spanned seven decades, beginning when
he published his first research paper as a teenager and continuing until his
death. His last book, From Genesis to Genetics, was published in 2001.  He
is perhaps best known for his unending devotion to science education,
which he served at all levels from classroom instruction to textbook writing
(including the highly regarded Biological Sciences Curriculum Study texts
for high school—still in print after 40+ years—and the Science as a Way of
Knowing series for university-level instruction).  He also served the Na-
tional Academies and other professional and educational organizations on
committees and study groups too numerous to detail.  Dr. Moore was espe-
cially devoted to defending the teaching of evolution as an essential compo-
nent of any complete modern curriculum.  His ideas and high standards
had a major influence on the deliberations of this committee and the ideas
advanced in this report.  He will be sorely missed.
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Preface

A significant number of new PhDs in science, mathematics, and
engineering are seeking careers that make good use of their hard-
earned skills, but are outside of the traditional ones at universities

or in industry.  Some of them wish nothing more than to teach, to pass on
the passion of their research, to share their connections to the wonders of
discovery, and to use their talents to bring an understanding of the prom-
ises and limitations of science, mathematics, and engineering to others.
That desire sometimes turns to schools—from kindergarten through high
school (K-12)—perhaps because their parents or siblings are teachers or
because they realize that university life or life in industry does not appeal to
them.  The special talents and learning they have accumulated in their
doctoral studies make them a potentially marvelous resource for the nation’s
K-12 system of education.

It is not new for science, mathematics, and engineering PhDs to enter
careers in K-12 education or otherwise become involved with children’s
education.  Most who became teachers, however, did so at private schools.
By taking this path they avoided the onerous task of going back to college
to earn the education credentials necessary for teaching in public schools.
Thus, they often entered K-12 education without public school teaching
credentials and usually without ever spending time in the classroom.  To-
day, as the nation focuses anew on K-12 education, it is timely to consider
ways to encourage PhDs to use their skills more widely in our schools.

ix
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x PREFACE

The PhDs who are sprinkled around the nation’s schools in teaching
and other K-12 education positions often made their choice in spite of a
system whose rewards seem to be reserved only for those who follow in the
footsteps of their research advisers.  Indeed, good researchers will always be
needed, but that single-minded approach to a successful career can and
should be changed.  What is new about the National Postdoctoral Fellow-
ship Program outlined in this report is that it draws attention to PhDs’
interest in school careers by offering a path for using their talents to deepen
K-12 education—a path that has the strong support of local, state, and
national leaders.  It demands collaboration and partnerships among aca-
demic institutions that produce teachers, the districts and state systems that
oversee our schools, and our national science, mathematics, and education
leadership.  Its success will also depend on recognizing the diversity of our
nation’s schoolchildren and the centrality of that diversity in every level of
implementation.

What are the expectations for such a program?  As the committee
rightly concluded, it will not solve the nation’s teacher shortage or be a
proper career choice for all PhDs.  We hold high expectations for the fel-
lows:  We expect them to help improve and reform the K-12 learning envi-
ronment, and in turn, must provide an exciting prospect for them as educa-
tors.

Education has always played a special role in this country.  We have
shared the belief that a good education leads children not only to have
many choices as productive workers in the economy, but also to formulate
their own meaning to life.  A good education is the foundation for a life-
time of learning about both the natural and the engineered world, and it
allows us to deal effectively with the problems associated with our everyday
existence.

The fellows in the National Postdoctoral Fellowship Program will have
a passion for discovery; they will respect the cultures of science, mathemat-
ics and technology, as well as the world of K-12 education; and they will be
committed to achieving change through collaboration, while basing change
on research on learning and teaching.  This commitment represents an
exciting challenge, and the implementation of this program will provide a
new way for both scientists and society to view our nation’s schools.

The committee’s work would not have been possible without the help
of individuals who shared their visions for what this project could accom-
plish and their insights on the intricacies of designing a program that first
and foremost meets the needs of K-12 education.  A number of colleagues
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PREFACE xi

helped with the writing, research, and editing and provided wise counsel
at our meetings, including: Herman Alvarado, Amaliya Jurta, Judy
Nyquist, and Stacey Piccirilli, National Research Council’s Division of
Policy and Global Affairs; Joe Alper, Consultant, Louisville, CO; Judith
D’Amore, University of Washington; Ingrith Deyrup-Olsen, Professor of
Zoology (emeritus), University of Washington; Margaret Hilton, Center
for Education; Mary Grace Snyder, Coordinator, Resident Teacher Pro-
gram, Montgomery County Public Schools; and Claudia Sturges, Director
of Fellowship Programs, American Association for the Advancement of
Science.  We are also grateful for the guidance provided by Marilyn Baker
and Charlotte Kuh of the National Research Council’s Division of Policy
and Global Affairs.

In the course of this study we held a workshop in Seattle, and we
extend our gratitude to Dennis Schatz and the Pacific Science Center and
Gerald M. Stokes and the Battelle Pacific Northwest National Laboratory
for their hospitality.  We also thankfully acknowledge the space provided
for two other meetings at the Whiteley Center at the Friday Harbor Labo-
ratories at the University of Washington and the University of Texas at
Austin.

This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with proce-
dures approved by the NRC’s Report Review Committee.  The purpose of
this independent review is to provide candid and critical comments that
will assist the institution in making its published report as sound as possible
and to ensure that the report meets institutional standards for objectivity,
evidence, and responsiveness to the study charge. The review comments
and draft manuscript remain confidential to protect the integrity of the
deliberative process.  We thank the following individuals for their review of
this report:  Joan Baratz-Snowden, American Federation of Teachers, Wash-
ington, DC; Liesl Chatman, Science and Health Education Partnership,
University of California, San Francisco; Noah Finkelstein, Jacobs School of
Engineering and Laboratory of Comparative Human Cognition, Univer-
sity of California, San Diego; Sherrie Hans, Consultant, Alexandria, Vir-
ginia; Toby M. Horn, DC Public Schools Office of Academic Services;
Erin Peckol, BIOTECH Project, University of Arizona; Julie Strong, Menlo
School, Athjerton, California; John D. Wiley, Office of the Chancellor,
University of Wisconsin, Madison; and Lauren J. Young, Spencer Founda-
tion, Chicago, Illinois.

Although the reviewers listed above have provided many constructive
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comments and suggestions, they were not asked to endorse the conclusions
or recommendations nor did they see the final draft of the report before its
release.  The review of this report was overseen by Richard A. McCray,
Department of Astrophysics, University of Colorado, and Henry Riecken,
Professor of Behavioral Sciences, Emeritus, University of Pennsylvania.
Appointed by the National Research Council, they were responsible for
making certain that an independent examination of this report was carried
out in accordance with institutional procedures and that all review com-
ments were carefully considered.  Responsibility for the final content of this
report rests entirely with the authoring committee and the institution.

M. Patricia Morse, Chair
Committee on Attracting Science and
Mathematics PhDs to K-12 Education
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1

Executive Summary

The quality of science, mathematics, and technology education in
kindergarten through high school (K-12) is a major concern for
many observers of school systems across the United States. One

key element in that concern has been the shortage of qualified teachers in
these subjects.  Significant percentages of the teachers of these subjects did
not major or minor in them in college; some did not study them at all.  The
problem is particularly acute at the secondary school level in the nation’s
rural and urban areas.  Moreover, because about two-thirds of the nation’s
K-12 teachers are expected to leave teaching in the next 10 years, the prob-
lem is likely to get worse.  Other elements of concern have been the lack of
adequate teacher professional development, curriculum development, and
connections to educational resources outside the schools (including muse-
ums, aquaria, and zoos) and to institutions of higher education.

At the other end of the educational spectrum, the United States is
justly famous for the quantity and quality of its doctoral graduates in these
subjects.  Yet an increasing number of well-trained PhDs cannot find—or
decide they do not wish to pursue—traditional careers in academia or in-
dustry.

With interests that span these two ends of the educational spectrum in
the United States, the National Research Council (NRC) has undertaken a
three-phase project to explore the possibility of a program to attract sci-
ence, mathematics and engineering PhDs to careers in K-12 education.
The first phase of the project surveyed the interests of recent PhDs in sci-
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ence and mathematics in pursuing careers in secondary education.  Analy-
sis of the Phase I data suggests that a significant percentage of PhDs might
be interested in pursuing careers in secondary education under some cir-
cumstances.  This report from the second phase of the project presents a
proposal for a national demonstration program to determine how one
might prepare PhDs to be productive members of the K-12 education com-
munity.  The proposed program is designed to help meet the needs of the
nation’s schools, while providing further career opportunities for recent
PhDs in science, mathematics and engineering.

The committee proposes that the concept be demonstrated through a
National Postdoctoral Fellowship Program to prepare new and recent PhDs
for teaching and other positions in K-12 education and to prepare them to
take part in future leadership activities.  The program would provide 2
years of support for fellows to undertake classroom study and supervised
teaching.  Their work would include the courses and experiences necessary
for teaching certification in their states.  Part of the work would be based in
institutions of higher education; part would be based in local schools.  In
the first year, all costs would be borne by the national program; the schools
in which the fellows are employed are expected to pay their stipends and
benefits in their second year in the program.

The proposed demonstration program needs to be national in scope
because the needs in K-12 education are national, the potential supply of
PhDs represents a national pool, and there would be economies of scale for
recruitment, selection, and placement at the national level.  A national
program will also provide the opportunity for schools to choose from a
larger pool of applicants and for applicants to choose from a larger pool of
schools than would be the case for local or state programs.  Finally, the
committee believes that the nature of the problem is such that success will
require the prestige and momentum that can only be achieved through
national attention.

The committee strongly endorses Phase III of the project in which the
proposed demonstration program would be implemented and evaluated.
An initial 4-year demonstration program for cohorts of around 15 fellows
per year should generate enough evidence to evaluate the feasibility and
desirability of expanding the effort.  However, the committee believes that
a comprehensive evaluation of whether the fellows become successful K-12
educators and improve K-12 teaching in science, mathematics, and tech-
nology in the nation’s schools will require a program of at least 30 fellows a
year for perhaps 10 years.  For 30 fellows per year, such a program would
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cost about $2 million for the first year, with all support being provided at
the national level, and about $500,000 the second year, when most of the
support would be provided by the schools in which the fellows are working.
Thus, at steady state, the National Postdoctoral Fellowship Program sug-
gested here would require about $2.5 million (in 2002 dollars) for 30 fel-
lows; for a program of 60 fellows, the estimated cost would be about $4.8
million.  These estimates include a basic annual stipend ($35,000) and
benefits ($15,000) for each fellow in the first year, and some administrative
costs in both years; but they do not include ancillary costs associated with
evaluation and administrative overhead.

The committee recognizes that the details of the demonstration pro-
gram will have to be specified in Phase III and will depend in part on the
source of support for the program.  The committee believes that one or
more federal agencies, such as the National Science Foundation, the Na-
tional Institutes of Health, and the Department of Education, are the most
likely funders for this program because of its relevance to their responsibili-
ties; however, its support might also come from private foundations.
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1

Introduction

Education has long been both a source of pride and strength for the
United States and a topic of concern.  The support of free public
schools for all children in each state was an early demonstration of

the nation’s belief in and commitment to education.  Criticism of those
schools and the quality of that education has been a part of the nation’s
dialogue for almost as long.  As the twenty-first century begins, much of
the concern about the nation’s education is focused on the quality of sci-
ence, mathematics, and technology instruction and learning from kinder-
garten through high school (K-12).  This report proposes a national dem-
onstration program to help address that concern.

A NEED AND AN OPPORTUNITY

In a world in which science and technology play an ever-increasing
role in determining a nation’s economic and social health, U.S. children are
falling behind their international colleagues.  Results from the Third Inter-
national Mathematics and Science Study (TIMSS) in 1995 showed that,
while U.S. fourth-graders scored above the international average in math-
ematics, eighth-graders scored slightly below the average and high school
students scored near the bottom in both science and mathematics com-
pared with their counterparts in other countries (National Center for Edu-
cational Statistics (NCES), 1999a). When the TIMSS was repeated in 1999,
U.S. students’ performance compared to 1995 was unchanged, aside from
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a significant increase in the performance of eighth-grade black students in
mathematics (NCES, 2000).

Similar information comes from the National Assessment of Educa-
tional Progress (NAEP).  In the 1996 NAEP, less than one-third of all U.S.
students in grades 4, 8, and 12 performed at or above the “proficient”
achievement level in mathematics (Reese et al., 1997) or science (National
Assessment Governing Board (NAGB), 2001).  Although the recently re-
leased NAEP 2000 results for mathematics indicate that performance of
students in grades 4 and 8 has improved significantly over the last decade
(the results for grade 12 were mixed), once again less than a third of all
students performed at or above the “proficient” achievement level (U.S.
Department of Education, 2001).  In science, the results “show no signifi-
cant changes in grades 4 and 8, and a decline in performance at grade 12
since 1996” (U.S. Department of Education, 2002).

Four decades after Presidents Eisenhower and Kennedy made science
education their top priority for American education and a decade after
President George H.W. Bush, the nation’s governors, and business leaders
declared, “[b]y the Year 2000 . . . United States students will be first in the
world in mathematics and science achievement” (U.S. Department of Edu-
cation, 2000), the country is still struggling to find ways to lead children to
perform at high levels in science and mathematics.  The lackluster perfor-
mance of U.S. students in science and mathematics has many causes, and it
is not the purpose of this report to review them save for two:  (1) K-12
science, mathematics, and technology education suffers from critical short-
ages of qualified teachers, and (2) there is inadequate support for teachers’
professional development, for effective curriculum development, and for
strengthening connections between  K-12 education and higher or infor-
mal education.

At the other end of the spectrum of U.S. education, the nation has an
outstanding record in producing some of the world’s most renowned scien-
tists, mathematicians, and engineers, as well as a large number of highly
qualified and productive doctorates.  Yet several recent studies indicate that
the number of postdoctoral fellows in the United States has been growing
and that they, as well as PhDs who do not undertake postdoctoral work,
have experienced difficulty in finding permanent careers in either academia
or industry (National Research Council (NRC), 1998, 2000c).  Although
the situation is most pronounced in the biological sciences, significant num-
bers of PhDs in other scientific fields also report disappointment in their
prospects for finding careers as university faculty (NRC, 2000c).
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This mismatch between the number of PhDs being produced and the
number of faculty and industry positions for them is causing PhDs in all
fields to reconsider their career options (Fiske, 2001; Kreeger, 1998; NRC,
1995, 1996a; Rosen and Paul, 1997; Robbins-Roth, 1998; Tobias et al.,
1995; Nyquist and Woodford, 2000; Nyquist, 1999).  Moreover, results
from Phase I of this project suggest that a significant number of PhDs
might be attracted to careers in K-12 education under some conditions (see
the discussion in the next section).  This situation affords the nation a
golden opportunity to consider applying the talents of these PhDs to ad-
dress an important need facing the nation’s schools—improving K-12 sci-
ence, mathematics, and technology education.

In a recent editorial in the Chronicle of Higher Education, Vartan
Gregorian, president of the Carnegie Corporation of New York, articulated
an idea for rebuilding the nation’s public school systems around a revital-
ized teaching profession.  That editorial included the following vision of
this opportunity:

[W]e should remove artificial distinctions among teachers.
The idea that Ph.D.’s belong in higher education and M.A.’s and
B.A.’s belong in elementary and secondary schools does not make
sense.  It should not be considered a step down for a Ph.D. to
teach in a public high school. . . . Colleges should urge Ph.D’s to
consider teaching in our high schools, and high schools should
welcome them.  Encouraging more Ph.D.’s to become teachers in
public schools would greatly enrich those programs. (Gregorian,
2001, p. B7)

THE COMMITTEE’S TASK

This report covers the second phase of a three-phase project to explore
the possibilities and design of a demonstration program to attract PhDs in
science, mathematics, and engineering to careers in K-12 education.  The
goal of this project is to create a cadre of educators who are deeply knowl-
edgeable about science, mathematics, and engineering and deeply commit-
ted to K-12 education—who will be capable of helping children learn and
understand these key aspects of the modern world.

Phase I of the project undertook a major national survey of science and
mathematics graduate students and postdoctoral fellows to ascertain the
conditions under which they would be interested in teaching careers at the
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secondary school level.  (See Appendix A for the executive summary of the
Phase I report.)  This report marks the completion of Phase II.  Its aim is to
inform policy makers at both the state and federal levels of ways to attract
and retain PhDs in K-12 education as well as to present frameworks for the
design and evaluation of demonstration programs to accomplish that goal.
The charge to the Phase I committee directed it to consider only issues in
secondary education; the charge to this committee explicitly includes all of
K-12 education.  The committee agrees that the evidence it examined fa-
vors a demonstration program at the secondary level, and that it would be
appropriate to focus the initial demonstration at that level.  However, the
committee also believes that science, mathematics and engineering PhDs
could make important contributions to primary education.   Given that
conviction and the committee’s charge, the scope of this report is K-12,
rather than “secondary” education.

In the Phase I survey, 36 percent of respondents expressed interest in
careers in secondary education.  The survey also asked “Would you con-
sider other full-time positions in K-12 science and mathematics educa-
tion?” Although few of the respondents expressed an interest in becoming
K-6 teachers, between 55 and 82 percent of the respondents interested in
secondary school teaching positions indicated that they were interested in
becoming science or mathematics specialists for a school district, science
resource teacher for a school; or taking positions in curriculum develop-
ment, teacher professional development, science education partnerships,
university-based science education research centers, and science museums
or similar institutions (NRC, 2000a).  With this preliminary evidence in
hand, the National Research Council NRC broadened the scope for Phase
II to include careers in K-12 education other than secondary school teach-
ing.  In response to a suggestion from the NRC Governing Board Executive
Committee, the committee also broadened the scope to include PhDs in
engineering.

As part of its charge, the committee was directed to hold a public
workshop to examine the results from the Phase I study and to use those
data to develop plans for demonstration projects.  That workshop was held
on June 2-4, 2000, in Seattle, Washington.  The workshop brought to-
gether PhDs in science, mathematics, and engineering with careers in K-12
education; state policy makers; teachers; teacher educators; as well as repre-
sentatives of teachers’ professional organizations and unions, federal and
private funding agencies, and science and mathematics professional societ-
ies.  They and the members of the committee discussed the key issues in
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considering a demonstration program to recruit PhDs in science, math-
ematics, and engineering to work in K-12 education including:

• needs in the K-12 system that might be addressed by such a pro-
gram;

• specific K-12 education careers that might be open to program par-
ticipants;

• what further preparation PhDs would need for successful careers in
K-12 education;

• recruitment of local program providers and of Ph.D. applicants;
and

• potential sources of funding for various components of the pro-
gram.

The agenda and participant list for the workshop are in Appendix B.
In addition to the valuable information gained at the workshop, the

committee used various sources of data and information in its work, in-
cluding the national consensus standards for K-12 science, mathematics,
and technology education; previous NRC reports on issues of teacher sup-
ply and the improvement of science, mathematics, and technology educa-
tion in grades K-12; and the general research literature on K-12 education,
graduate education, and postdoctoral experiences.  It also relied heavily on
the results of the Phase I part of the project.  Nevertheless, designing a
demonstration program like the one proposed in this report involves many
factors for which the empirical research base is only suggestive.  Thus, the
committee also relied on the experiences of its members and other experts
in relevant organizations, along with the contributions of the workshop
participants.  In this respect, it is similar to a recent report that lays out the
design for a new approach to education research (NRC, 1999d).

Chapter 2 of this report discusses the need for qualified teachers and
improved teacher-support structures  in the nation’s schools, focusing on
science, mathematics, and technology subjects.  Chapter 3 presents infor-
mation on young PhDs’ interest and retention in K-12 education.  Chapter
4 then presents the committee’s proposal for a national demonstration pro-
gram to attract and retain PhDs in K-12 education.
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2

The Challenges of Education

To be effective, professionals in K-12 mathematics and science edu-
cation must have a deep understanding of two cultures—the world
of inquiry and problem solving that is central to mathematics and

science and the world of facilitating learning in the classroom.  This under-
standing involves three areas:  subject-matter or content knowledge, peda-
gogical content knowledge, and pedagogy (National Research Council
(NRC), 1999b).  That is, high-quality teachers have expertise in the subject
matter they are teaching, in how to teach, and in how to teach a specific
subject—teaching English is not the same as teaching mathematics.

THE NEED FOR HIGH-QUALITY TEACHERS

The United States now faces a shortage of teachers, especially of quali-
fied teachers.  That shortage has resulted in the hiring of uncertified or
underqualified teachers.  According to the 1996 study by the National Cen-
ter on Teaching and America’s Future (NCTAF) (1996), more than 50,000
inadequately prepared teachers enter the profession each year.  Just last year,
the New York Times (July 1, 2001) reported that 60 percent of the teachers
hired for New York City were uncertified (Goodnough, 2001).  And the
problem is not likely to be resolved in the foreseeable future:  with some
two-thirds of the nation’s K-12 teachers expected to retire or leave the pro-
fession over the coming decade, the nation’s schools will need to fill be-
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tween 1.7 million and 2.7 million new teaching positions (National Center
for Education Statistics (NCES), 1999a).

Of those new teaching positions, about 200,000 will be in secondary
science and mathematics (NRC, 2000a).  In the face of the current short-
ages of qualified teachers, there is no reason to expect that a significant
percentage of the people hired for these positions will be proficient in both
subject-matter background knowledge and pedagogy in these subject areas.
Among high school physics teachers, for example, 32 percent have a degree
in physics or physics education and have taught it on a regular basis, 41
percent have no physics degree, but have extensive physics teaching experi-
ence, and 27 percent have no physics degree and little physics teaching
experience (American Institute of Physics, 1999).   Another report
(Ingersoll, 1999) indicates that approximately 33 percent of mathematics
teachers and 20 percent of science teachers in grades 7-12 do not have
either a major or minor in their field.  These underqualified teachers teach
more than 26 percent of mathematics students and more than 16 percent
of science students.  In urban and small rural school systems, especially
those with large populations of students in poverty, the percentages of
underqualified teachers are even higher.

Having well-prepared teachers is central for students’ becoming liter-
ate in science, mathematics, and technology.  A report by the NCTAF
(1996) unequivocally shows the positive effect of better teaching on stu-
dent learning.  Another study, by the Center for the Study of Teaching
(Darling-Hammond, 1999), found that the two most consistent and pow-
erful predictors of student achievement in science and mathematics were
having teachers who were both fully certified and had a college major in the
subject being taught.  These findings about the importance of qualified
teachers are consistent with research on what experts know and how they
can use that knowledge.  Teachers with content expertise, like experts in all
fields, understand the structure of their disciplines; they thus have cogni-
tive “roadmaps” to guide the assignments they give students, the assess-
ments they use to gauge student progress, and the questions they ask in the
give and take of the classroom (NRC, 1999b).

Teachers face a further challenge in the classrooms of the twenty-first
century:  the increasing diversity of the nation’s schoolchildren.  The waves
of immigration to the United States in the last decades of the twentieth
century have filled the schools with children from myriad cultural and eth-
nic backgrounds; these students have varying degrees of English proficiency
when they begin school.  Fairfax County, Virginia, a suburb of Washing-
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ton, DC, is the oft-cited example:  the children in the school system come
from more than 180 different countries and live in homes in which over
100 languages are spoken.  To meet the goal of a good education for all
children, teachers must have the training and expertise to understand the
diverse group of students in their classrooms.

NEW APPROACHES FOR PROFESSIONAL DEVELOPMENT

Although there are many exemplary teachers in the nation’s public and
private schools, many other teachers, especially in primary and middle
schools, have not received adequate preparation in science and mathemat-
ics.  For current—and future—teachers who arrive in classrooms with in-
adequate training, professional development on the job can be a key route
to achieving more knowledge and better skills.  Particularly in the context
of evolving national and state standards in science, mathematics, and tech-
nology (American Association for the Advancement of Science (AAAS),
1993; NRC, 1996b; National Council of Teachers of Mathematics, 1989,
2000; International Technology Association, 2000; Eisenhower National
Clearinghouse, 2001a), there is an urgent need for both professional devel-
opment and new instructional materials and curriculum related to science,
mathematics, and technology.  These standards and related documents
(AAAS, 1990; Hurd, 1997; Krajcik, 1999; Alberts, 2000; Minstrell, 2000;
NRC, 2000d) call for greater use of teaching through inquiry, problem
solving and design.  They also call for the teaching of science, mathematics,
and technology in a contemporary context that is relevant to students’ lives
and experiences.

The trend towards using hands-on, inquiry-based activities to teach
primary grade-level science and mathematics to students takes advantage of
the fact that young children seem predisposed to learn about their world,
and it can make learning exciting to teachers and students alike (National
Science Resources Center [NSRC], 1997).  But most teachers need assis-
tance to implement these new approaches.  One source of support for teach-
ers are science, mathematics, and technology supervisors, who serve as cur-
riculum experts, set up resource centers, and provide technical assistance
for integrating these hands-on teaching approaches—as well as other learn-
ing tools such as computer hardware and software—in K-12 classrooms.
Many school districts have such supervisors, who also often help to write
grants and pursue other avenues for obtaining resources for schools.  These



Copyright © National Academy of Sciences. All rights reserved.

Attracting PhDs to K-12 Education: A Demonstration Program for Science, Mathematics, and Technology
http://www.nap.edu/catalog/10433.html

THE CHALLENGES OF EDUCATION 13

supervisors, like the teachers they support, need to be well qualified in the
content of science, mathematics, and technology education as well as in
pedagogy.

The professional development needs of teachers are the focus of vari-
ous national efforts. The report of the National Commission on Math-
ematics and Science Teaching for the 21st Century (2000) (also known as
the Glenn Commission, for its chair) called for the nation to establish in-
tensive Mathematics and Science Summer Institutes to provide in-depth
professional development to science, mathematics, and technology educa-
tors so that they can reach their full potential as teachers.  The National
Science Foundation (NSF) is funding Centers for Learning and Teaching
(see NSF 2001c), Centers for Advanced Technology Education (see NSF,
2001d), and Mathematics and Science Implementation Centers (see NSF,
2001e) to provide familiarity and implementation assistance with state-of-
the-art classroom materials for teachers of science and mathematics.  More-
over, a major activity of the Department of Education’s ENC for science
and mathematics instructional materials is to get useful education tools
into the hands of science, mathematics, and technology teachers (see
ENC , 2001b).  Other new programs, such as the capacity-building grants
funded by the Department of Education, the NSF, and the National Insti-
tutes of Health (NIH) through the Interagency Education Research Initia-
tive, call for more thorough dissemination of effective standards-based sci-
ence, mathematics, and technology instructional materials and for the
teacher professional development needed for their implementation (see
NSF, 2001f ).

Activities for teachers’ professional development are changing to reflect
growing knowledge about the requirements for improved and effective
teaching (see NCTM, 2000).  In the past, many professional development
activities were based on summer institutes, publisher-provided enhance-
ment for use of their textbooks and other instructional material, and uni-
versity-based professional development courses.  New activities for ongoing
professional development for teachers focus more on content updates, ex-
perience with exemplary instructional materials, and practice with assess-
ments that are connected to the educational goals of the curriculum.  One
approach that is in its infancy is support for teachers for activities in the
classroom—perhaps, through establishing electronic learning communities
among teachers, scientists, mathematicians, and engineers.  The NSF has
recently funded a series of such implementation centers—a series of Cen-
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ters for Learning and Teaching—and has plans to expand this approach in
the years ahead (see NSF, 2000).

In addition to institution- and curriculum-based professional develop-
ment activities, there has been a significant increase in number and quality
of community-based centers and activities for informal education, particu-
larly in the last 15 years.  For example, the number of open staff positions
among members of the Association of Science and Technology Centers
(ASTC) increased from about one per year prior to 1975, to about seven
per year between 1975 and 1984, to more than ten per year between 1985
and 2001 (ASTC, 2001).  These positions include jobs in science, technol-
ogy, and natural history museums; botanical gardens; aquaria; and environ-
mental centers associated with national, regional, and local parks and na-
ture preserves.  These centers have created new and expanded opportunities
for professional development for teachers, participation by students in sci-
entific research, and enhanced connections among teachers, students, and
scientists.  This interface has more recently become a magnet for scientists
who see the value of good science for K-12 students.  Such centers provide
the opportunity to connect researchers with teachers and to promote active
learning for teachers and students.  The researchers are in a position to
convey the excitement of science and provide resources for teachers’ follow-
up activities in the classroom.  The teachers bring understanding of new
approaches to pedagogy and of how students learn.

Schools are also turning to nontraditional sources of help for profes-
sional development and teaching materials.  New partnerships are being
forged among scientists, science educators, and teachers.  These partner-
ships, often facilitated by the use of computers and scientific databases,
may be connected with industry, academic institutions, or informal educa-
tion sites such as museums (see Cohen, 1997; Munn et al., 1999; Sussman,
1993).  Some partnerships are developing innovative instructional materi-
als that are disseminated free to teachers, such as those of the Howard
Hughes Medical Institute (2001) and the American Chemical Society
(2001).

  Local science centers, museums, parks, zoos, botanical gardens, and
aquaria are using their in-house resources to develop standards-based ac-
tivities and teaching materials that can supplement standards-based lesson
plans.  In many instances, industry, academia and these informal educa-
tional settings are also partnering with schools to provide teachers’ oppor-
tunities for professional development during summers (NRC, 1996c).
Many government agencies with science, mathematics and technology mis-
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sions are developing K-12 educational materials, as well as providing re-
lated professional development for teachers (see, for example, NIH, 2001;
National Aeronautics and Space Administration (NASA), 2001; U.S. De-
partment of Agriculture (USDA), 2001; and U.S. Department of Energy,
2001).   In less structured ways as well, scientists, mathematicians, and
engineers at local companies often serve as accessible sources of informa-
tion for teachers.

BEYOND PROFESSIONAL DEVELOPMENT

It is clear that many individuals, organizations, and institutions are
developing the resources to enable K-12 science, mathematics, and tech-
nology teachers to increase their own knowledge and improve their stu-
dents’ learning.  But it is equally clear that individual programs—even very
good ones—scattered across the nation’s more than 16,000 school districts
cannot meet the nation’s need for high-quality science, mathematics, and
technology education in K-12 classrooms.  And even with very good mate-
rials and opportunities for professional development, follow-through and
continued support for teachers in the classroom are often missing (see NRC,
1999c).  A critical way to help provide that support is to build many more
direct bridges between the practitioners of science, mathematics, and engi-
neering and K-12 schools, teachers, and students.  These bridges can be
encouraged and maintained by employing selected individuals in school
districts who deeply understand both the culture of science and the very
different culture of the schools.  On the other side of the divide, similar
types of individuals are needed inside institutions rich in science and tech-
nology to facilitate the connection of these institutions to school districts
and schools.  As schematically indicated in Figure 2-1, a few such individu-
als, strategically placed, can thereby catalyze an enormous increase in the
personal contacts and resource flows between the K-12 education system
and the vigorous scientific and engineering community in the United States.

In summary, there is an urgent need for more permanent connections
between two very different worlds:  that of science and that of the schools.
This need provides one important basis for the committee’s proposed na-
tional demonstration program.  Before turning to that proposal, in Chap-
ter 4, the next chapter considers the people who could in principle provide
the strongest links between the world of science, mathematics, and engi-
neering and the world of schools, teachers, and students.
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Strong interactions
between the Fellows

Science-rich institution
(university, museum,etc.)

School district

FIGURE 2-1  Why PhDs trained in the proposed program can serve as ideal connectors
between science-rich institutions and schools.

Every institution has its own culture, which makes it relatively easy for individuals
inside of the same institution to interact.  But, it creates serious difficulties for making
meaningful connections between two institutions whose cultures are as different as a
university science department and a school district.  After their training, the PhDs
discussed in this report (placed schematically between the dotted lines), share values that
allow them to form strong personal bridges between two such institutions.  Ideally,
some would be employed in school districts and others in science-rich institutions,
allowing them to catalyze a broad exchange of information and resources.
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From Grad School to Grade School

The premise of this National Research Council (NRC) project is
that recent PhDs may provide a source of highly qualified profes-
sionals for K-12 education in science, mathematics, and technol-

ogy.  Why focus on people who have science, mathematics, and engineer-
ing PhDs?  Two of their obvious attributes are deep content knowledge,
which is a requirement for good teaching, and a commitment to and inter-
est in teaching, which is often the goal of PhDs, though usually at the
college and university levels.  This chapter considers in greater depth what
are known about PhDs and about the potential of their pursuing careers in
K-12 education.  It looks at three questions:  Are they interested?  What do
they know that is special?  What do they need to learn?  It ends with brief
looks at the questions:  How can they learn what they need to know? And
how can they be retained in K-12 education?

ARE THEY INTERESTED?

The first phase of the project on attracting PhDs to K-12 education
was devoted to investigating whether recent PhDs might consider careers
in K-12 education and under what conditions they would do so.  In carry-
ing out this second phase of the project, the committee relied heavily on
the work of the Phase I committee (NRC, 2000a; see Appendix A for the
report’s executive summary) and on the discussions at a workshop (see Ap-
pendix B for the agenda and list of participants).
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1Respondents who were still in graduate school, female, or U.S. citizens were more
likely to say they had considered careers in secondary education than respondents who were
postdoctoral fellows, male or non-U.S. citizens.  Respondents in chemistry, with strong ca-
reer options in industry, were less likely than respondents in the biological sciences, physics,
and mathematics to consider secondary teaching positions.

The Phase I committee investigated the career ambitions of recent and
prospective PhDs in the physical sciences, life sciences, and mathematics,
and their interest in taking positions in secondary science, mathematics,
and technology education under a variety of hypothetical conditions.
Through focus groups and a national survey of more than 700 graduate
students and postdoctoral fellows, the committee asked respondents how
teacher preparation programs, work conditions, and compensation pack-
ages could be modified to attract them to careers in secondary and primary
school education.

Respondents to the survey had typically considered at least four differ-
ent options in contemplating their careers; 36 percent of them said they
had considered secondary school teaching or other secondary education
positions.  This number is significant, because, according to a special tabu-
lation of data from the 1997 Survey of Earned Doctorates that was con-
ducted for the Phase I report, only 0.8 percent of all PhDs currently work
in K-12 educational institutions (NRC, 2000a).1

The range of positions for which the survey respondents expressed
interest included not only becoming a science or mathematics teacher, but
also becoming a science or mathematics specialist for a school district, in
working in a university- or industry-based science educational partnership,
or in serving as a science specialist in a science resource center.  Some re-
spondents also expressed interest in working on curriculum development
or with education programs of a science museum, environmental science
center, or similar type of institutions.

A key question that arose in the Phase I committee’s work was why
less than 1 percent of PhDs are currently working in K-12 educational
institutions given that 36 percent of  recent PhDs have considered second-
ary teaching?  One answer is that there are many negative perceptions about
K-12 teaching that work against entering this career.  Those negative per-
ceptions include:

• a lack of status and respect for teachers,
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• poor classroom laboratory facilities,
• too many students per class and student discipline problems,
• structured curricula that allow little room for creativity,
• possible conflicts with teachers who do not hold PhDs, and
• low salaries.

There are also negative perceptions from school administrators and
university faculty that may act as disincentives to prospective PhD teachers.
For school administrators, there is the belief that PhDs may have good
content knowledge but do not know how to teach or to relate to K-12
students.  For university faculty, the prevailing perception was well cap-
tured in the Phase I report:

[M]any university faculty do not promote nonacademic careers
for PhDs, much less careers in secondary school education.  In-
deed, graduate students typically aspire to positions in academic
science and mathematics similar to those of their mentors, and the
socialization process in graduate school strongly reinforces this ca-
reer path (NRC, 2000a, p. 4).

Given the many negative perceptions that may discourage PhDs from
pursuing careers in K-12 education, perhaps it is surprising that more than
one-third of graduate students and postdoctoral fellows have considered K-
12 teaching.  The Phase I committee noted that its work also revealed some
attractive features of a K-12 teaching career:

While many participants in our focus groups held negative
perceptions, many also held a number of positive perceptions,
which included attractive working hours, a work schedule similar
to their children’s school day, and time for research or other activi-
ties during the summer.  Many also believed they would enjoy the
opportunity to foster the scientific interests of young people
(NRC, 2000a, p. 4).

During the workshop held in connection with this report, the partici-
pants with PhDs who work in K-12 education provided additional insights
as to why they are so few in number.  They stated that a major barrier for
anyone leaving academic research is the potential loss of respect from that
community.  Although they were ultimately happy with their decisions to
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enter careers in K-12 education, they suggested that this barrier could be
lowered if the PhDs were offered a prestigious national fellowship by an
institution that is respected by the academic research community.

This finding agrees with what the Phase I committee found in its sur-
vey, when it explored under what scenarios the survey respondents would
consider secondary school teaching.  The item that received the largest
number of positive responses, checked affirmatively by 67 percent of the
respondents, was the award of a prestigious national fellowship that pro-
vides training and placement, and covers living expenses.  Some other items
that solicited significantly positive responses were the availability of men-
tors, access to regional or university-based science teaching resource cen-
ters, and field opportunities for research that might involve their students.
A requirement to undergo a normal full teacher certification process was a
negative factor to survey respondents, but they were quite amenable to an
accelerated program.

The Phase I committee concluded that large enough numbers of PhDs
appear to be sufficiently interested in secondary education for the NRC to
continue the next phase of the project.  This committee concurs with that
conclusion and so turns to the next question.

WHAT DO THEY KNOW?

Perhaps the most important attribute that PhDs would bring to K-12
classrooms is a deep content knowledge of science, mathematics, or tech-
nology, including extensive experience with science as inquiry and similar
forms of scholarship.  As discussed in Chapter 2, all of the national stan-
dards for education call for greater use of teaching through inquiry, prob-
lem solving, and design.  Moreover, a deep understanding of the content of
mathematics or science is critical for high-quality teaching (NRC, 2000b),
and it would also be critical for other careers in K-12 education.

A second key attribute of PhDs is a passion for science and mathemat-
ics:  that passion could help inspire both their teaching colleagues, schools
and their students.  With appropriate preparation (see next section), they
should be able to harness their enthusiasm for discovery to teaching and to
the development and implementation of innovative programs in science,
mathematics, and technology.

Along with their passion for inquiry and their insights into science,
mathematics, and technology, PhDs—especially recent PhDs—are also in-
timately familiar with the use of information technology in their work.
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2Legislation has been introduced in Congress to provide funding to establish partner-
ships between  K-12 schools and institutions of higher education.

This familiarity with modern tools of inquiry is a third attribute that PhDs
would bring to K-12 education.  In many cases, they have become expert in
using the Internet for library work, for acquiring data for research (from
databases, remote sensing devices, and the like), for collaborative work with
others, and for the analysis and the other everyday tasks of their work.
Their ability to use technology can be helpful in solving problems and
developing innovations in K-12 instruction, and it can also serve as a model
for learning for their students.

In addition to the above attributes, science, mathematics, and engi-
neering PhDs will have a strong connection to at least one institution of
higher education—the university at which they earned a degree.  They can
use those ties to build strong partnerships between K-12 and higher educa-
tion.2   In addition, their ties with national professional societies can pro-
vide another source of connections between K-12 education and the
broader world of science, mathematics, and technology.

WHAT DO THEY NEED TO LEARN?

Although PhDs have a deep content knowledge in their fields, they are
likely to lack the two other ingredients necessary for high-quality teaching:
pedagogical knowledge and pedagogical content knowledge.  That is, they
probably do not have the general skills of a teacher, nor do they know
specifically how to teach particular science, mathematics, and technology
subjects in ways that enable most of their students to learn.  They also
know little about the opportunities and limitations imposed by the struc-
ture of the school day and other classroom realities.  In fact, much of the
training for a PhD is in some ways antithetical to the training needed for
K-12 teaching.

Most PhDs have gone through a demanding program that is long,
difficult, and that requires a narrow concentration on problems near the
cutting edge of their subfield.  It is unlikely that the last few years of their
apprenticeship will have provided an opportunity for exploring a broad
interest in their field—or for learning about science in general, or how to
teach science.  The PhDs who become K-12 teachers will need substantial
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classroom teaching experience, and they must develop an understanding of
the empirical and theoretical research findings about teaching and learning.

Pedagogical Content Knowledge  Research shows that the content to
be taught must be appropriate for the age and level of cognitive develop-
ment of K-12 students.  Teachers need to understand the effects of stu-
dents’ prior knowledge and their misconceptions on their ability to learn
new concepts (NRC, 1999b); they must also know how each type of mis-
conception can be addressed to increase student understanding (Minstrell
and van Zee, 2000).  Teachers must develop an understanding of how chil-
dren make sense of a discipline through the learning experiences and in-
structional materials used in quality K-12 mathematics and science pro-
grams (NRC, 1999b).  They also need to understand how the structure of
science and mathematics programs is used to allow students to grow in
their mastery of both content and process throughout their K-12 years.
Finally, national and, more recently, individual state content standards and
curriculum frameworks are increasingly important in determining what is
taught in U.S. schools, and teachers need to learn what they are and how to
make effective use of them in the classroom.  This entire area of knowledge,
called pedagogical content knowledge, is one that most recent PhDs in
science, mathematics, and engineering will need to learn.

Pedagogy   The learning sciences have made great progress in the past
decade in understanding how children learn (NRC, 1999b).  New and
recent PhDs in science, mathematics, and engineering are unlikely to be
familiar with what the learning sciences have contributed to this field of
cognition.  And yet our understanding of how people learn provides the
conceptual structure for strategies and techniques that teachers use to help
children understand science and mathematics.  The learning sciences also
provide the basis for designing effective assessments of student learning and
knowledge (NRC, 2001a).  The PhDs who wish to move to K-12 educa-
tion will thus need to learn about the theories of learning and the experi-
ments that support them; how our knowledge of cognition relates to teach-
ing based on scientific inquiry or mathematical problem solving, as called
for in the national education standards; and how this relates to assessing
student learning appropriately.

Context and Diversity   The demographics in the United States have
undergone rapid change in recent decades, and that change is reflected in
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the nations’ classrooms.  An increasingly large number of the nation’s chil-
dren are either immigrants or the children of recent immigrants, and they
bring a wide variety of perspectives, expectations, and experiences to school.
Research shows that context, including ethnicity and culture, plays a large
role in how people learn (NRC, 1999b).  PhDs who are moving into K-12
teaching will need to understand what effect these differences have on stu-
dents, both inside and outside the classroom.  When students in a class-
room have a variety of cultural and ethnic backgrounds, their teachers need
to use a variety of approaches in teaching and learning.  They will need to
know the effects on children who feel marginalized by their color or
ethnicity, how tracking in school programs affects students from different
backgrounds, and, more broadly, how class and race stratification issues
affect American education.

Classroom Management   Every K-12 teacher needs to know how to
manage classrooms in ways that promote learning.  PhDs who may have
taught college-level courses will probably need some training to manage
classrooms full of teenagers or younger students.  Some particular topics
that need to be covered are how to maintain discipline in classrooms, plan
lessons that engage students, keep records, organize classrooms, and dis-
tribute instructional time.  To become teachers, they will also need to know
how to manage and distribute to their students the resources for the in-
quiry and experiential laboratory-based learning that are called for in the
science, mathematics, and technology national education standards.

Schooling   To be effective in the K-12 environment, teachers need to
understand the challenges and opportunities facing schools and how the
schools respond to them.  In particular, they need to have some under-
standing of district and local school administration; education policy at
both the state and federal levels; issues related to special populations; sources
of funding for special programs; the influence of parents and policy makers
on K-12 education; and liability issues and accountability—including stu-
dent assessment, program assessment, and reporting.

HOW CAN THEY LEARN WHAT THEY NEED TO KNOW?

In thinking about an appropriate program to teach PhDs what they
will need to know to be high-quality teachers, it is useful to examine ex-
amples of other programs for nontraditional pathways to K-12 education.
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According to Haury (1998, p. 4), teacher education programs for midcareer
or second career professionals “may, in fact, seem the same as traditional
teacher preparation programs in terms of course requirements and field
experiences,” but a major difference is that the courses take the experiences
of the candidates into account.  The courses are often taught at the gradu-
ate level, even for those teacher candidates who do not hold PhDs.  Because
some topics can be skipped or covered at an accelerated pace, the programs
for nontraditional students tend to be much shorter than the standard 4-
year program for undergraduates.  Appendix C describes three such pro-
grams:  UTeach at the University of Texas at Austin; the midcareer math-
ematics and science program at the Harvard Graduate School of Education;
and Teach for America, which was begun as a senior thesis project at
Princeton University.  Although none of these is designed for PhDs in sci-
ence, mathematics, and engineering, they provide examples of the kinds of
courses, orientation, and classroom experience that might be appropriate
for people moving from graduate school to K-12 teaching.

Other sources of information for preparing PhDs for K-12 classrooms
are available from teacher professional organizations, science and math-
ematics professional societies, and educational researchers.  These groups
have all paid a great deal of attention to the preparation of teachers over the
last decade.  Two key compilations of these ideas and the results of research
are the report from the National Academies on the education of teachers
(NRC, 2000b), and the report of the Glenn commission (National Com-
mission on Mathematics and Science Teaching for the 21st Century, 2000).

Although the amount of material that PhDs need to learn in order to
teach well may seem daunting, it is surely less daunting than the challenges
they have overcome in completing their doctorates.  And they will bring to
this learning task their deep content knowledge; their extensive experience
as learners; and a commitment to teach and communicate to K-12 students
their interest in, knowledge of, and passion for science, mathematics, and
technology.

HOW CAN THEY BE RETAINED IN K-12 EDUCATION?

The committee was unable to identify unique retention strategies for
keeping PhDs in K-12 education careers.  One aspect of the demonstration
program might be to determine whether some unusual strategies can be
developed.  Retention strategies that have been shown to be effective for
teachers include: one-on-one mentoring, with mandatory participation for
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all new teachers, involving teachers in decision making, implementing team
or interdisciplinary teaching, and making scheduling changes to allow com-
mon planning time for teachers in schools.  (National Center for Teaching
and America’s Future, 1996; Hare and Heap, 2001; National Association
of State Boards of Education, 1998).  Retention strategies for the broad
array of professionals in other aspects of the K-12 education system have
not been a major policy concern, and there is a paucity of information from
which the committee could address retention in these other types of ca-
reers.
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4

Proposed Demonstration Program

This final chapter turns to the design of a demonstration program
for new and recent PhDs in science, mathematics, and engineer-
ing.  The committee’s proposed demonstration program is based

on what was learned from Phase I of this project about the attitudes of the
candidates for this program (see Appendix A), on the discussion in Chapter
3 of what prospective teachers need to know, on a few related programs
that have been launched in recent years, and on the committee members’
judgment and experience.

This demonstration program is not proposed as a step on the path to
the solution to the current and expected continuing shortage of highly
qualified teachers in science, mathematics, and technology in K-12 class-
rooms.  Rather, it is offered as one potential contribution toward a broad
approach to improving the quality of K-12 education in these subjects (see
Appendix D for a description of some related programs).  And it is also
offered to generate an option for new and recent PhDs who may find the
challenges and rewards of K-12 teaching more attractive than more tradi-
tional academic or industrial careers.

The overarching goals of the proposed demonstration program are to
work out ways of preparing new and recent PhDs to become certified K-12
teachers, so that they can use their unique set of skills to significantly im-
prove and transform K-12 teaching and learning in science, mathematics,
and technology.  By marrying the attributes of PhDs with the pedagogical
and other teaching skills they acquire in the program, the nation will gain a
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group of K-12 professionals who possess deep content knowledge, a mas-
tery of inquiry and analytic skills, direct connections to current research
and laboratories, an ability to engage students and K-12 teacher colleagues
in original research, and knowledge of the culture of science.  These profes-
sionals can serve as role models for students who might want to become
scientists or engineers.  Very importantly, they can bridge the very different
cultures of science and the schools in a variety of ways.  They have the
potential to form broad connections between universities and school dis-
tricts; to become leaders in science and education at the district, state, and
national levels; and to be advocates for school systems to gain access to
resources at museums, zoos, aquaria, industries, and universities.

A key to the success of the demonstration program proposed in this
report is designing it to be responsive to the needs and interests of the PhD
fellows, to the institutions that will conduct the teacher education, and to
the local communities in which they will ultimately work.  The latter two
groups must be responsible for the operation and administration of the
preparation programs; they will also serve as a “home” for the fellows.

Four features critical to the demonstration program are that it:

• is national in scope;
• is 2 years in length;
• provides financial and other support for participants; and
• is designed to provide the opportunity for the participants to obtain

state teaching certification.

The next section discusses these four program features; this will be followed
by a discussion of other program features that will be important for the
program’s success:  recruitment, selection and placement, teacher prepara-
tion, and mentoring and leadership preparation.  The final sections briefly
discuss the demonstration program’s structure, funding, and evaluation,
closing with a brief look at next steps.

A NATIONAL 2-YEAR FELLOWSHIP

A National Program

We propose a demonstration program that is national in scope for four
reasons:  (1) the national needs in K-12 science, mathematics, and technol-
ogy education; (2) the mobility of PhDs; (3) a desire to offer the maximum
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TABLE 4-1  Mobility of Mathematics and Science Doctorates After
Graduation, 1957-1999 (U.S. Citizens and Permanent Residents)

Stayed Moved Out Stayed
State in State  of State Total in State
of PhD (number)  (number) (number) (percent)

Alabama 1,387 2,556 3,943 35.2
Alaska 98 129 227 43.2
Arizona 1,574 5,303 6,877 22.9
Arkansas 309 1,081 1,390 22.2
California 29,429 37,373 66,802 44.1
Colorado 3,139 7,129 10,268 30.6
Connecticut 1,682 7,098 8,780 19.2
Delaware 352 1,577 1,929 18.2
District of Columbia 1,875 5,260 7,135 26.3
Florida 3,451 8,630 12,081 28.6
Georgia 2,434 6,173 8,607 28.3
Hawaii 509 1,148 1,657 30.7
Idaho 210 698 908 23.1
Illinois 7,976 22,482 30,458 26.2
Indiana 2,559 14,000 16,559 15.5
Iowa 1,801 7,820 9,621 18.7

range of choices and opportunities for the participants and schools; and (4)
a belief that the issues and ideas embodied in this demonstration program
deserve national attention.

People with new and recent PhDs in science, mathematics, engineer-
ing, and technology are not evenly distributed among the states, and there
are only a few places that might have enough of them to mount a viable
demonstration program on their own.  Fortunately, these people tend to be
highly mobile.  They are accustomed to looking for the best places to con-
duct their research or find employment without regard to state borders.
Their mobility is demonstrated in a special tabulation from the Survey of
Doctorate Recipients that was prepared for this study (see Table 4-1):  70
percent of science and mathematics PhDs who are U.S. citizens or perma-
nent residents leave the state where they earned their degree immediately
after graduation.  That is, of the 518,408 U.S. citizens or residents who
received PhDs in 1957-1999, only 30 percent stayed in the state in which
they received their degrees for their first employment.  Only a national
program can truly respond to the interests of prospective fellows and offer a
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Kansas 1,119 4,832 5,951 18.8
Kentucky 833 2,499 3,332 25.0
Louisiana 1,536 3,823 5,359 28.7
Maine 148 366 514 28.8
Maryland 3,623 8,288 11,911 30.4
Massachusetts 9,170 19,972 29,142 31.5
Michigan 5,339 16,031 21,370 25.0
Minnesota 2,656 7,062 9,718 27.3
Mississippi 705 2,182 2,887 24.4
Missouri 2,575 6,494 9,069 28.4
Montana 247 992 1,239 19.9
Nebraska 780 2,289 3,069 25.4
Nevada 145 386 531 27.3
New Hampshire 278 1,413 1,691 16.4
New Jersey 3,069 7,904 10,973 28.0
New Mexico 949 1,794 2,743 34.6
New York 19,888 34,016 53,904 36.9
North Carolina 4,157 10,439 14,596 28.5
North Dakota 241 927 1,168 20.6
Ohio 6,706 13,280 19,986 33.6
Oklahoma 1,443 4,164 5,607 25.7
Oregon 1,440 5,061 6,501 22.2
Pennsylvania 8,045 17,644 25,689 31.3
Rhode Island 628 2,999 3,627 17.3
South Carolina 895 2,522 3,417 26.2
South Dakota 101 450 551 18.3
Tennessee 2,207 5,446 7,653 28.8
Texas 9,634 16,233 25,867 37.2
Utah 1,472 4,205 5,677 25.9
Vermont 219 685 904 24.2
Virginia 2,473 6,967 9,440 26.2
Washington 2,763 7,598 10,361 26.7
West Virginia 330 1,251 1,581 20.9
Wisconsin 2,918 11,100 14,018 20.8
Wyoming 183 937 1,120 16.3
Total 157,700 360,708 518,408 30.4

SOURCE:  Special tabulation from the Survey of Doctorate Recipients prepared for the
committee by the Office of Scientific and Engineering Personnel, National Research
Council.

TABLE 4-1  Continued

Stayed Moved Out Stayed
State in State  of State Total in State
of PhD (number)  (number) (number) (percent)
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range of choices to the institutions and schools that will be part of the
demonstration program.

Program Duration

The proposed demonstration program would allow flexibility in the
design of the local preparation programs, with the following constraint:
that the institutions that choose to participate in the program will provide
standards-based teacher education programs that integrate a variety of class-
room teaching experiences with coursework.  The coursework would in-
clude educational theory and the results of empirical research on how chil-
dren learn science and mathematics.  The courses would be structured as
graduate-level seminars or other approaches that are appropriate for PhD-
level teacher candidates.  These programs are likely to be undertaken by
institutions as add-ons to existing traditional or nontraditional teacher edu-
cation programs, though some might design new programs for the fellows.
Since one goal of the demonstration program is to provide the opportunity
for state certification, the institutions will need to provide appropriate
courses or other resources that allow for the fellows to become certified to
teach in one or more states.

Each fellow will participate in a 2-year experience.  One program might
feature a full year of classroom-based study followed by a full year of school-
based teaching, designed to lead to meeting qualifications for certification.
Another program might decide its needs are better met by combining the
classroom-based study and school-based teaching in the first year, and provid-
ing the fellows with opportunities to work in a wide variety of settings in the
second year.  Within the framework proposed by the committee, many other
structures for the local programs would be possible.

The institutions that choose to participate in this demonstration pro-
gram will likely already have ongoing partnerships with local schools, school
districts, or larger geographical educational entities.  If not, they will need
to develop them.  These partners will provide the settings for the school
portions of the program, and they would be expected to assign an appropri-
ate master teacher to act as a mentor to each fellow.

Teacher Preparation and Certification

We have already discussed the kinds of knowledge that new and recent
PhDs in science, mathematics, and engineering need to master to become
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effective K-12 teachers, and Appendix C describes some nontraditional
teacher preparation programs.  A more extensive source of information on
the preparation required for effective teaching is a recent report of the NRC
(2000b), which reviewed the research results and recommendations of pro-
fessional organizations.

As described in Chapter 3, as an addition to the deep content knowl-
edge in their fields, the fellows need to develop both pedagogical knowl-
edge and pedagogical content knowledge:  that is, how to teach in general,
and how to teach particular subjects.  Thus, for example, they need to learn
how to teach students of different ages, with different prior knowledge, and
from different cultural and socioeconomic backgrounds.  They also need to
learn about classroom management and the structure of K-12 education,
with its national, state, and local dimensions.  In the committee’s proposed
demonstration program, this pedagogical knowledge would be gained in
both classroom-based and school-based learning and teaching experiences.

One question with which the committee wrestled is certification:
What role, if any, should certification have in the program?  There are two
issues involved in this question:  one concerns the locus for certification;
the other concerns the possibility of careers other than teaching in K-12
education.

On the first issue, some participants at the committee’s workshop sug-
gested that the demonstration program might aim at setting certification
standards at a national level.  However, teacher certification has always
been the purview of the states, and there was considerable doubt expressed
by other participants that states would—or could, legally—let an outside
body set certification requirements.  Moreover, the requirements for certifi-
cation are variable across the nation (see Feistritzer and Chester, 2000).  Yet
it is critically important that the fellows obtain certification if they are to
teach in public schools.  The committee believes that the appropriate way
to deal with certification in the demonstration program is to require that
the 2-year program include all of the courses and other activities that are
necessary for fellows to obtain state certification, at least in the state in
which their preparation takes place.

On the second issue, some workshop participants questioned whether
the demonstration program should require the courses and activities for
certification, since not all positions in K-12 education require teaching
certification.  However, the committee believes that if the fellows are to
become leaders in improving K-12 science, mathematics, and technology
education—whether directly in the classroom or in some other capacity—
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the certification experience will provide credibility for them to work effec-
tively with teachers.  The committee therefore strongly endorses the posi-
tion that all fellows should achieve certification, and as noted above, that
the institutions that prepare them should ensure that the fellows can meet
certification requirements.  However, actually obtaining certification should
not be a requirement for remaining in the demonstration program or suc-
cessfully “graduating.”  The committee notes that experience with scientists
and engineers from defense-related companies who prepared to become
teachers under the Defense Reinvestment Initiative (see NRC, 1999a)
shows that fellows who do not achieve certification during their 2 years in a
program may become certified after the program is over.

Support for the Fellows

To make the demonstration program attractive to prospective partici-
pants, the committee proposes that it be structured as a 2-year postdoctoral
fellowship.  By the time they have completed their work, PhDs have in-
vested a significant amount of their time and funds in their professional
preparation, and virtually all of the options open to them involve being
paid or financially supported in some way.  It is not realistic to ask them to
then undertake two additional years of preparation on their own for one of
the options—to help improve the nation’s K-12 education—that may be as
important to the nation as it is to the fellows.  Moreover, the fellows will be
providing significant labor to their home school district, particularly in the
second year of the program, so in that year the stipend can be viewed as in
large part a salary.

The committee believes that the first-year stipend should be awarded
as a prestigious national fellowship.  The second-year support might be in
the form of a position in a school district as a teacher or in some other
supporting role in K-12 education, funded at least in part by the school,
district, or other education institution that is “employing” the fellow.  Hav-
ing the institution contribute some or all of the support for the second-year
stipend would also demonstrate their commitment to the project.

We estimate that the fellowship will cost a total of about $56,000 per
year per fellow, which will cover the recommended stipend of $35,000,
plus health and related employee benefits, and travel funds.  Travel funds
are important so that the fellows can attend conferences and other gather-
ings to keep in touch with both their scientific and their teaching col-
leagues throughout the country.
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To estimate the cost, the committee first examined how stipend levels
are set for postdoctoral awards in the AAAS Congressional Fellowship Pro-
gram of the American Association for the Advance of Science (AAAS) and
the Associateship Program of the National Research Council (NRC).  In
the AAAS program, the stipends are commensurate with the salaries for
entry-level employees of the host institution who have similar job descrip-
tions.  For the NRC associateships, the host laboratories set the stipend
levels; the program suggests that they use the federal government’s grade 11
step-1 salary level as a benchmark for setting the stipend levels, but they are
free to set the level above or below that target.  Based on the review of
teacher salaries in New Jersey, North Carolina, Texas, California, and
Washington presented in the Phase I report (NRC, 2000a), we estimate
that the average annual salaries in those states for entry-level teachers at the
secondary level who hold PhDs is about $35,000.  A stipend at this level is
close to the $37,128 per year salary that graduate students and postdoctoral
fellows surveyed for the report would expect to receive as a secondary school
teacher.  Therefore, the stipend level suggested is not expected to be a major
barrier in recruitment, especially in states with pay scales similar to those of
the states reviewed in Phase I.  To the base $35,000 per year stipend the
committee adds an estimated $15,000 for benefits, $3,000 to cover reloca-
tion expenses, and $3,000 to cover travel, for an average total annual cost
of about $56,000 per PhD.  However, because the cost of living and pay
scale for teachers and other educators is not uniform across the nation, a
geographic variation in the level of the stipends might be used for the dem-
onstration program.

In addition to financial support, the support of mentors—most of
whom will be master teachers—will be critical to the program.  As dis-
cussed in Chapter 3, teaching is a challenging and demanding profession,
and classroom experience is an indispensable part of a teacher’s learning.
Some of that experience and learning can best be passed on from master
teachers to novice teachers, which both makes learning proceed more rap-
idly and gives the new teachers more confidence in their ability to become
high-quality teachers.

OTHER PROGRAM CHARACTERISTICS

In addition to the key elements discussed above, several other features
will need to be carefully designed in the program:  recruitment, selection
and placement, and teacher preparation.
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Recruitment

An important first step in the proposed program is identifying and
recruiting the target population, new and recent PhDs in science, math-
ematics, and engineering.  Many postdoctoral fellowship programs define
“recent” to be within the last 5 years, and the committee believes that that
time frame is appropriate for this program.  Furthermore, the committee
believes that doctoral students should be allowed to apply to the program if
they have not completed their PhD at the time of application but will do so
by the beginning of the program.  That way, the PhDs can go immediately
from their graduate studies to the fellowship program.

The group that discussed recruitment at the committee’s public work-
shop believed the population of recent PhDs in science, mathematics, and
engineering is reasonably well defined, so that recruitment efforts can be
targeted to the appropriate trade journals and organizations.  Word of
mouth is likely to be an important part of recruitment, particularly after
the program begins, when current and former participants will be excellent
resources for recruitment.

Another subject that arose in the workshop discussion concerned pos-
sible tension between:  (1) an intent of the program to address the shortage
of highly qualified lead teachers and (2) the desire of some professionals in
the field to strengthen the infrastructure of K-12 education in science,
mathematics, and technology in other ways.  This tension might be re-
flected in the recruitment process to the extent that some applicants might
be more interested in other positions in K-12 education, such as resource
specialists, and might not remain in teaching positions after the 2-year
fellowship.  The group’s discussion centered on PhDs who are particularly
interested in teaching, but it concluded that other careers in K-12 educa-
tion should not be excluded from consideration.

National recruitment efforts might include program announcements
through a variety of Internet-based listservs, a specialized website, an infor-
mational brochure, and advertisements in Science,1  Nature, Chronicle of

1There is some anecdotal evidence to suggest the journal Science might be an effective
recruitment medium.  An alternative certification program for PhDs developed as a partner-
ship between the National Institutes of Health (NIH) and the Montgomery County [Mary-
land] Public Schools (see Appendix C) was described very briefly in the letters section of the
October 13, 2000, issue of the magazine.  Although the program is intended only for PhDs
who are already at NIH’s Bethesda campus, the letter generated a national response:  30
people made casual inquiries and 13 others sent in material that they hoped would give them
entry into the program.
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Higher Education, and discipline-based journals.  Scientific, mathematical,
and engineering professional societies might also play a role in recruitment.
One model might be the Science and Technology Policy Fellowships Pro-
gram of the American Association for the Advancement of Science  (AAAS,
2002).2   In that program, AAAS recruits, selects, and funds two of its own
fellows and runs an umbrella program for the fellows recruited, selected,
and funded by about 30 other national scientific and engineering societies.

Special recruiting efforts might be needed to ensure that the program
is known to all groups.  For example, participants at the committee’s work-
shop noted that there are mentoring networks in some minority communi-
ties that might be very valuable in recruiting for this program.  It is most
important, of course, that graduating PhDs be aware of the program and
that it is well advertised within graduate school academic communities.

Selection and Placement

In addition to the criterion that prospective fellows must be new or
recent PhDs in science, mathematics, or engineering, the program should,
to the extent possible, identify PhDs who have a strong desire to have a
career in K-12 education.  Toward that goal, applicants should provide
evidence of an interest in K-12 education.  Evidence might include prior
participation in formal K-12 activities (e.g., classroom teaching, classroom
observation, tutoring, literacy or partnership programs, etc.) or informal
K-12 activities (e.g., programs in aquaria, zoos, museums, environmental
centers, etc.).  Furthermore, given the particular shortage of highly quali-
fied teachers in urban and rural school districts, applicants should demon-
strate interest and desire in teaching all students—from a variety of socio-
economic and cultural backgrounds and from different levels of academic
preparation and achievement.

Although it is important to select fellows who have a demonstrated
commitment to K-12 education, it must be kept in mind that PhD stu-
dents often carry heavy burdens to complete their work, so that they may
not have had significant amounts of time for other activities.  The people

2This program is open to people with PhDs or an equivalent degrees in the social,
physical, or biological sciences, or who are engineers with a master’s degree and 3 years of
post-degree professional experience.  The 1-year fellowships, based in Washington, DC, are
designed to provide participants with public policy learning experience and to bring techni-
cal backgrounds and external perspectives to decision making in the U.S. government.
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involved in the selection process will have to develop realistic and flexible
requirements for the criterion of a commitment to K-12 education.  Appli-
cants might be asked to submit letters of recommendation and an essay
that describes their ideas about teaching, their ideas for integrating scien-
tific experiences into classroom teaching, and long-term career goals.  The
applicants might also be required to take the Gallup Teacher Perceiver (see
Appendix E) or similar instrument to assess their interests and skills for
classroom teaching.  Selection should be through a peer review process:  the
evaluators should include master K-12 teachers, distinguished scientists,
mathematicians, and engineers, and distinguished teacher educators.

The selection process will depend on the detailed structure of the dem-
onstration program.  There are three basic selection and placement sce-
narios that the committee believes should be considered.  In the first sce-
nario, the institution of higher education that will provide the first year’s
preparation and the local schools or schools districts would be responsible
for selecting the fellows.  This option may be attractive to the institutions
and schools because it gives them complete control over which PhDs are
accepted into their programs.  But it has two potentially serious negative
consequences:  the selection criteria might vary significantly from site to
site, and PhDs might find it difficult to know about or apply to what are in
effect many different programs.  In a second scenario, at the other end of a
spectrum, the selection and placement of the fellows would be handled
entirely by the national-level entity that administers the program.  Such an
arrangement might provide economies of scale, promote the use of uni-
form selection criteria, and allow applicants to apply for several different
institutions or places.  But it, too, has several serious negative consequences:
the institutions and schools that are the key places for the preparation might
well not be willing to give up their ability to select candidates for their own
programs.  The third scenario is a joint process that involves both a national
entity and the local providers.  In this case, the precise roles for each partner
would need to be worked out at the beginning in the detailed design phase.

One model for a joint selection and placement process is the National
Resident Matching Program (NRMP) for medical training.  The applicants
to graduate medical programs and the programs submit ranked lists of ei-
ther their preferred programs (from applicants) or their preferred appli-
cants (from programs) to the NRMP organization.  When all of the rank
lists are received by the NRMP, it compares the lists and undertakes a pro-
cess to find the best matches (see Appendix F for a description of the match-
ing process).
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A second model is the selection and placement process used by the
NRC Associateship Programs (see NRC, 2001b).  One component of that
program, for scientists and engineers who are less than 5 years past receiv-
ing their PhDs, places associates in 1- to 3-year research postdoctoral posi-
tions at federal facilities across the nation.  The host laboratory sets the
length of the postdoctoral appointment.  Candidates for the associateship
submit with their application materials a proposal for research with a spe-
cific adviser at one of the participating federal laboratories.  Applicants may
submit up to three applications for each review (there are three reviews per
year).  The proposal is first screened by the potential adviser, who indicates
whether the candidate should be considered by the NRC in its formal re-
view process.  The NRC then convenes peer-review panels to rank order
the research applications that have passed the screening by the advisers.
The associateships are awarded to the applicants according to the rank or-
der of their application compared with others for the same federal labora-
tory.

A third possible model is the selection and placement process used by
the nine AAAS Science and Technology Policy Fellowships Programs.  Al-
though the selection process varies somewhat among programs, they all
screen the applications through an informal peer-review mechanism in-
volving former fellows.  The peer-review process leads to an initial cut in
the applicant pool.  Selection committees of relevant experts who are famil-
iar with the program and with science and technology policy then meet to
determine which applicants are invited to Washington, DC, for interviews.
In most programs, these committees meet again to determine which candi-
dates are eligible to become fellows.  The placement is decided through
interviews between the fellows thus selected and the offices that have ex-
pressed an interest in hosting a fellow, and the AAAS assists the fellows in
finding a suitable placement.

Mentoring and Leadership Preparation

If the fellows are to be effective teachers and leaders in K-12 education,
they will need to be knowledgeable about and comfortable with this system’s
customs and values.  A key to this acculturation process—as well as a valu-
able teaching method—is through mentoring.  This type of support can
provide experience, advice, and feedback on everything from lesson plans
and accommodating parents to understanding and working with boards of
education or museum docents.
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3 The PhDs might conduct research in the areas identified in Chapter 3 as being critical
to their success as K-12 educators.  The topics are pedagogical content knowledge, pedagogy,
context and diversity, classroom management, and schooling.

Participants at the committee’s workshop identified three general types
of mentoring that they suggested would be valuable to fellows:

• transitional mentoring, involving general issues common to all fel-
lows in the program (e.g., understanding different value systems, acquiring
pedagogical skills);

• navigational mentoring, involving day-to-day issues that are relevant
to the fellows’ local environment (e.g., accessing local resources, dealing
with the parent organization); and

• developmental mentoring, involving individual professional devel-
opment (e.g., building a network of colleagues, developing leadership and
classroom management skills).

The participants were assuming that the demonstration program would
have both national and local components and suggested that all partners
have a role to play in providing mentoring.  In particular, they thought that
the national program should play the major role in providing transitional
mentoring, the school district should provide navigational mentoring, and
that other partners (e.g., universities, museums) should take the lead in
providing developmental mentoring.  They also indicated that it is most
important for every fellow to have a mentor in the form of a master teacher
who is on site every day and would be involved in all three levels of
mentoring.

The committee believes that the fellows should be expected to contrib-
ute to K-12 educational scholarship3  in ways that demonstrate a new kind
of leadership in the classroom and help build the standards-based infra-
structure.  There are two distinct concepts denoted by the word “leader-
ship.”  In its hierarchical form, leadership is conferred upon people who
occupy particular positions in an organization, such as school principals or
university deans.  Although it is anticipated that some of the fellows may
ultimately occupy a variety of positions in the K-12 educational system, it
is likely that others will remain in the classroom for their entire careers. The
other form of leadership refers to the actions of a group of people working
together to bring about change in a system toward common goals and
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values (see, e.g., Astin and Astin, 2000).  This is the type of leadership
preparation that the committee believes should be part of the demonstra-
tion program—building on the unique skills that PhDs possess so that they
may become effective leaders in improving standards-based K-12 science,
mathematics, and technology education for all students.  It would not be
targeted at developing future school principals, school district superinten-
dents, or other “leaders.”

STRUCTURE

Although the Phase I report of this project (NRC, 2000a) raised the
possibility of state programs, the committee concludes that the proposed
demonstration program should be a national one.  As discussed in Chap-
ters 2 and 3, both sides of the equation for which this program is de-
signed—the needs in K-12 science, mathematics, and technology educa-
tion, and the population of new and recent PhDs in science, mathematics,
and engineering—are national in scope.  In order to offer the most oppor-
tunities to both fellows and schools, a national program is needed.  The
committee also reiterates its belief that the problem deserves national at-
tention.

Other reasons for a national program concern economies of scale.  Re-
cruitment, including advertising, selection, and placement are all functions
that can be carried out more efficiently on a national basis.  Applicants can
apply to several different places for their preparation; institutions of higher
education and schools can choose from a national pool.  Having a national
program also means that there will be enough people in the same program
to make it possible to design an evaluation that can yield clear findings.

The committee envisions a program with 30-60 fellowships available
each year to sequential overlapping cohorts of PhDs for the duration of the
demonstration program.  The committee believes that 10 years is a reason-
able length of time for this demonstration program—to determine if it
really works, and at what cost.  The committee is aware that it may be
necessary to precede the demonstration program with a smaller initial pro-
gram—say, 10-15 fellows for four years—to show that there is sufficient
interest among PhDs and in the K-12 community to warrant the larger
effort.

There will have to be some kind of national structure to administer the
program.  That national structure may also serve as a convening mecha-
nism for the fellows—perhaps holding yearly or more frequent meetings so
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the fellows can share experiences and learn from each other, and engage in
leadership activities.  It may also be useful to have yearly meetings with
others involved in the program, for example, the mentors.  The detailed
structure of the proposed program will have to be developed in the next
phase of this project, with appropriate input from all the communities that
will be involved in the effort:  potential fellows, institutions of higher edu-
cation, schools, and master teachers.

FUNDING

The major program expense will be the $56,000 per year that the com-
mittee estimates to be required to support each fellow (see above).  To
estimate the administrative costs of the program, the committee looked
again at the AAAS fellowship programs, particularly the Congressional Fel-
lowship Program, and at the NRC Associateship Program.  In 2001, the
overall operating costs for the AAAS program were about $2,900 per fellow
plus $1,000-$3,000 per fellow for the selection process; in the NRC pro-
gram, the costs for both program administration and selection were about
$9,000 per associate (about 15-17 percent of the total costs).  Neither pro-
gram includes the type of national meeting that the committee believes
should be considered for this program, so the overall costs are likely to be
somewhat higher than the $5,000-$9,000 per person for the AAAS and
NRC programs.  The committee offers the figure of $11,000 as a rough
estimate; a more refined estimate will need to be developed in the detailed
program design.

Assuming that the first-year stipend and all administrative costs would
be supported at the national level, the cost for each fellow would be $67,000
for the first year (covering all costs) and $14,000 for the second year (travel
and administrative costs).   The committee believes that the school, school
district, or state would cover the $35,000 stipend and $15,000 in benefits
for the fellows in their second year, when they will be working in local
settings.  Thus, for a yearly cohort of 30 fellows the cost of the first year of
the program would be a little more than $2 million; for a cohort of 60
fellows, a little more than $4 million.  For the second and subsequent years,
the national annual cost would be about $2,425,000 for 30 fellows per
cohort and about $4,850,000 for 60 fellows per cohort.

The committee expects that the institutions of higher education and
local schools and school districts will incur some costs related to designing
and conducting their parts of the fellowship program.  However, it is diffi-
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cult to estimate those costs because of the variety of ways those institutions
might design programs and because they may have similar programs al-
ready in place, which would reduce the costs of adding this program.  The
committee is assuming that these partners in the demonstration program
would contribute the necessary funding for their parts.

The committee also has not included in its estimate the costs of pro-
gram evaluation and administrative overhead.  Although these costs could
be significant, their magnitudes will depend upon the details of how the
demonstration program is implemented in Phase III.

At the committee’s workshop, participants suggested that support for
the demonstration program might come from a mix of federal, state, school
district, private foundation, and industry sources.  For example, founda-
tions might provide seed money or start-up money, while, as just noted,
states or school districts would be expected to support some local compo-
nents of the program.  One possible source of funding for the fellows’
stipends might come through a sponsorship by professional societies, as is
the case with the AAAS Science and Technology Policy Fellowship
Programs.

Because the proposed program is a national one, federal support would
likely be needed, and it would be appropriate, reflecting the national scope
of the issues.  Looking at similar programs supported by the National Sci-
ence Foundation (NSF), that agency might be a source of support for the
demonstration program.  Other federal agencies that have an important
interest in the issues being addressed are the National Institutes of Health
(NIH) and the Department of Education.  The three agencies, and perhaps
others, might work in collaboration on this program, which cuts across
areas of interest to all of them.

EVALUATION

Central to any demonstration program is its evaluation.  The findings
of studies of program evaluation make clear that an evaluation plan has to
be developed and implemented with the implementation of a demonstra-
tion program itself:  it cannot be tacked on later.  An evaluation plan must
also reflect the actual implementation of the program:  it cannot reflect
only the plan and design of the program.  Thus, the evaluation plan for the
committee’s proposed demonstration program must be designed as the de-
tails of the program are designed and then refined as the program is imple-
mented.
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The committee notes that several groups should be involved in the
development of the evaluation plan to ensure that it is appropriate for the
program and can be done.  They include the institutions of higher educa-
tion that will provide some preparation to the PhDs and the local schools
or school districts that are the setting for the teaching parts of the program.
Most important, an organization that has experience and proven compe-
tence in designing evaluation plans for K-12 educational programs should
be involved.

NEXT STEPS

This report marks the conclusion of the second phase of a project to
explore the possibilities and design of a demonstration program to attract
PhDs in science, mathematics, and engineering to careers in K-12 educa-
tion.  The twin goals of this project are to offer a challenging career oppor-
tunity to new and recent PhDs and to tap their unique talents to improve
the nation’s educational system.  The first phase showed that significant
numbers of PhDs would be interested in careers in K-12 education.  This
report considers how to simultaneously meet the needs and interests of the
PhDs and the nation’s schools, and it specifies some of the design criteria
for the demonstration program.

The program the committee proposes—a national 2-year fellowship
for new and recent PhDs—if carefully implemented and rigorously evalu-
ated, will provide clear evidence of its benefits and costs and can, if the
benefits outweigh the costs, guide the development of large-scale, long-
term efforts in this area.  It is clear that just having the distinguished fellow-
ship is not sufficient.  Careful implementation will involve strong connec-
tions with participating local schools and districts, as well as strong and
appropriate programs at the participating institutions of higher education
and continuing contacts among the fellows.  The proposed program carries
the expectation that a new community of educators will develop among the
fellows, who carry the cultures of both K-12 education and their disci-
plines, and so contribute to a high level of science, mathematics, and tech-
nology in K-12 education across the nation.  The committee strongly en-
dorses moving to Phase III of the project:  calling together potential funders
and program designers to implement the program.
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Appendix A
Executive Summary*

Attracting Science and Mathematics PhDs
to Secondary School Education

The United States is at a critical juncture in science and mathemat-
ics education.  The U.S. Department of Education has projected
that the nation’s school systems will need to hire more than two

million new teachers during the next decade.  Finding qualified teachers of
science and mathematics will pose a special challenge, as many school dis-
tricts already find it difficult to recruit science teachers.  This report exam-
ines whether recent Ph.D.s in science and mathematics might provide an
additional resource for helping to meet the nation’s need for qualified sec-
ondary school science and mathematics teachers in the coming years, while
creating valuable connections between U.S. schools and our vibrant science
and engineering communities.

BACKGROUND

The National Research Council (NRC) has been deeply involved in
the last decade in efforts to improve the science and mathematics education
of our nation’s schoolchildren.  The 1996 National Science Education Stan-
dards urged “changes in what students are taught, in how their performance
is assessed, in how teachers are educated and keep pace, and in the relation-
ship between schools and the rest of the community—including the nation’s

*Can be found at http://www.nap.edu/catalog/9955.html.
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scientists and engineers.”  It also emphasized the importance of  “a new way
of teaching and learning about science that reflects how science is done,
emphasizing inquiry as a way of achieving knowledge and understanding
about the world.”

The NRC has followed the publication of the Standards with addi-
tional studies and programs that further explore key aspects of their imple-
mentation.  In early 1999 the NRC launched a three-phase project to ex-
plore the feasibility of attracting scientifically trained Ph.D.s to positions in
secondary school education as a possible mechanism to help improve sci-
ence and mathematics education.

In launching this project the NRC assumed that Ph.D. training with
its strong emphasis on experimental evaluation, quantitative approaches
and mathematical content could potentially make a meaningful contribu-
tion to the implementation of an inquiry-based learning environment. Also,
due to the large number of Ph.D.s who have experienced difficulty recently
moving out of postdoctoral positions—especially in the life sciences—the
nation has an unusual opportunity to attract these Ph.D.s to America’s
secondary school classrooms.  Most Ph.D.s are well suited to the research
careers they have chosen and should continue to pursue them.  Yet there are
many Ph.D.s whose training, personalities, and outlook would make them
ideal candidates for secondary school teaching positions.

There are, of course, a number of potential obstacles to Ph.D.s taking
secondary school teaching positions.  These include the willingness of
Ph.D.s to take education courses and obtain certification; the attitudes of
professors, colleagues, mentors, high school principals, and other second-
ary school teachers; the potential opposition of teachers’ unions; salary lev-
els, and others.  The purpose of the first phase of the project was to evaluate
the possibilities and obstacles and to recommend possible incentives to over-
come them.

SCOPE OF STUDY

The NRC project to attract science and mathematics Ph.D.s to sec-
ondary education was organized into three phases. The first phase was de-
signed to tell us whether there was any interest among Ph.D.s in becoming
secondary school teachers and, if so, what incentives states and school dis-
tricts might use to attract them.  This report summarizes the findings from
these investigations, with suggestions to the committee overseeing phase
two.
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Phase two will use information gained from phase one and other infor-
mation sources to help design state-based demonstration programs to at-
tract science and mathematics Ph.D.s to positions in K-12 education.  Phase
three will implement demonstration programs to place Ph.D.s in class-
rooms and possibly other educational positions in several test states.  Phase
three will also include an evaluation component to determine the effective-
ness of the recruitment effort, as well as the potential benefits to the chil-
dren taught by Ph.D. teachers.

The charge to the phase one committee was very narrowly directed.
We were asked to determine (1) the likelihood that science and mathemat-
ics Ph.D.s could be attracted to secondary education, and (2) what special
incentives might be useful for states, school districts, and others to attract
Ph.D.s to such positions.  The committee was not asked to examine or to
substantiate the premises that underlie this project, nor was it charged with
implementing its findings. Moreover, it was not charged with assessing the
potential benefits of placing science and mathematics Ph.D.s in secondary
school teaching.  These suggested benefits and their cost should be made
explicit and carefully evaluated by the phase-two study committee.  The
charge for the phase one committee was primarily to provide information
to the committee overseeing the second phase of the project as it deliberates
how demonstration programs might be designed.

METHODS OF STUDY

To meet its charge, the committee investigated the career ambitions of
Ph.D.s in the physical sciences, life sciences, and mathematics, and their
willingness to take positions in secondary science and mathematics educa-
tion under a variety of hypothetical conditions.  Through focus groups and
a national survey of graduate students and postdoctoral fellows, the com-
mittee investigated how teacher preparation programs, work conditions,
and compensation packages could be modified to attract Ph.D.s to second-
ary school science and mathematics education.

In addition, the committee interviewed high school and magnet school
principals, school district superintendents, state education policy makers,
and graduate school deans to identify obstacles in the way of Ph.D.s taking
secondary school positions as well as programmatic changes that could be
used to attract Ph.D.s to secondary science and mathematics education.
The committee also conducted interviews with Ph.D.s already working in
secondary education to understand any barriers they had to overcome in
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taking these positions and their experiences in the secondary school envi-
ronment.  Committee members included experts in the life sciences and
physical sciences, labor economics, graduate education, secondary school
science teaching, teacher preparation, and partnerships between higher edu-
cation and K-12 education institutions.

FINDINGS

Interest in Secondary Teaching

Based on our survey results, a large enough number of Ph.D.s appear
to be sufficiently interested in secondary education for the NRC to explore
a program to attract Ph.D.s to secondary school teaching positions.  How-
ever, we cannot estimate the exact percentage of Ph.D.s who might ulti-
mately consider secondary school teaching as a career.  As with any career
choice, this would depend on the specific incentives offered and the alter-
natives available at the time of choice.  Our survey results demonstrate that
potential interest in careers in secondary school science and mathematics
education is much higher than the 0.8 percent of Ph.D.s who currently
work in K-12 education. The interest is high enough, we believe, to justify
the development of demonstration programs to test the feasibility of this
career alternative.  This group of highly trained and knowledgeable indi-
viduals is potentially a valuable resource for secondary school science and
mathematics education.

Respondents to our survey have typically considered at least four dif-
ferent options in contemplating their career futures; however, at least 36
percent of respondents have considered secondary school teaching or other
secondary education positions in their career decision-making.  Respon-
dents who were still in graduate school, female, or U.S. citizens were the
most open to considering a career in secondary education.  Chemists, with
strong career options in industry, were less likely than respondents in the
biological sciences, physics, and mathematics to consider secondary teach-
ing positions.

Challenges and Possibilities

Given our survey results, a key question that a project designed to
attract Ph.D.s to secondary school teaching must address is why, if up to 36
percent of science and mathematics Ph.D.s have considered secondary
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teaching careers, less than 1 percent are currently employed by K-12 educa-
tional institutions.  We found that Ph.D.s have many negative perceptions
about secondary school education that mitigate against their considering
secondary school teaching positions.  They perceive a lack of status and
respect as teachers, poor classroom laboratory facilities, too many students
in classrooms, structured curricula with little opportunity for creativity,
possible conflicts with non-Ph.D. teachers, and student discipline prob-
lems.  They also often perceive little value in education courses and see
teacher certification as a barrier that is difficult to overcome.  Low salary
expectations for teaching in comparison to other careers also present a sig-
nificant disincentive.

Stereotypes about Ph.D.s both in the secondary schools and in the
universities create obstacles.  For example, many school administrators ar-
gue that Ph.D.s may have good content knowledge, but do not have neces-
sary pedagogical skills or cannot relate to secondary school students.  In
addition many university faculty do not promote non-academic careers for
Ph.D.s, much less careers in secondary school education.  Indeed, graduate
students typically aspire to positions in academic science and mathematics
similar to those of their mentors, and the socialization process in graduate
school strongly reinforces this career path.

Given these challenges, what do we, the phase one committee, believe
is necessary for success?  First, a program to attract Ph.D.s to secondary
school teaching must combat negative perceptions about the secondary
school environment.  A first step would be to recruit Ph.D.s for whom the
perceived positives outweigh the negatives.  This may not be so difficult.
While many participants in our focus groups held negative perceptions,
many also held a number of positive perceptions, which included attractive
working hours, a work schedule similar to their children’s school day, and
time for research or other activities during the summer.  Many also believed
they would enjoy the opportunity to foster the scientific interests of young
people.  Differences among focus group participants about whether they
would prefer to teach at regular public high schools or science and technol-
ogy magnet schools suggest that flexibility vis-à-vis these preferences will be
important if we want to attract Ph.D.s to teaching.

Our interviews with Ph.D. teachers and school administrators indi-
cated that negative stereotypes about Ph.D.s as teachers are widespread, but
have not posed obstacles to all Ph.D.s who have actually become teachers.
In practice, only a minority of the Ph.D. teachers we spoke with had en-
countered resistance from school administrators or teachers.  We also found
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that only a minority of the teachers we interviewed faced active disregard
from colleagues and mentors after announcing a decision to take a second-
ary school position.  We suggest that focusing on those states, school dis-
tricts, schools, and graduate institutions where individuals—faculty and
administrators—are most supportive of secondary school education as a
potential career path for Ph.D.s would provide the most fertile ground for
the demonstration projects.

We learned that those who select a secondary school teaching career
should first assess their own personalities, interests, and skills.  Those who
will succeed and find fulfillment in secondary school education will be
those who love teaching and enjoy helping students learn and achieve.
Ph.D. teachers told us that for them the love of teaching and the enjoy-
ment they get from working with children helps compensate for the higher
salaries they could command in other science and mathematics careers.
They also told us that preparation in educational pedagogy is essential,
even for Ph.D.s, and that certification is an important outward sign of
professional acceptance.  Finally, it appears important that Ph.D.s contem-
plating teaching should have had some prior relevant experience and edu-
cation to help them determine whether a teaching career is right for them.

Our data suggest that Ph.D.s can be attracted to secondary school
education through programs that address their needs and interests and that
help sustain them as teachers. Our survey presented graduate students and
recent Ph.D.s with a number of scenarios, under which they were asked if
they would consider secondary school science or mathematics teaching.
Respondents indicated that they would be attracted by a fellowship pro-
gram that provided training, placement, opportunities for networking with
peers and that would cover their living expenses during the training period.
They were strongly disinclined to undergo a normal full certification for
teaching, but were quite amenable to an accelerated program. They were
also interested in receiving mentoring during their classroom training. The
potential availability of better resources for science education in the class-
room and of better salaries were also of considerable interest to our survey
respondents.

Other incentives that would serve to attract Ph.D.s to teaching careers
would be access to a regional- or university-based science teaching resource
center that provided science kits, loaned laboratory equipment, and orga-
nized field opportunities for science experiments in which students could
participate.  Many Ph.D.s would like to continue their involvement in
science in some way.  Our survey respondents who said they would con-
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sider secondary school careers indicated that funding for summer research
opportunities and for attendance at professional meetings during the school
year is very appealing to them.

Although many survey respondents say they would be unwilling to
make more than an initial two-year commitment to secondary school edu-
cation this should not be seen as limiting any activity designed to attract
Ph.D.s to such positions.  We believe it important first to recruit Ph.D.s to
secondary education and then to work to retain them, as any industry tries
to retain its valued employees.  We anticipate that some of these individuals
will discover their love for teaching children and remain in the program far
beyond the initial two-year commitment.  Among incentives for retention
might be special training opportunities that would facilitate career options
in K-12 leadership roles.

GUIDANCE FOR DEMONSTRATION PROGRAMS

As a next step, we recommend that the NRC continue to explore the
development of demonstration programs. We recommend that the com-
mittee overseeing the second phase of the NRC’s project on attracting
Ph.D.s to secondary science and mathematics education convene a work-
shop consisting of stakeholders in secondary school and postsecondary sci-
ence and mathematics education to discuss in detail how demonstration
programs might be structured.  Based on the findings of the phase one
study, we urge the committee overseeing phase two to consider the follow-
ing programmatic features for demonstrations programs.

ORGANIZATION OF DEMONSTRATION PROGRAMS

State Demonstration Programs.  The committee overseeing the sec-
ond phase of this project should consider developing demonstration pro-
grams in cooperation with a small number of interested states.  State gov-
ernments should organize these demonstration programs because states play
a stronger role than the federal government in education in the United
States and can potentially bring more resources to bear than can local school
districts.  States may also develop their demonstration programs to fit their
own educational and human resources needs.

Selection and Placement of Ph.D.s for Teaching Positions.  The
committee recognized that particular care must be taken in selecting Ph.D.s
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to participate in these demonstration programs.  The selection process
should identify individuals who have strong knowledge of their subject
matter, a demonstrated interest in secondary school science and mathemat-
ics education, and personal characteristics appropriate to the secondary
school education environment.

Drawing from survey results, the committee suggests that state dem-
onstration programs place and support Ph.D.s in a variety of secondary
school education positions, including teaching positions in regular public
secondary schools and science and technology magnet schools, as appropri-
ate to the needs of the state.  States should consider regional clustering of
Ph.D.s in their demonstration programs to facilitate networking, to opti-
mize use of laboratory and science teaching resources, and to forge links
between demonstration programs and university education science depart-
ments.

Role of Postsecondary Institutions.  The phase two committee
should consider designing demonstration programs that have strong link-
ages to science and mathematics programs at colleges and universities in
their states, piggybacking on any existing partnership programs.  Colleges
and universities could facilitate the recruitment and preparation of Ph.D.s
for secondary school teaching and provide opportunities for classroom and
secondary school experience for Ph.D.s interested in applying to the dem-
onstration programs.  They could also serve as venues for special workshops
and meetings for Ph.D. teachers during the school year as part of a demon-
stration program in a given state.  Finally, they could provide resources to
support secondary school science and mathematics education.

Evaluation.  Finally, we suggest that any demonstration program de-
signed by the phase two committee include an evaluation component, to
be implemented simultaneously with the demonstrations.  The evaluation
plan should address the feasibility of placing science and mathematics
Ph.D.s in secondary school teaching, assessing the process of implementing
such a program, and conducting an outcome evaluation based on measur-
able goals. A cross-site evaluation of the state demonstration programs,
including their means for recruiting, placing, and supporting Ph.D.s in
secondary school teaching, would inform other states considering similar
programs.
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PEDAGOGICAL SKILLS AND TEACHING RESOURCES

Education Courses and Certification.  We strongly support the de-
velopment of education courses and a teacher certification process tailored
to the experiences and needs of Ph.D. scientists and mathematicians.  In-
terviews with administrators and Ph.D. teachers indicated that education
courses provide teachers with important pedagogical knowledge and that
certification is an important step in establishing oneself as a teacher. We
strongly agree.  As a practical matter, however, courses leading to certifica-
tion are not likely to be attractive to this population unless they can be
accomplished in a fairly compressed manner.  We found that 44 percent of
our survey respondents and more than two-thirds of those who had previ-
ously considered teaching careers indicated that they would consider teach-
ing positions if they could receive their main training prior to beginning
teaching by taking an intensive summer course in education.  The percent-
age who would consider teaching if the period of time were increased to
one year dropped precipitously to just 14 percent overall and 22 percent for
those who had previously considered teaching.  Ph.D. teachers we inter-
viewed indicated that they believed a streamlined course in educational
theory and practice leading to certification could be developed for Ph.D.s.

We suggest that the state demonstration programs being designed by
the phase two committee provide Ph.D.s with an intensive summer pro-
gram in educational theory and practice as part of a process by which Ph.D.s
could obtain teaching certification in an accelerated manner and should
fund participants during this summer program. The summer program
should focus on educational psychology, pedagogy, and pedagogical con-
tent knowledge.

Mentoring and Other Resources.  Our survey clearly indicated that
Ph.D.s would be more likely to consider teaching positions if they were
mentored. The committee suggests that states should consider the selection
and appointment of master teachers to serve as mentors to Ph.D.s partici-
pating in the demonstration programs.  Providing mentors may add pro-
grammatic costs if states provide additional compensation to mentors, but
the availability of mentors could be an important part of any program to
introduce Ph.D.s to teaching careers.

We also found that 52 percent of survey respondents and three-quar-
ters of respondents who had previously considered teaching, would con-
sider a secondary school teaching career if they received support from a
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regional- or university-based science resource center that provided science
kits and loaned equipment or a partnership with an university.  The com-
mittee overseeing the second phase of this project should work with states
to determine whether the development of such science teaching resource
centers would be a feasible component of state demonstration programs.

Future Positions for Ph.D.s.  Ph.D.s could eventually contribute not
only as teachers in the classroom, but also as leaders in other K-12 science
and mathematics education positions. There was considerable interest
among our survey respondents in providing professional development (e.g.
teaching science or mathematics teachers), in becoming a science or math-
ematics specialist for a school district, in working in a university- or indus-
try-based science educational partnership, or in serving as a science special-
ist in a science resource center.  To a lesser degree, there was also interest in
curriculum development or work in a science museum, environmental sci-
ence center, or similar institution.  While Ph.D.s could eventually contrib-
ute as leaders in K-12 science and mathematics education through these
positions, we believe that it is essential for them to have secondary school
teaching experience first.

Incentives

The survey identified a number of incentives that respondents indi-
cated would favorably effect their consideration of taking a position in
secondary school teaching.

National Fellowship Program.  Two-thirds of our survey respondents
and almost 90 percent of respondents who had previously considered sec-
ondary school careers would consider taking a position as a secondary
school teacher if they were awarded a fellowship that provided training,
placement, and special opportunities for networking with peers, and cov-
ered living expenses during the training period.  Given the potential such a
fellowship might have for attracting Ph.D.s to secondary school teaching,
the phase two committee should consider ways in which a fellowship pro-
gram might be established and administered by a prestigious national
agency or organization.  The national program, instituted in cooperation
with the states, could select and train fellows, fund them during their train-
ing, and provide an on-going opportunity for networking with peers.
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A program that is national in scope could potentially attract resources
from national sources, draw applicants from across the country, and serve
as a catalyst for the state demonstration programs. A prestigious fellowship
program would attract applicants who might not otherwise consider sec-
ondary school positions and produce a cohort of science and mathematics
teachers who could conceivably change the way science and mathematics
are taught.  The potential downside to a “prestigious” fellowship for Ph.D.
teachers is that it might adversely differentiate them from the population of
teachers we want them to join.  We also recognize that the establishment of
a national fellowship program would increase costs.

Compensation.  Survey respondents recognized that salaries for sec-
ondary school teaching were lower than for other career options.  Still, the
average starting salary for teachers anticipated by graduate students and
Ph.D.s in our survey—$37,400—is within the range of starting salaries
offered to Ph.D. teachers by school districts, albeit at the high end of the
range.  We believe that states and school districts will need to demonstrate a
strong financial commitment to the program for it to succeed by supple-
menting Ph.D. salaries.  This might be done by providing stipends for
attendance at scientific meetings and for other activities related to the pro-
fessional development of the Ph.D.s and the benefit of their students.

We asked our survey respondents if they would consider a secondary
school teaching position if they were guaranteed a two-year postdoctoral
research fellowship at the end of a two-year teaching position, or if one year
of their student loans were forgiven for each year of employment in a full-
time teaching position.  Given the low favorable response to these scenarios
and the additional cost burden that they would place on a national pro-
gram, we do not recommend that such incentives be offered as part of a
national fellows program.

Peer Networking.  Survey respondents indicated that, as teachers, they
would welcome the opportunity to continue to network with their profes-
sional peers.  Those surveyed responded very positively to consideration of
teaching if they were provided opportunities for networking with peers.  A
fellowship program could include, among other devices, an annual meeting
of fellows; participating states should also consider a regional clustering of
Ph.D.s to facilitate networking opportunities.
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Connections with the Larger Scientific Community.  In designing
state demonstration programs the phase two committee should consider
providing opportunities for interactions between Ph.D. teachers and the
scientific community in academia and industry.  Respondents were very
likely to consider teaching if they were given funding and time to attend at
least one scientific meeting during the school year.  We also found that
respondents would consider teaching if they were guaranteed a summer
fellowship, with travel expenses, in a research laboratory.  The phase two
committee should consider how states could develop links to universities
and businesses to provide summer research opportunities for Ph.D.s, as
they already do for science teachers in some states.  Finally, the scientific
community will need to provide these Ph.D.s with support and treat them
as colleagues throughout their careers.
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Appendix B
Agenda and Participants

Workshop on Attracting PhDs in
Science and Mathematics to
Careers in K-12 Education

AGENDA
Aljoya Conference Center

Seattle, Washington
 June 2-4, 2000

FRIDAY JUNE 2, 2000

5:15 pm Welcome M. Patricia Morse

5:20 pm Introduction Bruce Alberts

5:30 pm Introduction of M. Patricia Morse
Committee Members Kevin Aylesworth
and Logistics

7:30 pm Overview of M. Patricia Morse
Committee Charge

8:00 pm Data from the Phase 1 N. Ronald Morris
Committee on Attracting
Science and Mathematics
Ph.D.s to Secondary School Teaching
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SATURDAY JUNE 3, 2000

Morning Session

8:30 am Introduction to Agenda, logistics M. Patricia Morse
Kevin Aylesworth

8:45 am TOPIC 1.  Postdoctoral K-12 Career
Pathways – One major speaker and
two panel respondents. (Moderator: Kristina Peterson)

Nancy Hutchison
Stephanie Shipp
David Vannier

10:00 am TOPIC 2.  Learning, Teaching, Pedagogy and the
Discipline – Postdoctoral Experiences for the K-12
Education Environment – One major speaker and
two panel respondents.  (Moderator: Vicki Jacobs)

Ellen Doris
Gerhard Salinger
Mary Long

11:15 am Breakout Groups on Topic 1 and Topic 2

BREAKOUT TOPIC 1.
Career Pathways in the Schools
(Moderator: N. Ronald Morris)
Career Pathways Informal Venues
(Moderator: Myles Gordon)

BREAKOUT TOPIC 2
Ingredients for “Content” (Moderator: Kimberley Tanner)
Ingredients for “Content” (Moderator: Margaret Cozzens)
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Afternoon Session

1:30 pm TOPIC 3.  State Opportunities and the Infrastructure –
One major speaker and two panel respondents.
(Moderator, David Kennedy)

Michael McKibbin
Calvin Frazier
Francis Eberle

3:00 pm Breakout Groups – TOPIC 3.

Needs of States - Collaborations
(Moderator: David Kennedy)
Certification and Employment Issues
(Moderator: Maureen Schifflet)
Practicum and Mentoring Issues in States
(Moderator: Arthur Eisenkraft)
Internships and Summers, Year 2 – State Concerns
(Moderator: Danine Ezell)

4:00 pm Synthesis Plenary Session

6:00 pm Bus to Pacific Science Center

Reception, Pacific Science Center

SUNDAY JUNE 4, 2000

8:30 am Summary of Day One Outcomes M. Patricia Morse

9:00 am Breakout Sessions:

1. Filling in the Visions—Issues and Concerns—
Where Are We Now?
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• Cohort I.  State Structures – frameworks (Moderator: Myles Gordon)
➣ What partnerships with colleges or universities?
➣ What formal and informal opportunities for paid positions?
➣ Needs of states.
➣ What needs to be in place?

• Cohort II.  District/School - teacher mentoring – within states
(Moderator: Kristina Peterson)
➣ What will be the structure in schools?
➣ What are appropriate state/university interactions with their cohort

of say 5-10 students?
➣ What are the rewards for the district master teacher mentor?

• Cohort III.  Format of Certification Year  (Moderator: Emily
Feistritzer)
➣ Bring cohort together nationally?  How might that be done?
➣ State /university partnerships for postdoctoral K-12 mathematics

and science pedagogy
➣ Issues of collaboration between science disciplines and education

colleges
➣ Are there many ways to certification? Are some more suitable for

postdoctoral students? How can that be addressed?

• Cohort IV.  Disciplines and Discipline-based Pedagogies – what is
needed and when? (Moderators: Vicki Jacobs and Margaret Cozzens)
➣ Mathematics (Moderator: Eric Robinson)
➣ Biology/life sciences (Moderator: Angelo Collins)
➣ Physical sciences and earth sciences (Moderator: James Stith)

10:00 am  Coffee Break

10:30 am Breakout Sessions (continued)

2. Filling in the Visions –  Guidance for constructing
template(s) around topic

11:30 am Plenary Reports from three cohorts above
15 minute report from each cohort and general discussion
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2:00 pm Breakout Sessions

3. Filling in the Visions –  Issues & templates

• Cohort V.  The National Cohort – details and outcomes
Recruitment Procedures (Moderator: Danine Ezell)
➣ Areas
➣ Diversity
➣ Years from doctorate
➣ Balance  in cohort
➣ Meeting as a whole – a national college of teacher scholars

• Cohort VI.  Meeting the Need to Stay Connected to Research
(Moderator: Maynard Olson)
➣ How does the postdoc maintain ties with the discipline?
➣ Research in teaching the content?
➣ Professional societies – delivering scholarly education papers
➣ Summer internships – in discipline research

• Cohort VII.  Science Discipline Connections and Mentoring
(Moderator:  James Stith)
➣ National discipline mentors
➣ Role of discipline societies
➣ Role of education societies
➣ Role and expectations of postdoctoral students  at national level

• Cohort VIII.  Financial and other Support Considerations
(Moderator: MargaretCozzens)

➣ What are the needs?
➣ How might local, state and national groups participate?
➣ How might this be approached?

3:15 pm Plenary Session Reports of Cohorts
Final Thoughts and Future Directions M. Patricia Morse

5:00 pm Adjourn
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PARTICIPANTS

Sigmund Abeles, Project Director, Connecticut Academy Science
Assessment Project, Connecticut Academy for Education in
Mathematics, Science and Technology, Inc., CT

Howard Adams, H. G. Adams & Associates, Inc. Marietta, GA
Kevin Aylesworth, Senior Program Officer, National Research Council,

Center for Education, Washington, DC
Marilyn Baker, Associate Executive Director of the Office of Scientific

and Engineering Personnel (OSEP), National Research Council,
Washington, DC

Joan Baratz-Snowden, Director of Education Issues Department,
American Federation of Teachers, Washington, DC

James Bishop, Associate Professor, Ohio State University, School of
Teaching and Learning, Columbus, OH

Dana Riley Black, Associate Director, University of Washington, K-12
Institute for Science, Math, and Technology Education, Seattle, WA

Elizabeth Chatman, Academic Coordinator, University of California,
San Francisco, Science & Health Education Partnership, San
Francisco, CA

Angelo Collins, Professor of Science Education, Vanderbilt
University, TN

Margaret Cozzens, Vice Chancellor for Academic and Student Affairs,
University of Colorado, Denver

Tom DeVries, Science Teacher, Vashon Island High School, Burton, WA
Diane Doe, Teacher, San Franciso, CA
Ellen Doris, Author, Doing What Scientists Do: Children Learn to

Investigate Their World, Colrain, MA
Helen Doyle, Program Officer, The David and Lucile Packard

Foundation, Los Altos, CA
Francis Eberle, Executive Director, Maine Mathematics and Science

Alliance, Augusta, ME
Karin P. Egan, Program Officer, Carnegie Corporation of New York,

Education Division, New York, NY
Arthur Eisenkraft, President, National Science Teaching Association,

Arlington, VA; Bedford Public Schools, Bedford, NY
Danine  Long Ezell, Science Teacher, The Preuss School UCSD,

La Jolla, CA
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Emily Feistritzer, President, Center for Education Information,
Washington, DC

Calvin M. Frazier, Commissioner of Education, State of Colorado
(retired)

Maria Lopez Freeman, Executive Co-Director, State of California,
California Science Project, Monterey Park, CA

Bruce Fuchs, Director, National Institutes of Health, Office of Science
Education, Rockville, MD

Myles Gordon, Director of Education, American Museum of Natural
History, New York, NY

Leslie Guterman, Elementary School Science Specialist, Fremont, CA
Terry Holmer, Senior Project Assistant, National Research Council,

Washington, DC
Leroy E. Hood, Gates Professor and Chair, University of Washington,

Molecular Biotechnology, Seattle, WA
Richard Hudson, Executive Producer for Science, KTCA, St. Paul, MN
Nancy Hutchison, Hutch Lab, Fred Hutchinson Cancer Research

Center, Seattle, WA
Vicki Jacobs, Associate Director, Harvard Graduate School of Education,

Harvard Teacher Education Programs, Cambridge, MA
David Kennedy, Director, Instructional Design, Washington State Board

of Education, Olympia, WA
Carole Kubota, University of Washington at Bothell, Department of

Education, Bothell, WA
Valerie Logan, Outreach Education, Molecular Biotechnology,

University of Washington, Seattle, WA
Mary Long, Coordinator of Uteach, University of Texas, Austin, Special

Projects Office, Austin, TX
Victoria May, Outreach Director, Washington University, Department of

Biology, St. Louis, MO
Michael McKibbin, Consultant, Commission on Teacher Credentialing,

Program Evaluation & Research, Sacramento, CA
N. Ronald Morris, Distinguished Professor of Pharmacology, Robert

Wood Johnson Medical School, Department of Pharmacology,
Piscataway, NJ

Carolyn Morse, Laboratories Manager/Teaching Labs, University of
North Carolina, Chapel Hill, Department of Chemistry,
Chapel Hill, NC
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M. Patricia Morse, Professor (Acting), Department of Zoology
University of Washington, Seattle, WA

Richard O’Grady, Executive Director, American Institute of Biological
Sciences , Washington, DC

Maynard V. Olson, Professor, Genome Center, University of
Washington, Seattle, WA

Karen Peterson, Continuing Education Coordinator, University of
Washington, Astronomy Department, Seattle, WA

Kristina Peterson, Chemistry and Biology Teacher, Lakeside School,
Seattle, WA

George Reinhart,  Program Officer, Office of Scientific and Engineering
Personnel (OSEP), National Research Council, Washington, DC

Eric Robinson, Associate Professor and Director of COMPASS, Ithaca
College, Department of Mathematics and Computer Science,
Ithaca, NY

Karolyn Rohr, Coordinator, Resident Teacher Program, Montgomery
County Public Schools, Department of Human Resources,
Rockville, MD

Joan Rothenberg, Office of Congressman Rush Holt, Washington, DC
Gerhard Salinger, Program Director, Division of Elementary,

Secondary, and Informal Education, National Science Foundation,
Arlington, VA

Dennis Schatz, Associate Director of Education, Pacific Science Center,
Seattle, WA

Maureen Shiflett, Education Consultant, Buena Park, CA
Ray Shiflett, Professor of Mathematics, California Polytechnic

University, Pomona, CA
Stephanie Shipp, Research Associate/Faculty Lecturer, Rice University,

Department of Geology and Geophysics MS126, Houston, TX
Mary Grace Snyder, Coordinator, Resident Teacher Program,

Montgomery County Public Schools, Department of Human
Resources, Rockville, MD

James H. Stith, Director of Physics Programs, American Institute of
Physics, College Park, MD

Gerald M. Stokes, Associate Lab Director, Environmental and Health
Science Division, Battelle, Pacific Northwest National Lab,
Richland, WA
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Kimberley Tanner, Post doc in Science Education, University of
California, San Francisco, Science and Health Partnership, San
Francisco, CA

Jan Tuomi, Science Consultant, Eisenhower Regional Consortium,
Denver, CO

David Vannier, American Associaton for the Advancement of Science/
National Science Foundation Science and Engineering Fellow,
Arlington, VA
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Appendix C

Nontraditional K-12 Teacher
Preparation Programs

This appendix describes three programs that offer nontraditional
ways for both college students and midcareer professionals to be-
come K-12 teachers:  UTeach, at the University of Texas at Austin,

the midcareer math and science program at the Harvard Graduate School
of Education, and Teach for America.  This appendix discusses their his-
tory, candidate selection process, and some other features.  As noted in
Chapter 3, none of these is a program to train new and recent PhDs for K-
12 teaching, but they do offer ideas about approaches to consider in de-
signing a program for potential teachers.

UTEACH

History and Goals

UTeach is an innovative program at the University of Texas at Austin
that prepares science and mathematics majors to teach in secondary schools
(see http://www.uteach.utexas.edu).  The program, which began in fall
1997 with 28 students, involves a partnership of the College of Natural
Sciences, the College of Education, and the local school district.

The program was developed after the dean of the College of Natural
Sciences, in response to the national shortage of highly qualified science
and mathematics teachers, surveyed students in the college.  The college
has an enrollment of more than 8,000 students majoring in science, math-
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ematics, or computer science.  The results revealed that more than one-
third of the students had considered teaching as a career, although only
small numbers of students were pursuing teaching certification from the
university during the 1990s.  Concerned that this potential population of
future teachers was not being tapped, the dean called on three outstanding
secondary school teachers from the local school district and an assessment
expert to propose an ideal teacher training program in science and math-
ematics.  During the summer of 1997, this group developed a framework
for a 4-year course of study, taking into account university regulations, and
paying close attention to recently modified state and national guidelines.
This plan was reviewed by interested professors and deans in both the Col-
lege of Natural Sciences and the College of Education and also sent to
education leaders across the state and representatives of the State Board for
Educator Certification for their review and input.

The document that resulted was a blueprint for UTeach.  It featured
early guided field experience, graduation in 4 years with a degree from the
College of Natural Sciences and a recommendation for state certification
from the College of Education.  The program is based on a three-fold part-
nership, drawing on the experience of master teachers from the school dis-
trict, the instructional and curricular knowledge of faculty in the College of
Education, and the content-area strength of scientists and mathematicians
in the College of Natural Sciences.  The UTeach Program is designed to be
flexible and to accommodate diverse student schedules.

Candidate Selection and Enrollment

A distinctive feature of the UTeach Program is that it does not have a
formal selection process.  The nature of the program’s first year is to en-
courage all mathematics and science majors at the University of Texas at
Austin to explore whether the teaching profession is a career option for
them.  The College of Natural Sciences invites freshmen, sophomores, jun-
iors, and seniors to join the program, and it offers free tuition for the first
two, 1-hour courses.  To the extent that the university capacity allows, it
admits a select group of post baccalaureates into the program.

In spring 2001 there were 280 students in the program, and the first
major group of 35 students graduated in May 2001.  UTeach is one of the
largest programs of this type at any research university in the country:  Its
enrollment by fall 2001 was expected to be more than 300, and it is pro-
jected that the following year the program will reach a steady state of about
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500 students a year.  This means that the university will produce about 100
new mathematics and science teachers each year.

Classroom Teaching Experiences

In accordance with new national guidelines for teacher preparation
that recommend early field-based experience, UTeach students enrolled in
the introductory Step classes begin carefully supervised classroom teaching
in local elementary school classrooms during their first semester in the pro-
gram.  Entering students begin with Step 1, the introductory field-based
course that places preservice teachers in elementary classrooms.  They then
move on to Step 2, the second field-based course that offers UTeach stu-
dents a chance to teach at the middle grade level.  Working with excellent
mentor teachers trained to supervise them with oral and written evalua-
tions, UTeach students are encouraged to discover as early as their fresh-
man year whether or not they are truly interested in teaching as a career.
The classroom practice is usually an exciting and positive experience that
raises the level of a student’s commitment to teaching.   This early field-
based experience is sustained throughout the course sequences, enabling
students to gain exposure to elementary, middle, and high school students
and to the diverse local population.

Field-based experiences take place primarily in inner-city schools with
high minority student populations with low socioeconomic status.  They
expose the UTeach students to the challenges of teaching in an urban set-
ting and to an awareness of the difference that enthusiastic teachers can
make to their students.  This arrangement expands the schools’ capacity to
meet the needs of disadvantaged children, and it encourages UTeach stu-
dents to pursue teaching jobs in high-need, inner-city settings.

Coursework

The College of Natural Sciences has developed 16 new degree plans
for UTeach that lead to undergraduate degrees in such specializations as
mathematics, computer sciences, biological sciences, chemistry, physics, as
well as Texas state certification for teaching secondary students.  Faculty in
the College of Education have developed a completely new set of profes-
sional development courses for UTeach.  In order to foster interdisciplinary
teaching in our students, students participate in professional development
courses together.  In contrast with a traditional menu of methods and ob-
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servation courses, the new professional development sequence is specifi-
cally focused on the challenges of learning secondary science and math-
ematics.  The courses give students a foundation in the theory of learning,
but they also challenge the students’ knowledge of science and mathematics
content areas.  The courses combine educational theory with practical ap-
plications, current instructional technologies, and field experiences.

Certification

Under current state guidelines, UTeach students are certified to teach
in grades 6–12.  Most of the students obtain composite certification, which
enables them to teach all of the science disciplines.  Starting in 2003, the
program will respond to new state categories for certification:  students will
obtain certification for grades 4–8 (middle school) or 8–12.  UTeach will
be expanded and modified to provide the middle grades certification op-
tion.

THE MIDCAREER MATH AND SCIENCE PROGRAM

History and Goals

Established in 1983, the Harvard Graduate School of Education’s
MidCareer Math and Science (MCMS) Program was designed to address
the shortage of well-qualified, secondary teachers in mathematics and the
sciences specifically by providing a venue for mid-career professionals from
non-educational but technically oriented fields to enter careers as second-
ary science and mathematics teachers.  (See http://www.gse.harvard.edu/
~admit/progs-edm-tac-overview.html for more information.) The program
is based on the premise that these new teachers can enrich secondary school
environments and curricula with knowledge and materials drawn from their
professional and practical experiences.  Over the years, the MCMS Pro-
gram has served as a national model for other universities and for state
legislatures to consider for adoption.

The objectives of the MidCareer Math and Science Program include:

• to attend to the condition of pre-collegiate math and science edu-
cation by crafting an innovative response to the need for qualified new
teachers and to the need for professional development of experienced pro-
fessionals;
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• to attract a generally underutilized labor pool—mid-career profes-
sionals—for the education our nation’s youth;

• to rekindle and revitalize an intense commitment, interest, and pride
in the work of practicing educators; and

• to provide an innovative model for other educational institutions
across the country to address the condition of secondary math and science
education.

In addition, the MidCareer Math and Science Program is designed
to address the larger goals of the Harvard Teacher Education Program,
including:

• to prepare teachers for the specific challenges of urban education
including providing high quality instruction for all students, addressing the
causes of unequal access in our educational system, and creating classrooms
and schools where previously unsuccessful students can succeed;

• to prepare teachers to facilitate students’ understandings and ca-
pacities to construct knowledge through a deep understanding of literacy
and to assume new leadership roles within schools by developing skills to
participate in organizational diagnosis and change leadership activities; and

• to demonstrate that teaching can be a life-long career with multiple
stages and aspects of growth typical of adult development by starting nov-
ice teachers on a path toward National Board Certification.

In carrying out these objectives, the MCMS Program works closely
with cooperating urban middle and high schools in preparing its candi-
dates for teaching.  Extensive fieldwork in secondary school classrooms is
the centerpiece of the graduate studies of MCMS candidates.  The MCMS
Program shares with HGSE a concern about the integration of practice and
theory, as well as of curricular design and pedagogy, combining field-based
experience with critical reflection on the nature and purposes of teaching
and learning.  In addition, MCMS supports it candidates in making use of
their previous professional experience to develop real-world applications in
secondary-school curriculum.

Candidates who successfully complete the MCMS Program receive a
masters in education and are eligible for middle- and/or secondary-school
certification in the Commonwealth of Massachusetts in the appropriate
content (i.e., biology, chemistry, earth science, general science, mathemat-
ics, or physics).  Since the inception of the MCMS Program during the
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1983-1984 academic year, it has graduated about 300 candidates.  The
diverse program participants have included a retired Rear Admiral; electri-
cal, computer, and civil engineers; biochemistry and microbiology special-
ists; physicists; statisticians; a meteorologist from the U.S. Weather Service;
NASA affiliates; bankers; members of the U.S. Diplomatic Corps; a veteri-
nary technician; and geologists.

Candidate Selection

To have been eligible for admissions to the program for 2001-2002,
applicants had to have completed a major in their chosen teaching field or
the equivalent of a major (having no more than two courses to fulfill to
meet Massachusetts’ subject-matter requirements).  They were required to
submit an application, all transcripts of post-secondary study, three refer-
ences, a personal statement (in response to questions specifically related to
teaching and learning), and scores on either the Graduate Record Exam or
the Miller Analogy Test (all of which are required for general admission to
the Harvard Graduate School of Education).  The Admissions Committee
was composed of faculty, current Harvard students, and practitioners.

Classroom Teaching Experiences

Extensive fieldwork in secondary school classrooms is the centerpiece
of the graduate studies of MCMS candidates.  MCMS candidates complete
their field-based requirements in a public high or middle school, working
with experienced, state-certified teachers in urban schools within the greater
Boston area that belong to Harvard’s Professional School Partnership.

For the 2001-2002 academic year, MCMS candidates completed a
minimum of a 75 clock-hour pre-practicum (observing, assisting, co-teach-
ing, and/or teaching) and a minimum of a 150 clock-hour practicum (un-
dertaking clearly defined, supervised instructional responsibility) to fulfill
requirements of provisional certification with advanced standing.  During
this time, the program also encouraged candidates to observe in other class-
rooms (both within and without their own departments) and in at least one
school that was substantially different from their own placement site.  In-
terns completed their pre-practica and practica requirements in the fall
term, enrolling, at the same time, in course work designed to address their
fieldwork experiences and to bridge theory and practice.

During the 2001-2002 academic year, MCMS candidates completed a
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spring-term, semester-long clinical experience (of at least 400 clock-hours)
to fulfill the field-based requirements for standard certification.  During
the clinical experience, candidates assumed teaching responsibility for the
equivalent of three 45-50 minute classes in their chosen area of certifica-
tion.  In addition, the program asked that candidates work with guidance
counselors, extra-curricular activities supervisors, and special-needs teach-
ers and consult with their Teacher Mentors on a regular basis.  During their
clinical experiences, candidates enrolled in a seminar designed to support
their systematic reflection on their implementation of curriculum, instruc-
tion, and assessment.

Coursework

MCMS candidates complete the equivalent of nine courses to fulfill
requirements for a masters in education and state certification.

Summer 2001
• “Adolescent Development and Identity Formation” (module)
• “Introduction to Teaching” (module)
• “Summer Practicum” (module)

Fall 2001
• “Equity and Education”
• “Teaching English, History/Social Studies, or Mathematics/Science”
• “Literacy and Learning” (module)
• One elective

Spring 2002
• “Teacher Leadership and Research” (module)
• “School Reform: Curriculum and Instructional Leadership”
• “Urban Education Seminar” (module)
• One elective

Year-long
• “Practicum/Clinical Experience in Secondary Education”

Outcomes

Generally, all HGSE MCMS graduates who seek teaching positions
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procure them.  At any one time, over the years, about 80 percent of all
program graduates are teaching.

TEACH FOR AMERICA

History and Goals

Teach for America began in 1989 as a senior thesis project by Wendy
Kopp, who was then a student at Princeton University.  The program places
college graduates from all academic fields in 2-year teaching positions at
public schools in low-income areas across the nation.  A goal of the pro-
gram is to help these districts with few resources to provide a high-quality
education to their students.  The school districts hire and pay corps mem-
bers as regular beginning teachers.  Local offices help orient corps members
to their new schools and communities and foster professional and personal
support networks. See http://www.teachforamerica.org/tfa for more infor-
mation.

The first year, 2,500 men and women from more than 100 colleges
applied to become members of what became known as a corps.  From the
pool of applicants, 500 corps members were chosen.  Over the past 12
years, Teach for America has placed 8,000 corps members in 16 urban and
rural areas.  During the 2000-2001 academic year, corps members were
placed at schools in Atlanta, Baltimore, the Bay Area in California, Chi-
cago, Houston, Los Angeles, the Mississippi Delta, New Jersey, New Or-
leans, New York City, North Carolina, Phoenix, the Rio Grande Valley,
rural Louisiana, and Washington, D.C.  About 59 percent of the place-
ments were at the elementary level, and 41 percent were at the secondary
level.

Candidate Selection

To apply for the program, candidates fill out a written application that
includes a letter of intent, resume, and essay.  When they are interviewed,
applicants indicate their preferences for regional sites, grade levels, and sub-
ject areas.  The program strives to meet the applicants’ preferences while
meeting districts’ needs.  Consideration is also is given to district and state
requirements—for example, requirements for the corps members to have a
certain number of coursework hours in a subject before they are allowed to
teach it.
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A selection committee reviews the applications and invites the most
promising candidates to participate in a day-long interview, which includes
a sample teaching lesson, a group discussion, and a personal interview.  The
selection committee looks for evidence that applicants have an ability to
thrive on overcoming challenges, a drive to achieve results, a commitment
to setting only the highest expectations for themselves and their students.

Teach for America attempts to place corps members in schools that
employ other corps members or alumni so that they can collaborate on
projects and support one another’s professional growth.  It also provides
support for current and past corps members through monthly newsletters,
electronic discussion groups, retreats, and social activities.  In addition,
local program staff works with area school districts, schools of education,
professional associations, and other organizations to give corps members
access to the best professional development and teaching resources avail-
able.  At the national level, inter-regional conferences help corps members
stay connected to their colleagues across the country.

Teaching Preparation

New corps members attend a preservice summer training institute for
5 weeks in either Houston or New York City, depending on their place-
ment region.  During the training program, the corps members learn about
and practice approaches used by successful teachers in low-income com-
munities.  They also learn basic teaching skills, such as curricular planning
around clear goals, effective lesson design, student assessment, classroom
management techniques, and literacy development.

In the mornings and early afternoons of the institute, corps members
teach in a summer school program.  In the afternoons and evenings, they
participate in a full schedule of discussions, workshops, and other profes-
sional development activities with a faculty of exceptional corps members,
alumni, and other experienced educators.  The institutes also incorporate
ceremonies and special events that are designed to build a sense of commu-
nity among the corps members and allow them to appreciate the magni-
tude of their collective effect on the lives of K-12 students.

Near the end or after the institute, corps members travel to their as-
signed site to participate in a 1- to 2-week local orientation.  During this
induction period, corps members learn about the local communities in
which they will teach, locate housing, and interview for their actual teach-
ing positions.



Copyright © National Academy of Sciences. All rights reserved.

Attracting PhDs to K-12 Education: A Demonstration Program for Science, Mathematics, and Technology
http://www.nap.edu/catalog/10433.html

APPENDIX C 81

School districts hire and pay corps members as regular beginning teach-
ers, but use alternate routes to teacher certification.  This arrangement al-
lows corps members to teach without the education courses that are typi-
cally required of teachers in public schools.  In many cases, they must take
courses after they begin teaching.  Teach for America has formed partner-
ships with school districts, states, and schools of education to enable corps
members to take the coursework they need after they begin teaching.

Outcomes

Of the program’s alumni, some of whom were placed as teachers in
1990, 60 percent are still working full-time in education:  40 percent are
teaching, and 20 percent are working in other positions in the field of K-12
education.  In the latter category, for example, some alumni work in school
or district administration, or in organizations that are focused on education
reform.  Other alumni are graduate students in education.

An independent evaluation of the effect of the program’s teachers on
student performance in the Houston Independent School District was con-
ducted in 2001 by CREDO, a research group based at the Hoover Institu-
tion of Stanford University.  The evaluation compared Teach for America
participants with all other new teachers recruited during the same years.
The evaluation reached three main conclusions (Raymond, M., et al, 2001):

• The effect of having a teacher from Teach for America was generally
positive.  The positive effect appears to be largest in mathematics, in both
elementary and middle school.  Results in reading also were positive, but
the magnitudes of effects were smaller.

• The differences between the average Teach for America teacher’s
and other teachers’ contribution to students’ perforamnce are generally not
statistically significant.

• TFA teachers as a group show less variation in quality than teachers
entering from different routes.

The evaluation also indicated that the Teach for America teachers were
more likely to hold a bachelor’s degree, were placed in more difficult classes,
and were less likely to leave after the first year than were the other teachers.
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Appendix D

Programs to Strengthen Connections
Between Professions and K-12 Education

This appendix describes four programs that have been implemented
in recent years to strengthen the connections between the science,
mathematics, and engineering professions and K-12 education.

Three of them are national programs sponsored by the National Science
Foundation (NSF); the fourth is a small, local program sponsored jointly
by the National Institutes of Health (NIH) and the Montgomery (Mary-
land) County Public Schools (MCPS).  Only the last one is designed to
lead to secondary school teaching.  However, all three are examples of pro-
grams to strengthen the science, mathematics, and technology infrastruc-
ture of the nation’s schools.

These programs have the potential to play significant roles in the im-
provement of K-12 education in science, mathematics, engineering, and
technology.  They are similar to the demonstration program proposed in
this report because they target PhDs or graduate students in science, math-
ematics, engineering, and technology, explicitly support standards-based
K-12 science and mathematics instruction, and are predicated on some
kind of partnership between higher education and school districts.   The
MCPS/NIH program had not been evaluated at the time of this report.
The goals of other programs are significantly different from the one pro-
posed in this report, and their available evaluation information provided no
specific guidance to the committee.
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NSF PROGRAMS

The NSF has supported three programs over the last 5 years that are
designed to provide pre- and postdoctoral experiences in K-12 education
for scientists, mathematicians, and engineers. The programs are the
Postdoctoral Fellowships in Science, Mathematics, Engineering, and Tech-
nology Education (see NSF, 2001a and http://www.ehr.nsf.gov/dge/pro-
grams/pfsmete/), the Graduate Teaching Fellowships in K-12 Education
(see NSF, 2001b and http://www.nsf.gov/home/crssprgm/gk12/start.htm),
and the Centers for Learning and Teaching (see NSF, 2001c and http://
www.ehr.nsf.gov/esie/resources/centers.asp).

Postdoctoral Fellowships in Science, Mathematics,
Engineering, and Technology Education

The NSF Postdoctoral Fellowships in Science, Mathematics, Engineer-
ing and Technology Education (PFSMETE) have two goals:

• to prepare PhD graduates in science, mathematics, engineering or
technology with the necessary skills to assume leadership roles in science
education in the nation’s diverse academic institutions, and

• to provide opportunities for outstanding PhD graduates to develop
expertise in a facet of science education research that would qualify them
for the new range of academic positions that will come with the 21st cen-
tury.

The fellowships, which were first awarded in fiscal 1997, are given to
academic institutions.  The first awards were used to support 63 fellowships
for PhDs in the earth sciences, engineering, chemistry, the life sciences,
mathematics, physics, and psychology.  The fellows’ projects included work
in cognition and learning, community-based research, curriculum develop-
ment, educational technology, evaluation and assessment in K-12 educa-
tion, and teacher education.

Graduate Teaching Fellowships in K-12 Education

The primary objective of the Graduate Teaching Fellowships in K-12
Education Program (GK-12) is to provide fellowships to highly qualified
graduate and advanced undergraduate students in science, mathematics,
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and engineering to serve as resources in the nation’s K-12 schools.  GK-12
fellows work directly with teachers on many activities, including:

• demonstrating key concepts in science or mathematics;
• modeling for students the habits and skills needed to pursue future

study in science, mathematics, and engineering;
• serving as role models for future science, mathematics, and engi-

neering professionals;
• enhancing teachers’ content knowledge and understanding of prin-

ciples of science and mathematics; and
• assisting in science and mathematics instruction.

Most of the GK-12 projects do not provide the fellows with classroom
teaching experience.  However, one project—a partnership between Johns
Hopkins School of Medicine and Paul Lawrence Dunbar High School—
does provide the fellows with formal preparation for classroom teaching
and student teaching experience.  That project has only four fellows, and it
is not explicitly intended as a way for GK-12 fellows to become certified K-
12 teachers or to ground them in classroom practice for whatever segment
of K-12 education they choose to pursue.

The NSF GK-12 program began as a pilot project in 1999, but NSF
received a greater than anticipated number of proposals and increased the
funds beyond the level originally planned.  The program was subsequently
included in NSF’s annual budget and approved by Congress.  In its first 2
years, the GK-12 program has provided $43.4 million for 56 grants to
academic institutions across the country.  It was scheduled to allocate an
additional $10 million in fiscal 2001.  In this popular program, approxi-
mately 600 graduate and advanced undergraduate students in science,
mathematics, engineering and technology have served as teaching fellows
in K-12 schools to date.

Centers for Teaching and Learning

NSF initiated the Centers for Learning and Teaching in fiscal 2001
with three goals (NSF, 2001c):

(1) to increase significantly the numbers of K-12 science, math-
ematics, engineering, and technology educators in formal (schools)
or informal (museums, zoos, botanical gardens, etc.) settings who
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have current content knowledge in their disciplinary area and who
are prepared to implement standards-based instruction and new
assessment strategies;
(2) to rebuild and diversify the human resource base that forms
the national infrastructure for science, mathematics, engineering,
and technology; and
(3) to provide substantive opportunities for research into the na-
ture of learning, strategies of teaching, policies of educational re-
form, and outcomes of standards-based reform.

Approximately $16 million was initially allocated for 7-9 centers awards
and $2 million for 8-12 awards to develop proposals for future centers.

For the participants—which include PhDs, university teacher educa-
tors, curriculum developers, district-level or state-level supervisors and co-
ordinators, lead teachers, informal science educators, assessment specialists,
and school administrators (e.g., principals)—the program has a
postdoctoral and internship program, which includes graduate programs of
study (for MS, PhD, or EdD degrees).  Participants in this part of the
program are offered a variety of options for developing special expertise.
The program description provides the following examples:

One type of Center might focus on developing high quality K-12 sci-
ence curricular materials and bring together representatives from school
districts, informal science centers, curriculum developers, undergraduate,
graduate, and post-doctoral students, and science faculty to design, de-
velop, and field-test new materials.  Another type of Center might focus on
research, evaluation, and assessment through emphasis on the graduate edu-
cation of educational psychologists and psychometricians who focus on the
learning and assessment of mathematics and/or science and who are needed
to evaluate large-scale reform projects such as the SME&T  [science, math-
ematics, engineering, and technology] systemic initiatives.  Another Center
might choose to address the retraining of those who already hold a doctor-
ate (or the equivalent) in science, mathematics, and engineering and who
have particular interest in SME&T education (NSF, 2001c, p. 9)

TRAINING TEACHERS FOR TOMORROW

The Training Teachers for Tomorrow program is a partnership between
the NIH and the MCPS to help NIH postdoctoral fellows make a transi-
tion to careers as certified secondary school teachers.  The program began
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in the fall 2000 with funding under a 6-year grant from the state of Mary-
land to pay the tuition for the program participants.  The PhDs fill teach-
ing vacancies at MCPS in their field of expertise for the school year and
receive the salary and benefits of a first-year teacher.  MCPS provides men-
tors for each participant; NIH provides some stipends for opportunities to
work in laboratories during the summer.  Although the program was de-
signed to meet the needs of NIH postdoctoral fellows, the MCPS part of
the program is open to other midcareer professionals.  There were 2
postdoctoral fellows in the first cohort of 13, and the program administra-
tors expect an average of 2-4 postdoctoral fellows in the program each year.

Program participants receive orientation training in the summer just
prior to the start of the their first classroom teaching experience.  They are
classified as “resident teachers” until they complete the 2-year course of
studies, pass both Parts I and II of the Praxis exam,1  and receive a successful
evaluation for at least 1 year of teaching.  Fulfilling these three require-
ments makes them eligible for a teaching certificate from the state of Mary-
land.  The teacher education courses are offered at an MCPS school site,
taught by MCPS master teachers.  The integration of coursework with
classroom teaching allows the resident teachers to understand the relevance
of the coursework to their classroom and to apply what they learn in their
teaching practice.

The coursework covers the following areas, as required by the Mary-
land State Department of Education:  human learning, adolescent develop-
ment, special needs students, assessment, teaching methods, and reading 1
and 2.  To address pedagogical skills, the cohort meets weekly with experi-
enced, master MCPS teachers.  All preparation activities are tied directly to
the participants’ teaching activities in their classrooms.  Topics are addressed
in a way that anticipates their needs, answers their questions, and helps
them plan successful instruction.

1The Praxis exams are standard tests used in many states as one requirement for teacher
certification.
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Appendix E

Gallup Teacher Perceiver Instrument

The Gallup Teacher Perceiver is a structured interview that
consists of a set of open-ended items (see Gallup Organization,
2002 and http://education.gallup.com/select/themeTeach.asp).  It

is based on Gallup’s research on what are believed to be the characteristics
that make the best teachers.  The interviews may be given face to face or
over the telephone.  The items covered in the instrument are listed below,
with the descriptions provided by Gallup (2002).

MISSION—Mission is what takes some individuals and groups out of
society’s mainstream in order to assure the quality and purposiveness of
that mainstream.  Mission is a deep underlying belief that students can
grow and attain self-actualization.  A teacher with mission has a goal to
make a significant contribution to other people.

EMPATHY—Empathy is the apprehension and acceptance of the state
of mind of another person.  Practically, we say we put ourselves into the
other person’s place.  Empathy is the phenomenon that provides the teacher
feedback about the individual student’s feelings and thoughts.

RAPPORT DRIVE—The rapport drive is evidenced by the teacher’s
ability to have an approving and mutually favorable relationship with each
student.  The teacher likes students and expects them to reciprocate.  Rap-
port is seen by the teacher as a favorable and necessary condition of learn-
ing.
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INDIVIDUALIZED PERCEPTION—Individualized perception
means that the teacher spontaneously thinks about the interests and needs
of each student and makes every effort to personalize each student’s pro-
gram.

LISTENING—The Listening theme is evident when a person sponta-
neously listens to others with responsiveness and acceptance.  Listening is
viewed as beneficial to the speaker.

INVESTMENT—The Investment theme is indicated by the teacher’s
capacity to receive a satisfaction from the growth of the students.  This is in
contrast to the person who must personally perform to achieve satisfaction.

INPUT DRIVE—Input drive is evidenced by the teacher who is con-
tinuously searching for ideas, materials and experiences to use in helping
other people, especially students.

ACTIVATION—Activation indicates that the teacher is capable of
stimulating students to think, to respond, to feel, to learn.

INNOVATION—The innovation theme is indicated when a teacher
tries new ideas and techniques.  A certain amount of determination is ob-
served in this theme because the idea has to be implemented.  At a higher
level of innovation is creativity, where the teacher has the capability of put-
ting information and experience together into new configurations.

GESTALT—The Gestalt theme indicates the teacher has a drive to-
ward completeness.  The teacher sees in patterns—is uneasy until work is
finished.  When gestalt is high, the teacher tends toward perfectionism.
Even though form and structure are important, the individual student is
considered first.  The teacher works from individual to structure.

OBJECTIVITY—Objectivity is indicated when a teacher responds to
the total situation.  This teacher gets facts and understands first as com-
pared to making an impulsive reaction.

FOCUS—Focus is indicated when a person has models and goals.
The person’s life is moving in a planned direction.  The teacher knows what
the goals are and selects activities in terms of these goals.
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Appendix F

National Residency Matching Program

The following description of the program used to place applicants
for graduate medical schools through the National Resident
Matching Program (NRMP) is taken from National Resident

Matching Program, 2002.  Applicants send their ranked list of program to
NRMP, and programs send their ranked list of applicants to NRMP.

The NRMP matching algorithm begins with an attempt to place an
applicant into the program indicated as most preferred on that applicant’s
list.  If the applicant cannot be matched to his or her first-choice program,
an attempt is then made to place the applicant into the second-choice pro-
gram, and so on, until there is a tentative match or all the applicant’s choices
have been exhausted. See http://www.nrmp.org for more information.

If the program also ranks an applicant on its rank order list, the appli-
cant can be tentatively matched to a program in one of two ways:

• If the program has an unfilled position, a tentative match is made
between the applicant and program.

• If the program does not have an unfilled position, but the applicant
is more attractive to the program than another applicant who is already
tentatively matched to the program, the applicant who is the less preferred
current match in the program is removed from the program to make room
for a tentative match with the more preferred applicant.
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Matches are tentative because an applicant who is matched to a pro-
gram at one point in the matching process may later be removed from the
program to make room for an applicant more preferred by the program.
When an applicant is removed from a previously made tentative match, an
attempt is made to rematch the applicant, starting from the top of his or
her list.  This process is carried out for all applicants until each applicant
has either been tentatively matched to the most preferred choice possible or
all choices submitted by the applicant have been exhausted.  When all ap-
plicants have been considered, the process is complete and all tentative
matches become final.
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Appendix G

Biographical Information on
Committee Members

M. Patricia Morse, Chair, is a marine biologist and science educator
at the University of Washington, Seattle.  For 34 years, she was professor of
biology at Northeastern University, and the last 4 she also served as a pro-
gram director at the U.S. National Science Foundation (NSF) in the Divi-
sion of Elementary, Secondary and Informal Education, where she served
as a specialist in biology and environmental science in Instructional Mate-
rials Development.  Dr. Morse has published extensively on molluscan bi-
ology (over 50 papers and 34 abstracts) and more recently in science educa-
tion.  She currently is a consultant for NSF, serving in the Division of
Undergraduate Education as a site visitor to NSF-funded programs.  Dr.
Morse is a past president of Sigma Xi, the Scientific Research Society and
the American Society of Zoologists (now the Society for Integrative and
Comparative Biology).  She is chair of the education committee of the
American Institute of Biological Sciences and vice-chair of the Interna-
tional Union of Biological Sciences’ Commission for Biological Education.

Margaret Cozzens is the Vice Chancellor for Academic and Student
Affairs at the University of Colorado at Denver.  She received a PhD in
mathematics from Rutgers University.  For the 7 years prior to coming UC
Denver, she was the director of the Division of Elementary, Secondary, and
Informal Education at the National Science Foundation (NSF).  She also
served as professor and chair of mathematics at Northeastern University in
Boston before coming to NSF.  She is the author of five books and over 75
papers and articles in mathematics and K-20 education policy.  Dr. Cozzens
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currently serves on the President’s Task Force on Teacher Education (Ameri-
can Council of Education).  She co-chairs the Third International Assess-
ment in Mathematics and Science 8th grade repeat study (TIMSS-R) Tech-
nical Review Panel.  She also serves on the Education Advisory Council of
the Department of Energy’s National Renewable Energy Laboratory and
the Task Force on Leadership for the Academic Affairs Resource Center of
American Association of State Colleges and Universities.

Arthur Eisenkraft is the past President of the National Science Teach-
ers Association, Arlington, Virginia.  He is also the science coordinator (6-
12) and physics teacher in the Bedford Public Schools in Bedford, New
York.  He has taught high school physics in a variety of schools for 24 years.
He is project director of Active Physics and has published more than 100
papers related to physics and physics education.  He holds a U.S. patent for
a laser vision testing system.  Dr. Eisenkraft is a former member of the
National Research Council’s (NRC) Advisory Panel to the Center for Sci-
ence, Mathematics and Engineering Education (CSMEE).  He served on
the NRC Committee on Learning Research and Educational Practice and
the NRC Working Group on Science Content Standards.  He received his
PhD in science education from New York University, and he received the
Presidential Award for Excellence in Science Teaching in 1986.

Danine Ezell is a science teacher and department chair at the new
charter school, Preuss School, chartered under the San Diego City Schools
and associated with the University of California at San Diego.  The Preuss
School is designed to serve students from low-income and noncollege edu-
cated families and to prepare them for competitive 4-year colleges.  Dr.
Ezell previously worked as a resource teacher in the Mathematics and Sci-
ence Office of San Diego City Schools and was the magnet school coordi-
nator and teacher at Bell Junior High, a computer, mathematics, science
magnet school in San Diego.  Dr. Ezell is a former member of the NRC’s
Advisory Panel to CSMEE.  She served on the NRC Working Group on
Science Content Standards and worked for many years with Project 2061.
She co-chaired her school district’s efforts to develop science standards.
She received a PhD in zoology from the University of California, Berkeley,
and some years later obtained a teaching credential and began teaching at
the secondary level in 1985.

Emily Feistritzer is the president of the Center for Education Infor-
mation.  She has conducted several national and state studies of alternative
certification programs.  She is currently conducting a study on the effec-
tiveness of such programs.  She has a PhD in curriculum and instruction
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from Indiana University, a masters in the teaching of science from the
College of William and Mary, and a BA in biology from Thomas More
College.

Maria Alicia Lopez-Freeman is the executive director of the Califor-
nia Science Project, a University of California professional development
network of science faculty, professional developers and teachers of K-16
science.  For many years she taught chemistry and physics in large, urban,
inner-city high schools, developed programs, and served as department
chair.  For the past 10 years she has been working in science professional
development, science education research, and educational change.  She has
published articles in both chemistry and science education and is currently
involved in developing case studies focused on the intersection of science
and equity in urban schools and doing research on science teaching and
learning.  She was a member of the Glenn Commission for the Teaching of
Mathematics and Science for the 21st Century, and she serves on the High
School Science Advisory Committee of the California Commission on
Teacher Credentialing, developing program standards for the licensure of
high school teachers of science.  She was involved with the development of
the National Science Education Standards as a member of the Working
Group on Science Teaching Standards.  Ms. Lopez-Freeman received her
bachelor’s and master’s degrees from Immaculate Heart College.

Myles Gordon has been the vice president for education at the Ameri-
can Museum of Natural History in New York City since 1995.  In that
capacity he has engaged in a program with the City University of New York
to retrain and to prepare science, math, and engineering professionals to
teach in the New York City schools.  Between 1970 and 1995 he worked in
a variety of positions at the Education Development Center  (EDC) in
Newton, MA, becoming senior vice president in 1993.  At EDC he was
responsible for all work in science, math, and technology and led projects
in curriculum development, professional development of teachers, instruc-
tional use of technology, and systemic reform.  He is an advisory board
member of the Association of Science and Technology Centers’ Teacher
Education Leadership Institute Project, the Annenberg/CPB Guide to
Mathematics and Science Reform, and the Collaboration for Equity:
Women in Science (a collaborative effort of the American Association for
the Advancement of Science and EDC, funded by NSF).  He has served as
a consultant to the Corporation for Public Broadcasting’s Regional Train-
ing Project, the Boston Public Schools, and the Educational Technology
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Center/Harvard Graduate School of Education.  He holds a BA in politics
from Brandeis University.

Vicki Jacobs is the associate director of the Harvard University Teacher
Education Programs and director of that institution’s Mid-Career Math
and Science Program (MCMS).  Begun in 1983, the MCMS program has
provided an alternative route to mathematics and science teacher certifica-
tion in Massachusetts to mid-career scientists and mathematicians (some of
whom hold Ph.D.s).  She has also served as co-director of the Massachu-
setts Academy for Teachers.

David A. Kennedy was the director of science education/ESEA Title
II, Office of the Superintendent of Public Instruction for the state of Wash-
ington.  He is a biologist with degrees from Western Oregon University
and Oregon State University.  Prior to joining the superintendent’s staff, he
taught science subjects at the elementary, junior and high school levels, in
teacher education programs at the college level, and he was a school district
science coordinator.  His assignments as an instructional program specialist
at the state education agency have included supervisor of environmental
education, 1971-1977; supervisor of science programs, 1977-1984; and
senior supervisor of science and mathematics, 1984–1992.  His responsi-
bilities from 1992-1998 were as an instructional program director for which
he managed a work unit of grants managers and curriculum specialists rep-
resenting all content areas.  He directs science education grants programs
and develops the instructional design program.  He is past president of the
National Council of State Science Supervisors.

Mary Long is currently coordinator of UTeach, the secondary science
and mathematics teacher preparation program at the University of Texas,
Austin.  She was a member of Office of Scientific and Engineering Person-
nel (OSEP)’s Committee on Attracting Science and Mathematics Ph.D.s
to Secondary School Teaching.  Ms. Long taught science for 28 years in
middle schools and high schools in several states.  She has served as director
of the Austin Independent School District Science Academy and as man-
ager of the district’s Science and Health Resource Center.  Ms. Long re-
ceived a MEd degree in science education from the University of Texas,
Austin.

John A. Moore is a professor emeritus of biology at the University of
California at Riverside.  He began serving on NRC education committees
in the 1950s and continues to do so to this day.  He is currently a member
of the Committee on Science Education, K-12, and the National Science
Resources Center’s Advisory Board.  His recent service to the NRC in-
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cludes membership on the Committee on Undergraduate Science Educa-
tion and several committees related to projects to produce materials for the
K-12 teachers on the evolution/creationism problem.  Beginning in the late
1950s, he worked with the Biological Sciences Curriculum Study, initially
as the chair of the Committee of the Content of the Curriculum Study,
then as supervisor for the high school textbook, “Biological Science: An
Inquiry into Life.”  He also worked on two experimental and three com-
mercial editions of the middle school project “Interactions of Man & the
Biosphere” (1970-1979).  He also initiated and supervised “Sciences as a
Way of Knowing” —a university-level project that consisted of seven yearly
symposia and publications (1983-1989) and edited the 17 volumes of the
graduate-level series “Genes, Cells and Organisms: Great Books in Experi-
mental Biology.”  Dr. Moore has served on the education committees of the
NSF and of the AAAS (including Project 2061).  Dr. Moore received AB,
MA, and PhD degrees from Columbia University and has taught at Brook-
lyn College, Queens College, Barnard College, Columbia University, and
the University of California at Riverside.  He is a member of the National
Academy of Sciences

N. Ronald Morris was chair of the OSEP Committee on Attracting
Science and Mathematics Ph.D.s to Secondary School Teaching and is a
professor in the Department of Pharmacology at the Robert Wood Johnson
Medical School-University of Medicine and Dentistry of New Jersey
(Rutgers).  Dr. Morris is a cell biologist who studies nuclear migration and
its regulation, using the fungus Aspergillus as a model organism.  He has
previously served as Associate Dean for Research at the Robert Wood
Johnson Medical School—University of Medicine and Dentistry of New
Jersey.  He received an MD from Yale University School of Medicine and a
BS from Yale College.

Kristina Peterson teaches chemistry and biology at the Lakeside
School in Seattle, Washington.  She received her PhD in analytical chemis-
try from the University of Washington in 1997.  Before joining the Lakeside
faculty, she served as a distance learning instructor, course designer, and as a
science advisor to the Teacher Certification Program Wetlands Project at
the University of Washington.  She has been an active member of the Se-
attle chapter of the Association for Women in Science, serving as chair of
its program committee, 1995-1996 and 1998-1999 and of its scholarship
committee, 1994-1995.  She was a member of OSEP’s Committee on At-
tracting Science and Mathematics PhDs to Secondary School Teaching.
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Eric Robinson, a professor at Ithaca College, received his PhD in math-
ematics from Binghamton University.  His field of published mathematical
research is topology.  After receiving his doctorate, he taught at Bates Col-
lege prior to joining  the Department of Mathematics and Computer Sci-
ence at Ithaca College 1979.  He has served as interim associate dean of the
School of Humanities and Science, and chaired the Department of Math-
ematics and Computer Science.  In addition to his responsibilities at Ithaca,
Dr. Robinson has also frequently taught preservice graduate-level content
courses in mathematics in the master of arts in teaching program and
Binghamton. He has done work in calculus reform, served as a program
officer at the U.S. National Science Foundation in the Division of Elemen-
tary, Secondary, and Informal Education, and, since 1997, has been the
director of COMPASS, the national secondary mathematics implementa-
tion center funded, in part, by NSF.

James H. Stith is the director of physics programs at the American
Institute of Physics.  He is past President of the National Society of Black
Physicists and of the American Association of Physics Teachers.  He is a
fellow of the AAAS and the American Physical Society and a charter fellow
of the National Society of Black Physicists.  He was awarded the Distin-
guished Service Citation by the American Association of Physics Teachers,
holds the New York Academy of Science’s Archie L. Lacey Award for con-
tributions to science education, the National Association for Equal Oppor-
tunity in Higher Education’s (NAFEO) Distinguished Alumni Award, and
was selected for Penn State University’s Superior Teaching Award.  He re-
ceived his PhD from Pennsylvania State University and has served on the
physics faculty of the U.S. Military Academy at West Point and Ohio State
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