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Preface

T-TEP vision: Every U.S. high school student will have the
opportunity to learn physics with a qualified teacher

The Task Force on Teacher Education in Physics (T-TEP) is
pleased to present this report as a contribution to the na-
tion’s efforts to improve science, technology, engineering,
and mathematics (STEM) literacy for all, and to increase
the abilities of a STEM-capable workforce as well as the
number of students who pursue STEM careers. We believe
that a critical factor in helping the nation achieve these im-
portant goals is good teaching at the high school level.

Good physics teaching at the high school level is ham-
pered by a severe shortage of well-prepared teachers. This
shortage is more pressing in physics than in any other
field, and constitutes the primary challenge in providing a
high-quality physics education to all students.

To address this challenge, the American Physical Soci-
ety, the American Association of Physics Teachers, and
the American Institute of Physics constituted T-TEP, with
members representing all the critical parts of the system
under study: physics faculty, education faculty, universi-
ty administration, high school teachers, and professional
organizations. T-TEP found that, except for a handful of
isolated models of excellence, the professional preparation
of physics teachers is largely inefficient, mostly incoherent,
and completely unprepared to deal with the current and
future needs of the nation’s students. During their train-
ing, most U.S. physics teachers took only a small number
of physics courses and never developed a deep under-
standing of the subject, instead devoting much of their
time to generic education courses that have limited value
to practicing physics teachers. Students typically receive
no early experiences in teaching physics before they begin
student teaching.

In contrast to this paradigm, research and reports indi-
cate that teachers gain much more value from courses and
workshops that expose them to physics-specific pedagogy
and intensive study of physics concepts in the context of
learning to teach physics—and from actually teaching it,
with expert mentoring. Such experiences can incorporate
recent research in physics education that has yielded valu-
able knowledge of effective curricula, instructional meth-
ods, and assessment techniques. However, these potential-
ly high-value courses and teaching experiences are usually
not available at institutions that prepare teachers, and in
any case they are almost always overshadowed by the time
required for non-subject-specific pedagogical studies. This
serious imbalance negatively affects the quality and effec-

tiveness of physics teacher graduates. The fact that most
new physics teachers have no exposure to modern knowl-
edge of effective physics pedagogy is a terrible waste of
resources and represents a gross inefficiency.

Physics teacher preparation at colleges and universities
generally has an “orphan” status, claimed or valued by al-
most no one, except as a low-priority sideline activity. This
is largely due to the relatively small constituencies repre-
sented by prospective teachers of physics; the small num-
bers imply a large relative expense per graduate since econ-
omies of scale are lacking. The challenge is magnified since
most high school physics teachers teach other subjects as
well. This implies a need for physics teachers-in-training
to receive preparation in one or more additional subjects
such as mathematics, chemistry, or biology, thus strain-
ing an already overcrowded curriculum and giving rise to
general science methods courses that cannot attend to the
many intellectual intricacies of teaching a specific subject.
The bottom line is that, with very few exceptions, neither
physics departments nor education departments or col-
leges consider physics teacher preparation to be a signif-
icant part of their mission.

Teachers end up in a high school physics classroom
through a wide variety of routes. Most often these do not
include either a major or minor in physics, or specific train-
ing in teaching physics. Even the minority that do have a
physics background often obtain only very limited peda-
gogical preparation in alternative or emergency certifica-
tion programs, brief “in-service” workshops for practicing
teachers, or post-baccalaureate programs with no focus on
discipline-specific pedagogy. At the school and district lev-
el, administrators are often willing to put underqualified
teachers in physics classrooms out of perceived short-term
needs, even if the ostensibly short-term “solution” turns
into a long-term obstacle to high-quality physics instruc-
tion.

To lay out a plan toward national excellence, T-TEP issues
recommendations to physics departments, schools of ed-
ucation, university administrators, school systems, state
agencies, and the federal government, as well as to foun-
dations and the business community, all of which have in-
dispensable roles to play to help students be prepared to
contribute to a STEM-literate society.

Physics is universally recognized as a fundamental and
essential STEM discipline. It has been argued that since
21st-century science tackles multidisciplinary problems,
school systems should teach science in the interdisciplin-
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ary manner in which real science is conducted. We whole-
heartedly agree that science should be taught in ways that
reflect authentic science and engineering practices, includ-
ing the use of technology, the incorporation of mathemat-
ical modeling, and emphasis on the social and historical
contexts in which scientific efforts are situated. That said,
we recognize that there are no generic STEM profession-
als—multidisciplinary teams consist of individuals who
have deep grounding in some subject area and are well
versed in communicating effectively with colleagues from
diverse disciplinary perspectives. Therefore, to prepare
a citizenry able to tackle 21st-century multidisciplinary
problems, we believe that teachers need a deep under-
standing both of content within a specific discipline, and
of the teaching of that discipline.

This report represents the unanimous voice of T-TEP mem-
bers. Over a period of four years, T-TEP collected and an-
alyzed data through surveys, site visits, literature reviews,

T-TEP
viii

and formal and informal input from many individuals and
organizations. T-TEP findings and recommendations were
combed through, debated, and vetted by every single task
force member, with the ultimate goal of presenting to the
nation a unified, authoritative account of the current state
of physics teacher education along with specific, action-
able items for catalyzing an effective response. We believe
this is our best chance to turn around the current tide of
mediocrity and to put physics in its well-deserved place in
the U.S. education system, as the basis of all science and a
major way of knowing the world.

Stamatis Vokos
Chair, Task Force on Teacher Education in Physics
Fall 2012
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Executive Summary

Introduction

Over the past 20 years, academic, business, and govern-
mental leaders have warned that United States science
education needs a dramatic overhaul. These increasingly
urgent warnings are prompted in part by a wide array of
measures that show science education in the U.S. lags well
behind much of the rest of the world, and that in some cas-
es, the gap is growing. The urgency in addressing this need
in physics is as intense and pressing as in any other science
discipline, if not more so.

Despite federal legislation mandating highly qualified
teachers for every classroom, school districts confirm a
considerable shortage of physics teachers year after year,
greater than any other science discipline. Compounding
this problem, the preparation of qualified physics teach-
ers has failed to keep pace with a dramatic increase in the
number of high-school students taking physics. Conse-
quently, more students than ever before are taking physics
from teachers who are inadequately prepared.

“Despite federal legislation man-
dating highly qualified teachers for
every classroom, school districts
confirm a considerable shortage
of physics teachers year after year,
greater than any other science
discipline.”

The potential negative consequences of maintaining the
status quo are far-reaching, both for physics as a discipline
and for the U.S. economy and society as a whole. As in-
ternational competition for science and engineering talent
continues to increase, the United States” ability to recruit
foreign-born talent to fuel the nation’s technological inno-
vation will become increasingly threatened. Interested in
STEM fields but uninspired by physics instruction and un-
prepared for the challenges physics offers, an ever-smaller
fraction of U.S. STEM majors are pursuing physics, and
many drop out of STEM completely. Moreover, at a time
of unprecedented scientific and technological complexity,
many U.S. citizens are unable to participate in STEM-relat-
ed economic opportunities or informed democratic deci-
sion-making.

“..the preparation of qualified
physics teachers has failed to
keep pace with a dramatic increase
in the number of high-school
students taking physics.”

In response to the shortage of physics teachers in the U.S.
and concerns about their effectiveness, the American Phys-
ical Society, American Association of Physics Teachers, and
American Institute of Physics formed the Task Force on
Teacher Education in Physics (T-TEP). T-TEP was charged
with documenting the state of physics teacher preparation
and with making recommendations for the development
of exemplary physics teacher education programs.

Process for Producing this Report

T-TEP engaged in a wide variety of data-gathering activi-
ties, including surveying all 758 U.S. physics departments.
The survey results provided quantitative teacher-produc-
tion data and helped T-TEP focus on high-producing in-
stitutions (two or more physics teachers per year). T-TEP
members followed up with faculty interviews to verify
and enrich survey data. T-TEP also conducted site visits
to institutions that emerged as local, regional, or national
leaders in physics-teacher production and/or had prom-
ising and potentially replicable high quality programs.
In addition, T-TEP consulted extant research results on
teacher education, teacher induction, teacher turnover,
and physics education, as well as national reports related
to student achievement in science, technology, engineer-
ing, and mathematics (STEM); analyzed multiple types of
publicly available data to take stock of the current situa-
tion in physics teacher preparation in the U.S.; sought ad-
vice from teacher education experts, foundation program
officers, and policy makers; and collaborated with other
organizations with a shared interest in teacher education,
including the Association of Public and Land-Grant Uni-
versities, the American Association of Colleges of Teacher
Education, the Knowles Science Teaching Foundation, and
the American Chemical Society.

T-TEP Findings

Except for a few excellent programs, T-TEP found that na-
tionally, physics teacher preparation is inefficient, incoher-
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ent, and unprepared to deal with the current and future
needs of the nation’s students. Most physics teachers have
no substantial formal training in either physics or physics
teaching. Instead, they develop their skills through on-the-
job practice, without expert mentoring, teaching a subject
that they never originally intended nor were trained to
teach.

T-TEP made eight distinct findings; the first finding con-
sists of two complementary statements.

1. (a) Few physics departments and schools of education
are engaged in the professional preparation of physics
teachers. (b) Physics teacher education programs pro-
duce very few graduates, making it difficult to justify
dedicated staff, specialized courses, and other resources.

2. Without exception, all of the most active physics teach-
er education programs have a champion who is per-
sonally committed to physics teacher education. With
few notable exceptions, these program leaders have
little institutional support.

3. Institutional context appears to be a significant factor
in the engagement of physics departments in physics
teacher education.

4. Few institutions demonstrate strong collaboration be-
tween physics departments and schools of education.

5. Physics teacher education programs do little to devel-
op physics-specific pedagogical expertise of teachers.

6. Few programs provide support, resources, intellectu-
al community, or professional development for new
physics teachers.

7. Few institutions offer a coherent program of pro-
fessional development for in-service teachers, even
though most current physics teachers are not ade-
quately prepared to teach physics.

8. Thriving physics teacher education programs exist
that can serve as models and resources for other insti-
tutions.

Such programs are characterized by several of the fol-
lowing features, though no institution had all:

® recognition and support for the champion;

e targeted recruitment of pre-service physics
teachers;

e active collaboration between physics depart-
ments and schools of education;

T-TEP
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* a sequence of courses focused on the learning
and teaching of physics;

* early teaching experiences led by the physics de-
partment;

e individualized advising of teacher candidates by
knowledgeable faculty;

* mentoring by expert physics teachers;

e arich intellectual community for graduates.

T-TEP Recommendations

The T-TEP recommendations address the findings iden-
tified throughout the four-year investigation and reflect a
synthesis of relevant results from the literature on science
teacher education and development. The 12 recommenda-
tions are grouped into three categories: commitment, qual-
ity, and capacity.

Commitment

Physics and education departments, university adminis-
trators, professional societies, and funding agencies must
make a strong commitment to discipline-specific teacher
education and support.

1. Institutions that consider the professional preparation
of science, technology, engineering, and mathematics
(STEM) teachers an integral part of their mission must
take concrete steps to fulfill that mission.

2. Physics departments should recognize that they have
a responsibility for the professional preparation of
pre-service teachers.

3. Schools of education should recognize that programs
to prepare physics teachers must include pedagogi-
cal components specific to the preparation of physics
teachers; broader “science education” courses are not
sufficient for this purpose.

4. Federal and private funding agencies, including the
National Science Foundation and the U.S. Department
of Education, should develop a coherent vision for dis-
cipline-specific teacher professional preparation and
development.

5. Professional societies should provide support, intel-
lectual leadership, and a coherent vision for the joint
work of disciplinary departments and schools of edu-
cation in physics teacher preparation.



Quality

All components of physics teacher preparation systems
should focus on improving student learning in the pre-col-
lege physics classroom. Recommendations 9(a) and 9(b) are
intended to be implemented together to ensure that a high-
er standard for quality of preparation does not increase the
length and cost of the program nor decrease the number of
teachers who are qualified to teach more than one subject.

6. Teaching in physics courses at all levels should be in-
formed by findings published in the physics education
research literature.

7. Physics teacher preparation programs should provide
teacher candidates with extensive physics-specific
pedagogical training and physics-specific clinical ex-
periences.

8. Physics teacher education programs should work with
school systems and state agencies to provide mentor-
ing for early career teachers.

9. (a) States should eliminate the general-science teach-
er certification and replace it with subject-specific en-
dorsements. (b) Higher education institutions should
create pathways that allow prospective teachers to re-

Executive Summary

ceive more than one endorsement without increasing
the length of the degree.

10. National accreditation organizations should revise
their criteria to better connect accreditation with ev-
idence of candidates” subject-specific pedagogical
knowledge and skill.

11. Physics education researchers should establish a coor-
dinated research agenda to identify and address key
questions related to physics teaching quality and effec-
tive physics teacher preparation.

Capacity
The United States should take significant steps to alleviate
the severe shortage of qualified physics teachers.

12. Physics departments and schools of education should
design certification pathways for individuals in var-
ious populations to become well-prepared physics
teachers: undergraduate students who have not yet
chosen a major; undergraduate STEM majors; gradu-
ate students in STEM disciplines; STEM teachers who
may not yet be prepared to teach physics; and STEM
professionals such as engineers, scientists, and labora-
tory technicians.

A National Proposal: Regional Centers in Physics Education

The T-TEP recommendations address crucial issues at the level of individual institutions and programs. However, an effective and coordi-

nated national strategy in physics teacher education must go beyond the individual implementation of the recommendations listed above.

An innovative national program is needed to develop new resources, expertise, and capacity in order to meet current and future national

needs. Toward this end, T-TEP recommends establishing regional centers in physics education.

Funded by colleges, universities, private foundations, and federal and state agencies, these centers would be the main regional producers

of well-qualified physics teachers and would be a nexus for scholarly work on physics education. In addition to graduating early-career

teachers of physics in sufficient numbers to meet regional needs, the centers would improve student learning of physics at the elementary

and middle-school levels by helping veteran science teachers at these levels deepen their knowledge and skills. The scholarship conducted

at regional centers would include research on teacher preparation, investigation of student learning, development of instruments to assess

teacher attributes and impacts, program evaluation, and development of education policy. Finally, such regional centers may serve as mod-

els for discipline-based preparation and enhancement of other STEM-discipline teachers.

T-TEP
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Chapter 1: Introduction

he need for qualified physics teachers is greater now

than at any previous time in U.S. history. While the
shortage of physics teachers is not new, and in fact has
been a characteristic of U.S. secondary education for over
a century, current conditions create a new level of urgen-
cy. An acute shortage of new physics teachers, compound-
ed by often inadequate preparation of current teachers to
teach their subject effectively, has increasingly detrimental
effects on our nation’s competitiveness in scientific and
technical industries. The shortage also impacts ever more
severely our citizens’ ability to engage meaningfully with
global challenges of unprecedented scientific and techno-
logical complexity. Moreover, it has a direct impact on the
future of physics as an important intellectual and social en-
deavor, not to mention the long-term health of college and
university physics departments.

“The need for qualified physics
teachers is greater now than at any
previous time in U.S. history.”

Shortage of physics teachers

School districts rank physics as the highest need area
among all academic disciplines with regard to teacher
shortages.” Only 47% of physics classes are taught by a
teacher with a degree in the subject, compared with 73% of
biology classes and about 80% of humanities classes (see
Figure 1).2 Of the approximately 3,100 teachers who are
new to teaching physics each year,® only about 1,100 or
35% have a degree in physics or physics education.* This

1. American Association for Employment in Education, Inc., 2070 Executive
Summary: Educator Supply and Demand in the United States (AAEE, Co-
lumbus, OH, 2010).

2. Jason G. Hill and Kerry J. Gruber, Education and Certification Qualifi-
cations of Departmentalized Public High School-Level Teachers of Core
Subjects: Evidence from the 2007-08 Schools and Staffing Survey, Sta-
tistical Analysis Report [NCES 2011-317] (National Center For Education
Statistics, U.S. Department of Education, Washington, D.C., 2011). Avail-
able at: http://nces.ed.gov/pubs2011/2011317.pdf.

3. Annually, the nation hires 1400 teachers who are new to teaching physics
and also new to teaching high school students; the remaining 1700 teachers
are experienced high school teachers who are new to teaching physics;
see: Susan White and Casey Langer Tesfaye, Turnover Among High School
Physics Teachers (American Institute of Physics, College Park, MD, 2011).
Available at: http://www.aip.org/statistics/trends/reports/hsturnover.pdf.

4. Casey Langer Tesfaye and Susan White, High School Physics Teacher
Preparation (American Institute of Physics, College Park, MD, 2012).
Available at: http://www.aip.org/statistics/trends/reports/hsteachprep.pdf.

appears to be a long-term trend, as only 35% of the 27,000
U.S. high school physics teachers have such degrees, sug-
gesting that most physics teachers have no substantial
training in either physics or physics teaching.55

At the same time, there has been rapid growth in the num-
bers of high school students taking physics: over the past
two decades, that number has doubled to 1.35 million
students, with the number of Advanced Placement or sec-
ond-year physics students increasing more than five-fold
to 182,000 (see Figure 2 on page 2). Overall, 37% of high
school graduates have taken a physics class.” While such
growth in the popularity of physics is positive, it adds to
the demand for qualified teachers.

Many current science teachers lack the content knowledge
and focused pedagogical preparation needed to teach
physics effectively. In many states, this fact is hidden by
weak standards for certification or endorsement. For ex-
ample, some states offer an “all sciences” certification that
allows a teacher to teach any science discipline, typically
with as few as two college courses in the discipline as re-
quired preparation. Other states allow a science teacher
to add an endorsement in a particular discipline simply
by passing a written test. States” compliance with federal
legislation (such as No Child Left Behind) mandating high-
ly qualified teachers for every classroom has done little to
address the need for adequate numbers of well prepared
teachers. While many high school physics teachers are
excellent educators—with or without physics-specific de-
grees—overall student performance in physics is subpar,
suggesting that many are not.

Mediocrity of physics performance by U.S. students
compared to their international peers

In 1995, the last time the U.S. participated in an interna-

5. Susan White and Casey Langer Tesfaye, Who Teaches High School Phys-
ics? Results from the 2008-09 Nationwide Survey of High School Physics
Teachers (American Institute of Physics, College Park, 2010). Available at:
http://www.aip.org/statistics/trends/reports/hsteachers.pdf.

6. The more qualified teachers teach a greater number of physics classes, so
about 43% of all physics students have a teacher with a degree in physics
or physics education. (Source: Private communication from Susan White,
American Institute of Physics.) A somewhat different statistic is reported
by the U.S. Department of Education National Center for Education Sta-
tistics (NCES), which claimed that 51% of physics students are taught by
a teacher who has a major in the discipline. However, larger schools were
more likely to be selected in the NCES sampling methodology, which prob-
ably resulted in over-sampling of physics teachers with a physics degree.
See report cited in Footnote 2.

7. Susan White and Casey Langer Tesfaye, High School Physics Courses &
Enrollments: Results from the 2008-09 Nationwide Survey of High School
Physics Teachers (American Institute of Physics, College Park, MD, 2010).
Available at: http://www.aip.org/statistics/trends/reports/highschool3.pdf.
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Figure 1. Fraction of high school classes taught by teacher with degree in subject/Source: See Footnote 2
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Figure 2. Physics enrollment in U.S. high schools/Source: See Footnote 7
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Figure 3. Concept exam scores for entering college students in
US.A. and China. From L. Bao et. al,, “Learning and Scientific
Reasoning,” Science 323, 586-587 (2009). Reprinted with permis-
sion from AAAS.

tional study that tested high school physics proficien-
cy (the Third International Math and Science Study or
TIMSS), U.S. students got the lowest score behind 14 other
nations.? There is little reason to think that U.S. science ed-
ucation has improved much since then. Neither U.S. fourth
nor eighth graders showed a measurable change in science
achievement in 2007 compared to the 1995 TIMSS results.®

8. (a)lnaV.S. Mullis, Michael O. Martin, Albert E. Beaton, Eugenio J. Gonzalez,
Dana L. Kelly, and Teresa A. Smith, Mathematics and Science Achievement
in the Final Year of Secondary School: IEA’s Third International Mathemat-
ics and Science Study (TIMSS) [IEA = International Association for the Eval-
uation of Educational Achievement] (Center for the Study of Testing, Eval-
uation, and Educational Policy, Boston College, Chestnut Hill, MA, 1998).
Available at: http://timss.bc.edu/timss1995i/HiLightC.html. (b) TIMSS Inter-
national Study Center, TIMSS Physics Achievement Comparison Study:
IEA’s Third International Mathematics and Science Study (TIMSS Interna-
tional Study Center, Boston College, Chestnut Hill, MA, 2000). Available at:
http://modeling.asu.edu/Evaluations/TIMSS_NSFphysicsStudy99.pdf.

9. Patrick Gonzales, Trevor Williams, Leslie Jocelyn, Stephen Roey, David
Kastberg, and Summer Brenwald, Highlights From TIMSS 2007: Mathe-
matics and Science Achievement of U.S. Fourth- and Eighth-Grade Stu-
dents in an International Context [NCES 2009-001 Revised] (National
Center for Education Statistics, Institute of Education Sciences, U.S. De-
partment of Education. Washington, D.C., 2009). Available at: http://nces.
ed.gov/pubsearch/pubsinfo.asp?pubid=2009001.

U.S. mediocrity in precollege physics student performance
reflects the substantially more stringent requirements that
most other industrialized nations have for physics course-
work in grades 6-12 compared to most states in the U.S.
Unsurprisingly but alarmingly, a more recent study from
2009 comparing student understanding of basic physics
concepts indicated that student performance in the U.S.
is about two standard deviations lower than that of their
peers in China (see Figure 3).°

In yet another international study, the 2009 Programme
for International Student Assessment (PISA), the aver-
age science literacy score for U.S. 15-year-olds was in-
distinguishable from the average for Organisation for
Economic Co-operation and Development (OECD) na-
tions." This places U.S. students behind 12 OECD na-
tions, including Japan, Korea, Germany, and Canada.
Truly, U.S. students have fallen behind their counter-
parts in many other industrialized nations.

Economic implications of substandard student
achievement

Substandard U.S. student achievement in science is cou-
pled to the significant demand for foreign-born science
and engineering (S&E) workers to fill positions in what
is known as “Knowledge- and Technology-Intensive In-
dustries;” these industries have been a major and grow-
ing part of the U.S. economy, and currently represent
40% of the U.S Gross Domestic Product.” The current
size of the S&E workforce is over 5 million, and several
million more workers outside S&E occupations use re-
lated knowledge and skills in their jobs." In 2003, it was
estimated that about 25% of the entire S&E workforce
was foreign-born, as were 40% of doctorate holders in
S&E occupations; these percentages are likely higher to-
day given increasing trends over time. Physical scienc-
es, computer/mathematical sciences, and engineering
had the highest fractions of foreign-born individuals.™

10. L. Bao et al., “Learning and scientific reasoning,” Science 323, 586-587
(2009).

11. OECD, PISA 2009 Results: What Students Know and Can Do — Student
Performance in Reading, Mathematics and Science (Volume [) (OECD
Publishing, Paris, 2010). Available at: http://www.oecd.org/pisa/pisaprod-
ucts/48852548.pdf.

12. National Science Board, Science and Engineering Indicators 2012 [NSB
12-01] (National Science Foundation, Arlington, VA, 2012), pp. 6-1 to 6-74,
“Chapter 6: Industry, technology, and the global marketplace.” Available at:
http://www.nsf.gov/statistics/seind12/c6/c6h.htm.

13. National Science Board, Science and Engineering Indicators 2012 [NSB
12-01] (National Science Foundation, Arlington, VA, 2012), pp. 3-1 to 3-65,
“Chapter 3: Science and engineering labor force.” Available at: http://www.
nsf.gov/statistics/seind12/c3/c3h.htm.

14. National Science Board, Science and Engineering Indicators 2010 [NSB
10-01] (National Science Foundation, Arlington, VA, 2010), pp. 3-1 to 3-60,
“Chapter 3: Science and engineering labor force.” Available at: http://www.
nsf.gov/statistics/seind10/c3/c3h.htm.
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Figure 4. Growth of bachelor’s degrees in physics compared to all STEM fields/Source: See Footnote 26

However, dependence on foreign-born S&E workers is
not a sustainable strategy over time. A National Science
Board task force has warned that “global competition
for S&E talent is intensifying, such that the United States
may not be able to rely on the international S&E labor
market to fill unmet skill needs.”®

Inadequate and inequitable science education as a
threat to democracy

Students with access to a good science education are in a
position to benefit from economic opportunities in the Sci-
ence & Engineering (S&E) sector. The median salary for
workers in S&E is more than double that of the overall
U.S. workforce, and unemployment rates are lower than in
other employment sectors.'® Yet, access to a good science
education is far from equitable. Results from the 2005 Na-
tional Assessment of Education Progress (NAEP) showed
large and persistent science achievement gaps among rac-
es and ethnicities at all grade levels: For example, 65% of
white students were at or above the basic level in science

15. National Science Board, The Science and Engineering Workforce: Re-
alizing America’s Potential (National Science Foundation, Washington,
D.C., 2003), p. 9. Available at: http://www.nsf.gov/nsb/documents/2003/
nsb0369/start.htm.

16. National Science Board, Science and Engineering Indicators 2012 [NSB
12-01] (National Science Foundation, Arlington, VA, 2012), pp. 3-1 to 3-65,
“Chapter 3: Science and engineering labor force.” Available at: http://www.
nsf.gov/statistics/seind12/c3/c3h.htm#s3.
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compared to 19% of black and 30% of Hispanic students."”
With respect to physics in particular, high poverty schools
are less likely to offer physics courses, especially advanced
physics.'® In addition, teachers of physics at such schools
are less likely to have a degree in physics or physics educa-
tion."® Since the U.S. population is becoming more diverse
by race and ethnicity,?>?' these issues of unequal access
to a good science education and the associated economic
opportunities will only become more urgent. Indeed, in-
adequate science education threatens the very foundation
of our democracy as meaningful participation in crucial

17. W. Grigg, M. Lauko, and D. Brockway, The Nation’s Report Card: Science
2005 (NCES 2006-466) [National Assessment of Educational Progress]
(U.S. Department of Education, National Center for Education Statistics,
Washington, D.C., 2006). Available at: http://nces.ed.gov/pubsearch/pub-
sinfo.asp?pubid=2006466.

18. A. M. Kelly and K. Sheppard, “Secondary school physics availability in an
urban setting: Issues related to academic achievement and course offer-
ings,” Am. J. Phys. 77, 902-906 (2009).

19. Michael Neuschatz, Mark McFarling, and Susan White, Reaching the Crit-
ical Mass: The Twenty Year Surge in High School Physics; Findings from
the 2005 Nationwide Survey of High School Physics Teachers (American
Institute of Physics, College Park, MD, 2008), p. 44. Available at: http://
www.aip.org/statistics/trends/reports/hs05report.pdf.

20. J. S. Passel and D. Cohn, U.S. Population Projections: 2005-2050. (Pew
Research Center, Washington, D.C., 2008). Available at: http://pewhispan-
ic.org/reports/report.php?ReportID=85.

21. While the student population is becoming more diverse, this is not re-
flected in the teaching workforce. Only about 3% of high school physics
teachers are African-American or Hispanic. See p. 16 of Neuschatz et al.,
Reaching the Critical Mass (Ref. 19).
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social decisions requires ever-increasing levels of scientific
and technological understanding.

Impact on students’ choice to pursue Science, Tech-
nology, Engineering and Math (STEM) careers

Several recent reports underline the importance of high
school physics in influencing career choices at the post-sec-
ondary level. For example, a study commissioned by Mi-
crosoft surveyed undergraduate college students who are
pursuing a Science, Technology, Engineering and Math
(STEM) degree. The overwhelming majority of these stu-
dents (78%) reported that they had decided to study STEM
before they entered college, and a clear majority had made
the decision while they were still in high school. More
than half reported that it was “a teacher or class” that got
them interested in STEM.?? (This was consistent with a
1970 study which showed that 44% of physics majors had
chosen science as their major field of interest during high
school, and that 95% made the decision before entering
college.?®) Another study examined Florida high school
graduates who had gone on to earn bachelor’s degrees
from 4-year public universities in Florida. Of those grad-
uates who had taken high school physics, 19% had earned
their bachelor’s degree in a STEM field, more than double
the rate for students who had not taken physics.?* In view
of the nation’s growing need for STEM workers, such find-
ings strongly suggest that it is increasingly critical to focus
attention on the state of high school physics instruction.

Poor physics instruction in high school sets up a downward
spiral that, without intervention, will continue to perpetu-
ate itself. As a result of weak or non-existent high school
physics classes, few high school students are inspired to
pursue further study of physics. This limits the number of
future college physics majors, and thus the supply of qual-
ified high school teachers. The vicious circle is often com-
pleted by state accreditation agencies that respond to the
shortage by setting a low bar for acquiring an endorsement
to teach high school physics, thereby propagating a legacy
of mediocrity.

22. Harris Interactive, STEM Perceptions: Student and Parent Study (Mic-
rosoft/Harris Interactive, 2011). Available at: http://www.microsoft.com/
presspass/presskits/citizenship/docs/STEM_Perception_Report.pptx.

23. W. Rodman Snelling and Robert Boruch, “Factors influencing student
choice of college and course of study,” Journal of Chemical Education 47,
326-330 (1970).

24. W. Tyson, R. Lee, K. M. Borman, and M. Ann Hanson, “Science, Technolo-
gy, Engineering, and Mathematics (STEM) pathways: High school science
and math coursework and postsecondary degree attainment,” Journal of
Education for Students Placed at Risk 12, 243-270 (2007).

Societal and funding implications for the physics
community

The state of high school physics affects the overall health
of the physics profession. The shortage of adequately pre-
pared physics teachers limits high school student achieve-
ment in physics, interest in physics, and motivation to
pursue physics in college. The resulting small supply of
potential physics majors has had a significant and increas-
ingly damaging impact on college and university physics
departments. In fact, about half of all college and universi-
ty physics programs award fewer than 5 bachelor’s degrees
per year.? Moreover, the fraction of undergraduate STEM
degrees awarded to physics majors has decreased substan-

“The state of high school physics
affects the overall health of the
physics profession.”

tially over the last several decades (see Figure 4).26 Small
numbers of undergraduate physics majors make it difficult
to justify a more substantial faculty and other resources for
physics departments. Moreover, an increasing number of
physics degree programs have come under threat of clo-
sure due to low enrollments. The overall small number of
physics bachelor’s also limits the ability of physics doc-
toral programs to attract qualified U.S. graduate students.
Despite a recent uptick, the number of U.S. citizens who
earn a physics Ph.D. has declined since a peak in the ear-
ly 1970s, and more than half of physics Ph.D.s granted by
U.S. institutions from 2002-2008 were awarded to foreign
citizens.?” Since global competition for top science talent is
increasing,? the low proportion of U.S. citizens among the
ranks of doctoral degree holders raises a concern for the
future of the U.S. physics enterprise.

25. Patrick Mulvey and Starr Nicholson, Physics Undergraduate Degrees: Re-
sults from the 2008 Survey of Enrollments and Degrees (American Insti-
tute of Physics, College Park, MD, 2011). Available at: http://www.aip.org/
statistics/trends/reports/physund08.pdf.

26. Data source: National Science Foundation, National Center for Science
and Engineering Statistics, Integrated Postsecondary Education Data
System (IPEDS) Completion Survey, Integrated Science and Engineering
Resources Data System (WebCASPAR). Available at: http://www.webcas-
par.nsf.gov/.

27. Patrick Mulvey and Starr Nicholson, Physics Graduate Degrees: Results
from the Enrollments and Degrees & the Degree Recipient Follow-up Sur-
veys (American Institute of Physics, College Park, MD, 2011). Available at:
http://www.aip.org/statistics/trends/reports/physgrad2008.pdf.

28. National Science Board, Science and Engineering Indicators 2012 [NSB
12-01] (National Science Foundation, Arlington, VA, 2012), “Higher Edu-
cation in Science and Engineering.” Available at: http://www.nsf.gov/statis-
tics/seind12/c2/c2h.htm.
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Maintaining the status quo for physics teacher preparation
risks producing a citizenry that fails to appreciate and sup-
port physics. Although the evidence cited above suggests
that good high school physics classes can motivate stu-
dents to pursue physics or other STEM studies in college,
most students enrolled in high school and college physics
courses have no intention of pursuing advanced physics
studies. Poor instruction increases the likelihood these
students will have a negative experience with physics or
avoid it altogether. Lack of positive exposure to physics is
likely to result in apathy toward the field and public sup-
port of work done by physicists.

Recent calls to action

A number of studies and reports in the past decade have
highlighted problems associated with STEM education in
the United States. Perhaps the most compelling and wide-
ly cited is the 2007 report “Rising Above The Gathering
Storm”?® from the National Academy of Sciences, National
Academy of Engineering, and Institute of Medicine. This
report makes clear that failing to invest in basic sciences
and mathematics is a significant threat to American com-
petitiveness. First among the report’s recommendations is
to annually recruit 10,000 of America’s brightest students
to become science and mathematics teachers. In 2010, the
President’s Council of Advisors on Science and Technolo-
gy (PCAST) echoed this recommendation in its report on
improving K-12 education in Science, Technology, Engi-
neering, and Math.*®* Beyond mere numbers of teachers,
however, the nation needs high quality STEM instruction.
In support of this goal, the first recommendation of the
February 2012 PCAST report is a call for the nation to cat-
alyze widespread adoption of empirically validated teach-
ing practices.3' Many other recent reports have echoed
these calls to take urgent action to improve U.S. STEM ed-
ucation.®?

29. Committee on Prospering in the Global Economy of the 21st Century: An
Agenda for American Science and Technology; Committee on Science,
Engineering, and Public Policy, Rising Above the Gathering Storm: Ener-
gizing and Employing America for a Brighter Economic Future (National
Academies Press, Washington, D.C., 2007) Available at: http://www.nap.
edu/catalog.php?record_id=11463#toc.

30. President’s Council of Advisors on Science and Technology, Report to the
President, Prepare and Inspire: K-12 Education in Science, Technology,
Engineering, and Math (STEM) for America’s Future (Executive Office of
the President, Washington, D.C., 2010). Available at: http://www.white-
house.gov/sites/default/files/microsites/ostp/pcast-stem-ed-final.pdf.

31. President’s Council of Advisors on Science and Technology, Report to
the President, Engage to Excel: Producing One Million Additional Col-
lege Graduates with Degrees in Science, Technology, Engineering, and
Mathematics (Executive Office of the President, Washington, D.C., 2012).
Available at: http://www.whitehouse.gov/sites/default/files/microsites/ostp/
pcast-engage-to-excel-final_feb.pdf.

32. See Appendix on Resources for an extensive bibliography of reports on
U.S. STEM education.
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A national response

Already, the government, universities, businesses, and
other organizations have responded to the call for improv-
ing STEM education. In recent years the budget for the
congressionally mandated Robert Noyce Teacher Scholar-
ship program for prospective STEM teachers has grown
considerably.3 The National Math and Science Initiative is
replicating the UTeach program for educating more math
and science teachers at universities and colleges across the
nation.* The Association of Public and Land-Grant Uni-
versities has launched the Science and Mathematics Teach-
er Imperative to improve STEM teacher preparation.®
Through the Physics Teacher Education Coalition (Phys-
TEC), the American Physical Society and the American
Association of Physics Teachers have increased substan-
tially the number of physics teachers at PhysTEC-support-
ed sites and raised awareness on issues related to physics
teacher education throughout the physics community.3637
Indeed, each of these programs is a step in the right direc-
tion. But many more physics teachers are needed than can
be prepared by these programs alone.

“...the overwhelming majority of
students come to college without a
deep understanding of foundational
ideas in physics.”

The challenge of improving physics teacher education

Many high school physics teachers have a profoundly
positive effect on their students” understanding of and ap-
preciation for the subject. Research shows, however, that
many high school physics courses are not effective: the
overwhelming majority of students come to college with-
out a deep understanding of foundational ideas in phys-

33. Division of Undergraduate Education, Robert Noyce Teacher Scholarship
Program. (National Science Foundation, Arlington, VA, 2011). Available at:
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5733.

34. National Math and Science Initiative. Available at: http://www.national-
mathandscience.org/index.php/uteach-programs/uteach-program.htmi.

35. Association of Public and Land-Grant Universities, Science and Mathe-
matics Teacher Imperative. Available at: http://www.aplu.org/page.aspx-
?pid=584.

36. Physics Teacher Education Coalition. Available at: http://www.phystec.
org/.

37. The American Chemical Society is also taking steps to address the severe
shortage of qualified chemistry teachers and has launched the Chemistry
Teacher Education Coalition, modeled after PhysTEC. See: http://portal.
acs.org/portal/acs/corg/content?_nfpb=true&_pagelLabel=PP_SUPER-
ARTICLE&node_id=888&use_sec=false&sec_url_var=region1&__uuid=-
2f29ae7f-c5e4-49b5-8c5a-b1546e5ef0ct.
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ics,% and high school physics students have no greater suc-
cess in introductory college physics courses than students
who instead took high school calculus.®*® To be sure, the
nation needs more teachers who themselves have a strong
background in physics. At least as important, however,
is the need for university-based educators to educate fu-
ture teachers in a way that will enable these teachers to
help their own students develop a deep understanding of
physics. In addition to recruiting some of the most talented
physics majors to teaching careers, the challenge is to iden-
tify the knowledge, skills, and dispositions of exemplary
physics teachers, and to build education programs that
focus on the development of these qualities in teachers in
sufficient numbers to meet the nation’s need.

T-TEP charge

In response to the shortage of physics teachers in the
United States and concerns over their effectiveness, the
American Physical Society, American Association of Phys-
ics Teachers, and American Institute of Physics formed
the Task Force on Teacher Education in Physics (T-TEP).
T-TEP was charged with documenting the state of phys-
ics teacher preparation and making recommendations for
preparing teachers for the 21st century. Specifically, T-TEP
investigated ways of increasing the number of qualified teach-
ers by looking for generalizable, yet flexible, strategies that
institutions—and in particular physics departments and
schools or colleges of education —can employ; best practices
that thriving physics teacher education programs employ;
and research, policy, and funding implications of these inves-
tigations for the nation.

In order to design a focused and in-depth study, the scope
of the charge was limited to physics teacher preparation.
Undoubtedly, improving U.S. science education also in-
cludes addressing issues of teacher intellectual autonomy,
salaries, and retention.**4' However, a critical piece of the

38. See pretest scores on diagnostic exams in college and university physics
courses in R. R. Hake, American Journal of Physics 66, 64-74 (1998), Fig.
1, and A. P. Fagen, C. H. Crouch, and E. Mazur, The Physics Teacher 40,
206-209 (2002), Fig. 2.

39. P. M. Sadler and R. H. Tai, “The two high-school pillars supporting college
science,” Science 317, 457-458 (2007). Available at: http://www.science-
mag.org/content/317/5837/457.summary.

40. B. Auguste, P. Kihn, and M. Miller, Closing the Talent Gap: Attracting and
Retaining Top-Third Graduates to Careers in Teaching, An International
and Market Research-Based Perspective (McKinsey & Company, New
York, 2010). Available at: http://www.mckinsey.com/clientservice/Social_
Sector/our_practices/Education/Knowledge_Highlights/~/media/Reports/
SSO/Closing_the_talent_gap.ashx.

41. R. M. Ingersoll and H. May, The Magnitude, Destinations, and Determi-
nants of Mathematics and Science Teacher Turnover. (Consortium for Pol-
icy Research in Education, 2010). Available at: http://www.gse.upenn.edu/
pdf/rmi/MathSciTeacherTurnover.pdf.

solution involves the institutions that recruit and prepare
physics teachers. This report identifies specific problems
with physics teacher preparation in the U.S. and offers an
integrated set of recommendations to improve it.

Outlook for the future, informed by the past, rooted
in present initiatives

As T-TEP was conducting its investigation, it became clear
that it was not the first body to look carefully at the state of
physics teacher preparation in the United States and issue
recommendations for improvement. The section entitled
“Foundational Material I: Historical Context” collects the
most relevant reports that have been written on the sub-
ject since 1880 and underscores similarities among some
of the recommendations. We are cautiously optimistic that
the recommendations of the present report will not go un-
heeded as have those of most previous reports. There are
four important historical and contextual differences that
inform our optimism. First, the demand for specialized
physics teachers (teachers who spend most or all of their
time teaching physics), both in absolute numbers and in
the proportion of all those assigned to teach physics, is at
the highest level ever. Second, the fingers of global compe-
tition have reached every community in this country and
are knocking loudly on the doors of higher education in
ways that were unthinkable even a few years ago. Third,
professional societies have launched significant national
efforts of unprecedented scope to help the nation meet its
STEM education challenges. Finally, the advent of physics
education research and research on physics teacher educa-
tion have placed recommendations on a firmer scholarly
footing than ever before. These factors are catalyzing a re-
sponse that might well be our best chance to turn around
the tide of mediocrity and to place physics in its proper,
well-deserved place in the U.S. education system, as a
foundation of all science and as a primary means of gain-
ing knowledge of the world.
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Chapter 2: Data Sources and Methodology

-TEP engaged in a wide variety of data-gathering ac-

tivities—exploring all known and available sources of
relevant information—to investigate the status of physics
teacher education and to document exemplary programs.
Those physics teacher education programs that appeared
to be performing at the highest level were probed by T-TEP
more deeply than had been reported in any previous in-
vestigations. This chapter provides a brief description of
the primary data sources and data-gathering methods.

Goals for data gathering included:

® ascertaining the number of physics teachers pro-
duced per institution per year for all U.S. institutions

® characterizing major features of active physics teach-
er education programs

* documenting in detail some of the most successful
physics teacher education programs

Data from States

T-TEP contacted teacher-certification departments in all 50
states and the District of Columbia to gather data on the
number of teachers newly certified to teach physics. These
departments were asked to provide the number of initial
certifications in physics granted per institution per year
for the previous 6 years, (2001-2007 in most cases). As each
state has its own standards and types of certification (e.g.,
certification in physics, physical science, general science,
etc.), T-TEP asked for a list of certifications that would al-
low a teacher to teach high school physics as well as for a
count of all such certifications awarded at each institution
each year. While some states offer a general science certi-
fication, T-TEP asked states not to include these in their
counts of physics certifications because such certifications
were deemed too broad to indicate sufficient preparation
to teach physics.

In total, 36 states responded. Some reported, however, that
they did not gather the information requested, or they did
not have the resources to generate the requested report.
Some reported that they only offered a general science cer-
tification and did not have a certification more specific to
physics. In some cases, states could provide data only on
the number of recommendations for licensure or program
completers, and T-TEP accepted this as a proxy for the
number of initial physics certifications. In sum, there were
useable data from 17 states.

Data from Schools of Education

T-TEP contacted the American Association of Colleges of

Teacher Education (AACTE), which generously shared
data from its approximately 700 members. The data con-
sisted of the number of graduates from physics education
programs each year for the academic years 2004-2005 and
2005-2006. T-TEP totaled the number of students who com-
pleted programs leading to initial certification, including
bachelor’s, post-baccalaureate, and masters programs; stu-
dents who completed programs for advanced certification
and other programs were not included. Eight institutions
were removed from the data set due to suspected errors
in self-reported data; if the change in the number of initial
certifications between the two academic years was 10 or
greater, the data from the institution were excluded.

Survey of Physics Department Chairs

T-TEP contracted with the Statistical Research Center
(SRC) of the American Institute of Physics to conduct a
survey of physics departments about teacher education ef-
forts. T-TEP decided that the survey should focus primari-
ly on programs in physics departments that were intended
to prepare undergraduate physics majors for high school
physics teaching.! SRC staff members collaborated with
T-TEP members to develop a survey instrument designed
to:

e identify physics departments with physics teacher
education programs;

* collect data on the number of graduates coming out of
those programs and the number of faculty involved
in the programs; and

e identify the extent to which these programs included
features of specific interest, such as having a master
teacher or a formal relationship with the school of ed-
ucation.

The survey instrument is in Appendix A.2; it consists of
19 multiple-choice and short-answer questions. Note that
the wording of the survey questions is very specific and
precise, and the statistical results must be interpreted with
due caution in recognition of this precise wording. In par-
ticular, results related to undergraduate-level programs
may not be generalized to graduate-level programs or pro-
grams for in-service (practicing) teachers, and vice-versa.

The survey was conducted exclusively online. T-TEP
contacted all 754 departments that awarded a bachelor’s
in physics in 2009 and invited the chairs of those depart-

1. Physics departments were also asked about graduate-level programs or
courses to prepare physics teachers; fewer than 10% reported having
such programs or courses.

T-TEP



Transforming the Preparation of Physics Teachers: A Call to Action

ments by e-mail to participate in the study. After the ini-
tial e-mail, department chairs who did not respond to the
survey were contacted up to four more times during June
and July of 2009. In sum, there were a total of 578 survey
responses (77% response rate). Appendix A.1 contains a
detailed breakdown and discussion of the survey results,
written by SRC personnel.

Follow-up to Physics Chairs Survey

To verify and enrich survey data, T-TEP conducted fol-
low-up telephone interviews and site visits; see below. In
particular, T-TEP focused on the 37 institutions reporting
at least four students completing a physics teacher educa-
tion program during the previous two years, i.e., averag-
ing at least two students completing such a program each
year. These interviews and site visits formed the basis for
T-TEP’s findings about the most active pre-service phys-
ics teacher education programs.2 Through a combination
of telephone interviews and site visits, T-TEP followed up
with 30 of these 37 programs (over 80%) which were grad-
uating physics teachers at the highest rates. T-TEP also
interviewed faculty members from several large physics
departments that had reported low numbers of graduates,
to gather comparison data and additional perspective.

When information obtained by follow-up interviews and
site visits differed from survey responses, T-TEP replaced
the survey response data. For example, in 16 cases the sur-
vey response data on the number of graduates from un-
dergraduate physics teacher preparation program during
the previous two years differed from that obtained from a
phone interview or site visit. In all but two of these cases,
the number of graduates obtained through interviews or
site visits was lower than the survey response by one or
two individuals.

Telephone Interviews

The purpose of the telephone interviews was twofold: to
verify the information captured by the online survey and
to gather further information about physics teacher educa-
tion programs reporting a relatively large number of phys-
ics education graduates. T-TEP members interviewed the
member of the department who was identified in the online
survey as the most knowledgeable about the physics teach-
er education program. A standard protocol guided the in-
terviewers’ questions, but interviews typically expanded to
cover a broad range of topics in considerable depth.?

Through the interviews T-TEP confirmed that, as noted
above, there was a modest tendency to overestimate the

2. See this Report, Chapter 3: Findings.
3. The interview protocol is in Appendix A.3.
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number of program graduates, but that nonetheless the
numbers supplied on the physics chairs’ survey were suf-
ficiently accurate to validate the categorization of “active
program” for nearly all of the interviewed programs. This
gave T-TEP confidence that the institutions interviewed
were indeed among the most active pre-service physics
teacher education programs in the United States. Interview
responses made it clear, however, that answers supplied to
certain survey questions were not reliable, including the
number of faculty involved in teacher education and the
degree of involvement of master teachers. T-TEP does not
know the reason for this unreliability. It could have been
due to misinterpretation of questions, lack of knowledge
about programs, or still other unknown factors. Therefore,
survey data were not reported where there were signifi-
cant disagreements with interview data.

Site visits

The purpose of the site visits was to identify common el-
ements among programs that were successful in prepar-
ing relatively large numbers of qualified physics teachers.
Site-visit teams typically consisted of one T-TEP member,
one professional society member, and one additional per-
son knowledgeable about physics teacher education.

To identify sites, T-TEP first e-mailed all physics depart-
ment chairs in June 2008, inviting them to nominate their
physics teacher education programs for a site visit and
send:

1. the name and contact information of a person knowl-
edgeable about the program;

2. abrief description of the program and reasons it would
be of interest to the community;

3. the number of high school physics teachers educated
by the program during the previous five years;

4. any supplementary materials that would help describe
the program.

T-TEP also e-mailed schools of education a similar request,
but this generated very few responses. In addition, about a
dozen programs that did not respond to the initial inquiry,
but were known to T-TEP members, were contacted and
invited a second time. Several additional responses came
from this second round of inquiries.

T-TEP reviewed the approximately 150 total nominations
and decided to consider only those programs that provid-
ed a complete pathway to certification or endorsement
to teach physics. This necessarily left out many excellent
programs that provide much needed professional develop-
ment for in-service teachers, but do not offer a comprehen-
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sive program to prepare new physics teachers. T-TEP also
chose to consider only those programs that graduated an
average of at least two physics teachers per year (termed
“active programs”). This cutoff was used in keeping with
T-TEP’s charge to identify strategies for recruiting and
preparing relatively large numbers of physics teachers. Fi-
nally, the site selection subcommittee chose programs on
the basis of perceived overall excellence and to achieve a
diverse and geographically distributed portfolio of insti-
tutions, including research-intensive, comprehensive, lib-
eral-arts, and urban-serving institutions, as well as former
teachers colleges. Of the dozen programs selected for site
visits, T-TEP included three programs that focus on in-ser-
vice physics teacher education rather than pre-service
preparation in order to provide insight on this pathway to
physics teaching.

Sites were sent a detailed questionnaire about the program
to be returned in advance of the site visit. In addition,
T-TEP sent a Memorandum of Understanding explicitly
stating the terms under which the site visit was to be con-
ducted.® Site visits lasted about two days, and included
discussions with physics and education faculty involved
in the program, their respective chairs, deans, and, in some
cases, higher-level administrators. Site-visit teams also
observed program classes and met with program gradu-
ates as well as current program students. Where feasible,

4. The site visit questionnaire is in Appendix B.4.
5. The Memorandum of Understanding is in Appendix B.3.

site-visit teams also observed program graduates teach-
ing high school students, and held discussions with the
teachers’ high school administrators. After the site visit,
the team wrote a detailed report of their observations. The
report was shared with the entire task force and the leaders
of the teacher education program to verify accuracy.

Additional Sources

In addition to the data-gathering activities described above,
T-TEP consulted extant research results, national reports,
and books on science teacher education, physics and phys-
ics teacher education, and the state of student achievement
in science and related fields. T-TEP also reviewed and an-
alyzed hundreds of relevant research papers and reports
published during the past 130 years.® Finally, T-TEP also
sought advice from teacher education experts, foundation
program officers, and policy makers, and collaborated
with other organizations with a shared interest in teacher
education, including the Association of Public and Land-
Grant Universities, Knowles Science Teaching Foundation,
and American Chemical Society.

6. See “Resources for the Education of Physics Teachers” at the end of this
Report.

T-TEP
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he United States’ system of preparing physics teachers

is inadequate to address the current and future needs
of the nation’s students. Indeed, there really is no “system”
and, for the most part, the education of physics teachers
in the U.S. is neither systematic nor efficient. T-TEP found
that most U.S. physics teachers have neither a major or
minor in physics, while the overwhelming majority nev-
er graduated from or even participated in any program
designed to help them learn how to teach physics. Over
90% of physics teachers in the U.S. are educated in pro-
grams that are not designed to offer coherent or systematic
preparation in classroom physics teaching. Most students
in these programs do not have the benefit of mentoring by
expert physics teachers, and do not receive any early ex-
periences in actual physics teaching. They are not exposed
to the wealth of modern research on physics learning or to
the vast array of research-based physics curricula and in-
structional methods developed in recent decades. Instead,
they are left to find their own way in programs that are
largely ad hoc, and that provide little guidance before or

“...most physics teachers devel-
op their skills through on-the-job
practice, teaching a subject that
they never intended to teach, nor
were trained to teach.”

after students begin their teaching careers. Consequently,
most physics teachers develop their skills through on-the-
job practice, teaching a subject that they never intended to
teach, nor were trained to teach. All of this is in dramat-
ic contrast with typical practice in many other nations, in
which preparation of physics teachers is thoroughly sys-
tematized, strongly supported, and highly valued.

T-TEP made the following eight findings. The first finding
is split into two interrelated statements.

1(a). Few physics departments and schools of education
are engaged in the professional preparation of physics
teachers.

In a nationwide survey, T-TEP found that only 20% of all
physics departments are actively engaged in physics teach-

er education (PTE)," defined as having a PTE program that
had graduated at least one student in a recent two-year
period.? Figure 5 on the next page provides more detail re-
garding the 578 physics departments that responded to the
survey (this corresponded to a 77% response rate). While
36% of physics departments reported having a PTE pro-
gram, barely over half of these reported any recent gradu-
ates, suggesting they have a program that existed only on
paper. Others reported a program elsewhere on campus;
however, the lack of close connection with the physics de-
partment likely limited the effectiveness of many of these
programs in recruiting physics students.

Following a similar pattern, only 23% of schools of educa-
tion belonging to the American Association of Colleges for
Teacher Education (AACTE) reported a program with PTE
graduates over a recent two-year period.> Many of these
were the same programs reported by physics departments,
since institutions typically have joint programs in which
students take content courses in physics and complete cer-
tification requirements in education. Data collected from
state education agencies echoed the data from physics
departments and schools of education; about half of the
nearly 500 institutions for which there were data report-
ed no physics certifications in a recent two-year period.*
This is particularly striking in view of the fact that mere
certification to teach physics is typically a lower bar than
graduation from a PTE program, since requirements for
state certification can be as little as passing a single exam
or taking a very small number of physics courses.

1(b). Physics teacher education programs produce very
few graduates, making it difficult to justify dedicated
staff, specialized courses, and other resources.

In all data sources consulted, T-TEP found very few stu-
dents graduating from PTE programs; the vast majority
of programs have fewer than two graduates per year, and

1. There are multiple pathways to becoming a physics teacher with varying
state standards and certification requirements. Hence, for the purposes
of this report and to standardize the data, T-TEP agreed that (whenever
possible) it would count as qualified new physics teachers only those in-
dividuals who had a major or minor in physics or an equivalent amount of
course work, and who had met the necessary requirements for physics
teacher certification or endorsement in their state.

2. In the T-TEP survey, a PTE program was defined as a track, concentra-
tion, or specialization designed to prepare students for high school physics
teaching. See Appendix A for a full report on the survey.

3. Private communication from the American Association of Colleges for
Teacher Education.

4. States reporting physics certification data by institution and by year includ-
ed CA, CT, FL, IL, IN, LA, MA, MD, MN, ND, NH, NY, OH, TX, WA, WI, and
WV.

T-TEP
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the most common number of graduates is zero. Figure 6
shows the distribution of PTE graduates as self-reported in
the physics department survey. This distribution is severe-
ly skewed toward low producing programs, which is also
true of the other data sets T-TEP examined. If an “active
program” is defined as averaging just two or more PTE
graduates per year, only 37 physics departments make that
cut, that is, 7% of all responding departments.® Very nearly
all physics departments reported four or fewer PTE gradu-
ates per year. Just six programs exceed this cutoff, ranging
from 7 to 13 PTE graduates per year.

With such low numbers of students, administrators very
likely regard PTE programs as having low priority. Our
conjecture was that the low numbers would make it diffi-
cult for departments to justify acquiring or assigning staff
with expertise to lead such programs or offer courses spe-
cific to physics pedagogy. Telephone interviews conduct-
ed with active programs in physics departments substanti-
ated this conjecture. Lower producing programs likely fare
even worse. This raises concerns about the quality of the
preparation received by future physics teachers.

A likely factor contributing to the very low numbers of
PTE graduates was that most physics departments do not
carry out substantial formal recruitment efforts specific to
their PTE program. In telephone interviews with the active
programs, T-TEP found that while physics departments
typically listed and promoted all degree tracks, few direct-
ly encouraged students to become high school teachers
or sought and identified students who had an interest in
teaching. Recent studies suggest that active recruiting by
faculty may significantly increase the number of students
considering a teaching career. 8

2. Without exception, all of the most active physics teach-
er education programs have a champion who is person-
ally committed to physics teacher education. With few
notable exceptions, these program leaders have little in-
stitutional support.

Every single active PTE program has at least one faculty

5. There were 176 physics departments that did not respond to the T-TEP
survey, and a few of these might have also fit the definition of an “active
program,” i.e., averaged two or more PTE graduates per year. Late re-
sponders to the survey were more likely to be programs that produced
very few or no graduates, and T-TEP hypothesized that non-responders
were similar to the late-responders in that regard. This implies that the
fraction of non-responders with an “active program” was likely to be less
than that of responders. Consequently, T-TEP is fairly confident that there
are a total of at most 50 “active programs” in the nation (at least 2 gradu-
ates per year) in which the physics department was strongly involved.

6. For example, V. Otero, S. Pollock, and N. Finkelstein. “A physics depart-
ment’s role in preparing physics teachers: The Colorado learning assistant
model,” American Journal of Physics 78, 1218 (2010).

member who served as its champion. These champions
are personally committed to physics teacher preparation.
They are usually the primary advisors and mentors to
physics education students during the time those students
are involved with the physics department.” The champi-
ons typically work to improve coherence among physics
department offerings, school of education requirements,
and state certification requirements. They take advantage
of or expand flexibilities in the system in order to optimize
programs for individual students. Champions also seek
out whatever resources might be available to support the
program, and tend to be advocates for the program within
the department and, if they have access, with university
administrators.

It became apparent early in T-TEP’s investigation that a
champion is central to the success of a PTE program. Most
institutions with active programs have a single champion.
At a few institutions, a team of individuals is committed to
physics teacher preparation, such as one physics and one
education faculty member, or two physics faculty mem-
bers. In such cases the roles of the champion are shared
among the team members. In a few other cases, the cham-
pion creates a position or positions to run the PTE program
on a day-to-day basis, which allows the champion to focus
on building and maintaining departmental and institu-
tional support. At a few institutions, the champion has ex-
tensive high-school physics teaching experience, but more
often they have little or none. In a very few cases, there are
active programs where the PTE program still enjoys the

“.fewer than 30% of physics
chairs reported any recognition,
support, or tangible rewards for
faculty members involved in their
department’s PTE program.”

residual benefits of a champion who had recently left the
institution; however, in such cases it appears that the num-
ber of students enrolled in the PTE program has decreased.
In most cases, institutional and departmental recognition
and support for the champion as well as for the PTE pro-
gram is minimal and not commensurate with the amount
of work involved. Indeed, fewer than 30% of physics chairs
reported any recognition, support, or tangible rewards

7. Advising responsibility typically transferred to the school of education as
students completed their physics degree or began student teaching.

T-TEP
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Where do new physics teachers come from?

Each year, about 3,100 teachers' find themselves at the front of a high school physics classroom for the first time. Yet, the total number
of PTE graduates reported by physics departments, around 200 per year? is tiny in comparison. Similarly, schools of education belonging
to AACTE report about 270 PTE graduates per year,? a number that likely includes many of the same PTE graduates counted by the
physics departments. Where do all the new teachers of physics come from, if not from PTE programs?

These 3,100 new physics teachers fall into two broad categories: (1) those who are brand new to any sort of high school teaching, and
(2) experienced in-service high school teachers who are teaching physics for the first time. Most new teachers of physics had little con-
nection with physics departments in their preparation; about a third of those new to high school teaching have a degree in physics or
physics education.” These new teachers enter the physics classroom through a variety of pathways, including earning a general science
certification that allows them to teach physics, taking a physics content exam (of variable quality and cutoff score) without having com-
pleted a physics degree, or receiving a temporary or emergency certification. However, even the 32% with a degree represent far more
than the number estimated to have graduated from PTE programs in physics departments. Some students get a traditional physics
degree and after graduation choose to enter a teacher certification program; these students would likely not be counted among physics
PTE graduates. An even more significant source of physics teachers appears to be the so-called “career changers:” AIP reports that over
half of all those first-year physics teachers who are new to high school teaching appear to be second-career teachers, entering teaching
at a median age of 30.> Many of these second-career teachers enter through alternative certification programs;® such programs typically
have only a loose affiliation with a college or university, if any, and tend to be poor quality”

It is also important to realize that over half (about 1,700) of the new teachers of physics are actually in-service teachers who taught
other subjects before starting to teach physics? The large number of in-service teachers newly assigned to physics reflects, in part, the
degree to which science teachers are reassigned to meet changing staffing needs.? For example, a school that needs to add one or two
sections of physics often finds it easier to assign these to a teacher already on staff than to hire a new teacher. It also partly reflects the
unmet demand for more physics teachers created by teacher retirements and by growth in the number of high school students taking

1. Susan White and Casey Langer Tesfaye, Turnover Among High School Physics Teachers (American Institute of Physics, College Park, MD, 2011).
Available at: http://www.aip.org/statistics/trends/reports/hsturnover.pdf.

2. This value is found by summing the numbers of graduates represented in Fig. 2. If 176 non-responding physics departments are included, the total
number of PTE students graduating from physics department programs can be estimated to be at most 270 per year.

3. Source: Private communication from AACTE.

4. The precise figure was 32% in 2005 and is little changed since then; see pp. 17 and 38 in: Michael Neuschatz, Mark McFarling, and Susan White,
Reaching the Critical Mass: The Twenty Year Surge in High School Physics; Findings from the 2005 Nationwide Survey of High School Physics
Teachers (American Institute of Physics, College Park, MD, 2008). Available at: http://www.aip.org/statistics/trends/reports/hs05report.pdf. The
educational background of physics teachers who are new to high school teaching (i.e., the proportion with majors in physics or physics education)
is very similar to the background of all physics teachers. Moreover, the total proportion of teachers with a major or minor in physics or physics ed-
ucation has been fairly stable for about 20 years; see: Susan White and Casey Langer Tesfaye, Who Teaches High School Physics? Results from
the 2008-09 Nationwide Survey of High School Physics Teachers (American Institute of Physics, College Park, MD, 2010). Available at: http://www.
aip.org/statistics/trends/reports/hsteachers.pdf.

5. See page 37 in: Michael Neuschatz, Mark McFarling, and Susan White, Reaching the Critical Mass: The Twenty Year Surge in High School Phys-
ics; Findings from the 2005 Nationwide Survey of High School Physics Teachers (American Institute of Physics, College Park, MD, 2008). Available
at: http://www.aip.org/statistics/trends/reports/hs05report.pdf.

6. T-TEP did not seek to study or collect data from alternative certification programs due to the wide variation among these programs, and because
many of them are independent of colleges and universities.

7. David Haselkorn and Karen Hammerness, Encore Performances: Tapping the Potential of Midcareer and Second-Career Teachers (WWoodrow
Wilson National Fellowship Program, Princeton, NJ, 2008). Available at: http://www.woodrow.org/images/pdf/policy/EncorePerformances_0908.
pdf.

8. The majority of these in-service teachers taught two to five years before starting to teach physics: Susan White and Casey Langer Tesfaye, Turn-
over Among High School Physics Teachers (American Institute of Physics, College Park, MD, 2011). Available at: http://www.aip.org/statistics/
trends/reports/hsturnover.pdf.

9. These needs reflect both changes in student enroliment and losses of teachers to retirement or to transfers out of physics teaching; see Ref. 10.



Chapter 3: Findings

physics.”® Figure 7 summarizes the factors contributing to the annual turnover of high school physics teachers.

The multitude of pathways that lead to the physics classroom, and their widely varying quality, present a challenge for physics teacher
educators. Many, if not most, of these pathways do not adequately prepare teachers of physics with respect to content and pedagogy.
Furthermore, the great majority of future physics teachers, especially those who are underprepared, are invisible to physics departments
and schools of education since these teachers do not participate in designated PTE programs and may not otherwise identify them-
selves. There is a long and continuing tradition of attempting to address this problem by providing professional development programs
for practicing teachers; indeed, a few effective in-service professional development programs do exist."" However, T-TEP believes that
without greatly improving the number and quality of both pre-service and in-service programs, the nation’s universities will not be able
to provide an adequate pool of qualified candidates for schools looking for their next physics teacher.

Physics teacher annual turnover
4000
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In-service teachers
2000 (1700)
Left phy5|cs PTE graduates First-year
1000 classroom (270 estimated) teachers*
(2100) \ (1400)
0 ANNNNNNNNNNNNNNNNNNNNNNN
Retirements .
(1000) New to physics
-1000 : classroom
Assigned to (3100)
other subjects
2000 (1100)
*First-year teachers are new
to high school teaching.
-3000

Figure 7. Physics teacher annual turnover

10. About 1000 physics teachers retire or leave teaching each year: Susan White and Casey Langer Tesfaye, Turnover Among High School Physics
Teachers (American Institute of Physics, College Park, MD, 2011). Available at: http://www.aip.org/statistics/trends/reports/hsturnover.pdf. In ad-
dition, about 1100 teachers each year stop teaching physics but continue teaching in high school, a significant source of turnover in the physics
teacher workforce. These 1100 teachers are permanently reassigned to other subjects and do not return to teaching physics. Source: private
communication with Susan White, AIP Statistical Research Center. Nonetheless, the total number of physics teachers has recently been growing
by about 1000 teachers per year, spurred on by an ever-increasing number of high school students taking physics: Susan White and Casey Langer
Tesfaye, Who Teaches High School Physics? Results from the 2008-09 Nationwide Survey of High School Physics Teachers (American Institute of
Physics, College Park, MD, 2010). Available at: http://www.aip.org/statistics/trends/reports/hsteachers.pdf.

11. For example, G. Amann, J. Mader, K. J. Matsler, and J. Nelson, “AAPT/PTRA—A Part of the Solution,” The Physics Teacher 49, 560 (2011)
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for faculty members involved in their department’s PTE
program. Many champions stated that lack of time and/
or resources are barriers to improving their program. The
consistent absence of support for these champions reflect-
ed a widespread lack of institutional commitment to the
preparation of qualified physics teachers.

3. Institutional context appears to be a significant factor
in the engagement of physics departments in physics
teacher education.

Not surprisingly, larger institutions as well as larger phys-
ics departments are somewhat more likely to have at least
one PTE graduate in a recent two-year period. However,
size is by no means the only significant factor. A linear
model showed that only 5% of the variation in the num-
ber of PTE graduates could be explained by the number of
physics bachelor’s degrees a department granted.®

Another significant factor is the highest degree awarded
by the physics department. About 23% of bachelor’s- and
master’s-granting departments reported at least one PTE
graduate in a recent two-year period, compared to only
13% of Ph.D.-granting departments. Moreover, students
from bachelor’s- and master’s-granting departments make
up three-quarters of the total number of PTE graduates,
but only about half of all physics bachelor’s.® There are a
number of possible reasons for the greater engagement of
bachelor’s- and master’s-granting departments, including
these departments’ sense of their mission as well as the in-
terests of students that attend such institutions.

T-TEP also observed that many active PTE programs were
at colleges and universities that had historical or current
reputations as teacher-preparation institutions, including
former normal schools and teachers colleges. The data are
insufficient to confirm this link with certainty; however, it
seems reasonable that institutions with a strong reputation
for preparing teachers would tend to attract students inter-
ested in becoming teachers, or that physics departments as
well as university administrators would be influenced by
this context.

4. Few institutions demonstrate strong collaboration be-
tween physics departments and schools of education.

The vast majority of physics departments with a PTE pro-

8. The correlation coefficient between number of PTE graduates and number
of physics bachelor’s was = +0.23.

9. Patrick J. Mulvey and Starr Nicholson, Physics Undergraduate Degrees:
Results from the 2008 Survey of Enrollments and Degrees (American In-
stitute of Physics, College Park, MD, 2011). Available at: http://www.aip.
org/statistics/trends/reports/physund08.pdf.
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gram (about 90%) reported they have a relationship with the
school of education on their campus. In fact, 80% of these
departments named a contact in the school of education.
However, in most cases this relationship does not appear to
go very deep. Follow-up phone interviews with active PTE
programs revealed that the connection with the school of
education typically consisted of mutual awareness and oc-
casional meetings. Some physics departments with active
PTE programs reported participation in a program accred-
itation review with respect to the content courses required
for pre-service physics teachers. Even in cases where the
physics department and school of education share mutual
respect and a common sense of purpose, most physics de-
partments reported little regular communication with the
education schools.

Lack of close collaboration between physics and education
appears to compromise the quality of the PTE program
and result in an incoherent experience for students. Typi-
cally, once PTE students begin to focus on their education
coursework, physics departments have no further role in
advising these pre-service students. The student teaching
experience is usually managed entirely by the school of ed-
ucation, without any involvement from the physics depart-
ment. Responsibilities of the school of education include
finding classrooms in which to place student teachers, as
well as observing and supervising student teachers. Since
it is uncommon to find physics teaching expertise located
in a school of education, this means that student teachers
are typically not evaluated by expert physics teachers.

5. Physics teacher education programs do little to devel-
op the physics-specific pedagogical expertise of teachers.

Even among active PTE programs, most do not have for-
mal coursework on physics-specific pedagogy. The few
programs that do have formal instruction in physics ped-
agogy most often have a single course, and the enrollment

“The few programs that do have
formal instruction in physics
pedagogy most often have a
single course...”

is invariably low (fewer than 15 students). PTE programs
typically drop several upper-level physics courses from
the requirements for a physics major and add a number
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of education courses. Education courses reflect the broad
range of state certification requirements for high school
teachers. These often include a course on methods of
teaching secondary science; however, such courses do not
focus on teaching physics or any other specific discipline.
Student teaching is always a formal requirement, although
sometimes it is omitted in emergency or alternative routes
to certification.

Some programs find informal opportunities for students to
learn physics pedagogy. Many of these programs find posi-
tions for students as teaching assistants, lab assistants, phys-
ics tutors, or a similar physics teaching role. In the best cases,
students also receive mentoring to support the development
of their pedagogical knowledge and skills. A number of
programs offer a seminar-style course in which pre-service
students visit (and in some cases assist) local high school
physics classes and reflect on their experiences.°

6. Few programs provide support, resources, intellectual
community, or professional development for new phys-
ics teachers.

Very few active PTE programs in physics departments
keep track of their graduates once they leave the program.
While many champions express the desire to do so, most
admit that they do not have the required time and resourc-
es. Instead, the most common form of communication re-
ported between physics departments and their PTE grad-
uates was e-mail or a phone call initiated by the graduate
seeking help or advice from a department member, usu-
ally the champion. While it is more common for schools
of education to track their graduates, physics departments
are almost entirely unaware of whether this was happen-
ing at their institutions.

If programs do not track their graduates, they cannot pro-
vide mentoring, professional development and other sup-
port critical to the success and retention of new teachers.
This is especially important for physics teachers, most of
whom are the only one in their school" and cannot go to a
colleague down the hall for help with even basic questions
about teaching physics.

10. In many states, schools of education are required to coordinate and su-
pervise early field experiences for all pre-service teaching candidates. In
these cases, however, the experience is rarely physics-related and the
physics department typically has neither knowledge of nor authority over
the experiences.

11. In over 80% of the schools where physics is taught, there is only one
teacher teaching the subject: Casey Langer Tesfaye and Susan White,
High School Physics Teacher Preparation (American Institute of Physics,
College Park, MD, 2012). Available at: http://www.aip.org/statistics/trends/
reports/hsteachprep.pdf.

7. Few institutions offer a coherent program of profes-
sional development for in-service teachers, even though
most current physics teachers are not adequately pre-
pared to teach physics.

While investigating pre-service programs, T-TEP iden-
tified'? about a dozen institutions with programs to pre-
pare in-service teachers to teach physics.” In contrast to
isolated workshops and courses, these programs offer a
substantial and coherent pathway for in-service teachers
to get training needed to teach physics and/or earn a cre-
dential.' Unfortunately, the questions in the T-TEP survey
did not anticipate the wide variety of such in-service pro-
grams; consequently, it is difficult to give a quantitative es-
timate of their total number. However, given the very large
number of underprepared physics teachers—about 15,000
without any type of physics degree,' let alone knowledge
of physics pedagogy —we claim with confidence that the
number of in-service programs is not nearly sufficient to
meet the need.

Most of the in-service programs contacted by T-TEP stated
that they graduate at least 5 physics teachers per year, and
a few 10 or more. However, the definition of “graduate” for
such programs is often ambiguous, since neither a formal
degree nor certification is necessarily a goal. Still, while not
all graduates might count as new physics teachers, these
numbers are several times larger than typical numbers of
graduates for pre-service programs.'® In addition, course

12. T-TEP learned about in-service teacher education programs while solic-
iting nominations for site visits, surveying physics chairs, and conducting
follow-up phone interviews.

13. Afew of these in-service programs are profiled in Appendix C.

14. Programs that train in-service teachers to teach physics take many forms
and have varying objectives, from updating teacher competency to en-
abling teachers to obtain state credentials. While acknowledging the val-
ue of all these efforts, and in order to be consistent with its investigation
of pre-service programs, T-TEP decided to focus only on programs that
offered a substantial and coherent pathway that incorporated in-depth
preparation consisting of several related courses. In some cases these
might form the basis for obtaining a degree or credential, even if most
program participants did not actually seek such a degree or credential. In
other cases, there was no degree or credential available (perhaps due to
state credentialing requirements), but the program was judged to be com-
parable to other programs that did offer credentialing. Henceforward in the
text, “in-service program” is understood to refer to such programs.

15. There are 27,000 teachers of physics and 46% have a major or minor in
physics or physics education, which leaves 15,000 without any physics de-
gree: Susan White and Casey Langer Tesfaye, Who Teaches High School
Physics? Results from the 2008-09 Nationwide Survey of High School
Physics Teachers (American Institute of Physics, College Park, MD, 2010).
Available at: http://www.aip.org/statistics/trends/reports/hsteachers.pdf.

16. These numbers included teachers from a wide variety of backgrounds.
Some were seeking a credential in physics, for example, middle-school
or high-school teachers wanting or expecting to teach physics, or physics
teachers who were “out-of-subject-area” as defined by their state. Some
were currently certified physics teachers fulfilling state requirements to
maintain certification (many states require a masters degree after a certain
time period); others were physics teachers seeking professional advance-

T-TEP
19



Transforming the Preparation of Physics Teachers: A Call to Action

enrollments are often bolstered by teachers seeking pro-
fessional development rather than a credential or degree.
It is not unusual for in-service programs to serve dozens
of teachers on an annual basis, with the largest programs
serving 100 or more. It is difficult to estimate the national
impact of in-service programs given the incompleteness of
the data; however, it appears that this is a significant path-
way for educating new physics teachers.

Several in-service programs offer a masters degree from
the school of education or the college of arts and sciences.
They typically focus on material directly relevant to teach-
ing high school physics. Many in-service programs do not
require content beyond the introductory physics sequence
(usually algebra-based courses), and none go beyond the
equivalent of a physics minor. In addition, most programs
offer at least one course that addresses physics pedago-
gy, and some offer as many as three or four such courses.
While the physics content of many in-service programs
is relatively weak and needs improvement, instruction in
physics pedagogy is actually better than in typical pre-ser-
vice programs, which generally lack any such instruction.

In-service programs are often funded through external
grants, although in some cases programs are at least in part
supported by tuition paid by teachers.!” External funding
appears to be much more readily available for in-service
programs than for pre-service programs, continuing a tra-
dition extending back over 60 years.'® However, due to de-
pendence on external funding, both the level and structure
of these programs—and even their very existence—can
vary from year to year.

8. Thriving physics teacher education programs exist that
can serve as models and resources for other institutions.

T-TEP identified a number of thriving programs.'® These
programs were defined as “thriving” because they are
highly productive, graduating at least two students per
year and as many as 12 per year. They also have excep-
tional characteristics that impressed T-TEP as being well
grounded in educational theory and as corresponding to
“best practices.” No program has all of the characteristics

ment or simply wanting to deepen their physics content and/or pedagogi-
cal knowledge.

17. Grants from federal and state agencies are common, including the NSF
Math and Science Partnership (MSP) program, state MSP grants origi-
nating from the U.S. Department of Education, and funds from the federal
Elementary and Secondary Education Act (also known as No Child Left
Behind) administered by state agencies.

18. See this Report, “Foundational Material I: Historical Context of U.S. Phys-
ics Teacher Education,” p. 32.

19. See Appendix C for descriptions of thriving programs visited by the task
force.
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described below, but all highly productive programs have
several of them.

Recognition and support for the champion

In most of the highest producing PTE programs, the ef-
forts of faculty members who champion the program are
rewarded and given substantial recognition from both the
physics department and the institution. Significant course
load modification as well as material and financial resourc-
es are made available to the champion for implementation
of program activities. In some cases, these faculty mem-
bers’ efforts carry substantial weight towards promotion
and tenure decisions. Simply put, institutions with the
most productive PTE programs not only have a champion,
but also provide the support needed to run a successful
program.

Targeted recruitment of pre-service physics teachers

A number of highly productive PTE programs implement
targeted recruiting efforts. Such efforts include brochures
directed at high school students and teachers, regular
get-togethers for students in the PTE program and those
who expressed interest in the program, and methods for
identifying and tracking students interested in becoming a
high school physics teacher. In several cases, the champion
has established an extensive network of faculty and staff
to refer students who expressed any interest in teaching.
Students are often assisted with the logistics of applying to
the PTE program. In several of these physics departments,
teaching is presented as a viable career option—not a fall-
back position—for even the best physics students; at the
very least, top students are not discouraged from becom-
ing high school physics teachers.

“In several of these physics
departments, teaching is present-
ed as a viable career option—not a
fallback position—for even the
best physics students...”

Active collaboration between physics departments and
schools of education

In contrast to the norm, a few institutions have extensive in-
teractions between the physics department and the school
of education. In some cases, there is a faculty member with
a joint appointment in both physics and education; in oth-
ers, there is a faculty member specializing in physics ed-



Chapter 3: Findings

ucation located in either physics or education who helps
build a bridge between the two. Extensive interactions
often lead to joint projects resulting in co-funding and/or
joint publications. With regard to the PTE program, such
interactions may include, for example, joint responsibility
for course planning and student mentoring. In some cases,
physics pedagogy courses are designed and implemented
by both physics and education faculty; in other cases, fac-
ulty collaborate to offer physics-specific teaching experi-
ences in local schools or other settings. In exceptional cas-
es, physics faculty are actively involved with the school of
education in placing, observing, supervising, and/or men-
toring pre-service candidates who are student teaching.

A sequence of courses focused on the learning and teaching
of physics

Some PTE programs include one or more courses focused
specifically on physics pedagogical knowledge. These
courses include, for example, research findings about stu-
dents’ reasoning and learning difficulties in physics, re-
search-based physics curricula and instructional methods,
history and philosophy of physics and physics education
with specific applications to high-school teaching, oppor-
tunities for students to plan and present lessons to fellow
students, and practical, first-hand experience with labora-
tory techniques and active-learning instructional methods.
In some cases, this coursework is integrated with teaching
experiences designed to provide opportunities for practice
and further development of physics-specific pedagogical
knowledge and skills.

Early teaching experiences led by the physics department
In many of the most productive PTE programs, early
teaching experiences specific to physics are a regular part
of the program and are required or encouraged for all par-
ticipants. These experiences are led by the physics depart-
ment and sometimes carried out in collaboration with the
college of education. PTE students participate in instruc-
tional activities by serving as teaching assistants in labo-
ratories, recitation sections, or in interactive lectures, or
by serving as tutors for students enrolled in introductory
physics courses. In some cases, PTE students are involved
in teaching physics to pre-college students, for example,
during outreach events or visits to local schools as part of a
formal course offered by the physics department.

Individualized advising of teacher candidates by knowl-
edgeable faculty

It is common for thriving PTE programs to offer their stu-
dents individualized advising by faculty who have exten-

sive knowledge about physics teaching as well as require-
ments for certification. These faculty provide professional
nurturing and an intellectual home for PTE students. They
are typically proactive, looking out for the needs of indi-
vidual students and helping them structure their degree
programs most efficiently.

Mentoring by expert physics teachers

A few physics departments engage an expert second-
ary-school physics teacher (or teachers) in the PTE program
who mentors pre-service candidates. The expert physics
teacher, sometimes referred to as a “Master Teacher,” can
speak from experience and offer practical advice on how to
teach physics in the high school setting. In some cases this
individual is still actively engaged in high school teaching
while in other cases they are former or retired teachers.

“In exceptional PTE programs,
faculty track and actively maintain
contact with their graduates, offer-
ing ongoing support and encour-
agement during the initial years of
teaching.”

A rich intellectual community for graduates

In exceptional PTE programs, faculty track and actively
maintain contact with their graduates, offering ongoing
support and encouragement during the initial years of
teaching. These programs often report a strong sense of
community among graduates, fostered by regular gather-
ings led by program faculty. In addition, PTE students typ-
ically have opportunities to meet with program graduates
and exchange ideas and experiences, further extending the
community. The champion typically devotes considerable
time and energy to building and supporting this commu-
nity. In many cases, structures such as listservs are in place
to facilitate communication among the various constitu-
ents of this community even as individuals leave or move
away from the institution.
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hese recommendations address T-TEP’s findings, and

reflect a synthesis of relevant results from the literature
on science teacher education and development. The 12 rec-
ommendations are grouped in three categories—commit-
ment, quality, and capacity. A well-recognized commitment
to physics teacher education is necessary, as are specific
efforts to improve the quality of teacher professional prepa-
ration systems and boost the capacity of institutions to ed-
ucate sufficient numbers of physics teachers to meet the
national need. We conclude our recommendations with a
national proposal for regional centers in physics education
that embody the 12 recommendations.

Commitment

Physics and education departments, university adminis-
trators, professional societies, and funding agencies must
make a strong commitment to discipline-specific teacher
education and support.

1. Institutions that consider the professional prepara-
tion of science, technology, engineering, and mathe-
matics (STEM) teachers an integral part of their mis-
sion must take concrete steps to fulfill that mission.

Concrete steps should include hiring or appointing
a PTE program leader or leaders, i.e., specific faculty
members who have both a scholarly interest in and
professional commitment to physics teacher prepara-
tion. These leaders should be able to devote a major
portion of their professional time to the teacher prepa-
ration effort. Such a leader or leadership team should
be knowledgeable about the local K-12 school context
and be able to influence the decision-making processes
of the physics department. The leadership team could
include a Master Teacher, i.e.,, a K-12 teacher with
strong disciplinary knowledge and evidence of posi-
tive impact on student learning, or a scholar who has
earned a doctorate in physics education research and
who also has professional experience in K-12 teach-
ing. The institution should support these leaders with
adequate funding and other resources, and reward
them with professional advancement. University pres-
idents, provosts, deans, and department chairs should
provide support so programs can flourish.

2. Physics departments should recognize that they have
a responsibility for the professional preparation of
pre-service teachers.

a. Physics faculty should encourage students to con-
sider teaching as a career option and ensure that

interested students receive assistance in pursuing
this goal. Physics faculty members advising future
teachers should become informed about state re-
quirements and university programs for obtaining
certification to teach physics.

b. Physics departments should develop a welcoming
and encouraging environment that shows respect
for the scholarship and practice of teaching. Phys-
ics faculty should encourage their best students to
consider teaching and should promote teaching as
an intellectually challenging endeavor. Teaching
should be promoted as a legitimate career option on
par with other options in research or industry.

“Physics faculty should encour-
age their best students to consider
teaching and should promote teach-
ing as an intellectually challenging
endeavor.”

c. Physics departments that have made teacher prepa-
ration part of their mission should develop a rig-
orous track for future physics teachers that is in-
formed by the state standards prescribing what has
to be taught in high school physics. Physics depart-
ments should ensure that all the physics courses in
the program for future physics teachers are both
necessary and appropriate. The rigor of the track
should be derived not only from the physics con-
tent but also from a sequence of courses that are fo-
cused on the teaching and learning of physics.

d. Physics faculty should build a relationship with the
education department faculty who are responsible
for science teacher preparation and should assist
students interested in teaching physics in contact-
ing them.

Schools of education should recognize that programs
to prepare physics teachers must include pedagogi-
cal components specific to the preparation of physics
teachers; broader “science education” courses are not
sufficient for this purpose.
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a.To prepare future citizens to tackle 21st-century
multi-disciplinary problems, teachers need a deep
understanding of the content and pedagogy of
specific disciplines. Teachers of physics need phys-
ics-specific pedagogical methods just as literacy
teachers, bilingual teachers, and special education
teachers need specialized pedagogical preparation
in their disciplines.

“Teachers of physics need phys-
ics-specific pedagogical methods
just as literacy teachers, bilingual
teachers, and special education
teachers need specialized peda-
gogical preparation in their disci-
plines.”

b. Education faculty should seek physics-specific ed-
ucational opportunities for future physics teachers
just as they would for other education specializa-
tions. Course-related teaching placements and
student teaching should be in physics classrooms
under the supervision of specialists in physics ed-
ucation.

c. Education schools should ensure that all the edu-
cation courses in the program for future physics
teachers are both necessary and appropriate. The
rigor of the track should be derived not only from
the general pedagogical content but also from a se-
quence of courses that are focused on the teaching
and learning of physics. Science education faculty
should work closely with physics faculty to de-
sign and teach discipline-specific pedagogy cours-
es for future physics teachers. Courses offered in
the physics department that address pedagogical
knowledge should be cross-listed by schools of ed-
ucation. These courses should be designed to meet
state teaching certification requirements so that they
can be used to fulfill part of students’ education
course requirements.

d.Education faculty should build a relationship with
physics department faculty who work closely with
future physics teachers, and should assist students
interested in teaching physics in contacting them.

Federal and private funding agencies, including the
National Science Foundation and the U.S. Depart-
ment of Education, should develop a coherent vision
for discipline-specific teacher professional prepara-
tion and development.

a. Within each funding agency, all programs related to
teacher preparation and professional development
should be coordinated by a single entity. This entity
should implement a coherent vision for professional
preparation and support of math and science teach-
ers. Ultimately, these funding efforts should be co-
ordinated across all public funding agencies.

b. Teacher preparation efforts form a coherent contin-
uum that includes recruitment, pre-service educa-
tion, induction, and professional development. All
teacher-preparation funds provided by each fund-
ing agency should be made available for any of the
individual phases of this process or for any well-in-
tegrated combination of phases.

c. Public and private funds targeted at teacher prepa-
ration and teacher professional development should
be directed toward exemplary university-based pro-
grams as well as to such programs in K-12 schools,
and K-12/University partnerships.

d. Both practicing STEM teachers who are new to
teaching physics as well as prospective physics
teachers should be eligible to receive funding suffi-
cient to complete a high-quality program in physics
teacher preparation.

e. Federal funding distributed through the states (e.g.,
block grants) that is currently targeted at short-term
or non-discipline-specific professional development
programs for science teachers should be redirected
to coherent, extended programs that are focused on
subject-specific pedagogy and teacher preparation
(in physics, chemistry, earth and space science, et
cetera).

Professional societies should provide support, intel-
lectual leadership, and a coherent vision for the joint
work of disciplinary departments and schools of ed-
ucation in physics teacher preparation.

a. Professional societies should advocate for the im-
portance of physics teacher education within phys-
ics departments. They should stay abreast of and
engage in the national discourse on educational
policy, and should disseminate relevant policy doc-
uments. They should disseminate the results of re-
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search on physics teacher professional preparation
and promote research-based practices.

b. Professional societies should facilitate discussion
and collaboration among K-12 physics teachers,
physicists, teacher educators, and physics education
researchers aimed at improving physics education.

c. Professional societies should initiate new efforts
and coordinate existing efforts designed to enhance
STEM teacher education by engaging all stakehold-
ers, including business, other disciplinary societies,
private foundations, and other national organiza-
tions.

Quality

All components of physics teacher professional prepara-
tion programs should focus on improving student learning
in the precollege physics classroom.

6.

Teaching in physics courses at all levels should be
informed by findings published in the physics edu-
cation research literature.

University physics instruction as well as K-12 phys-
ics instruction should take advantage of the extensive
literature on student learning in physics and on re-
search-validated instructional approaches. This will
maximize student learning and will optimize the en-
vironment for students to consider teaching careers.
Just as in scientific endeavors, in which physicists build
on prior research, so too should programs to improve
teaching be based on evidence of effectiveness and in-
formed by results of research on how students learn
physics. Information regarding research-based instruc-
tional programs is available at workshops conducted at
national meetings of the American Association of Phys-
ics Teachers and the New Faculty Workshop in Physics
and Astronomy. Physics education research literature is
available in journals such as Physical Review Special Top-
ics-Physics Education Research and the American Journal
of Physics, which are accessible by physics faculty. Ex-
tensive archives of these materials are available at com-
padre.org. Physics faculty should become familiar with
published reports on research-validated instruction and
should be able to make evidence-based claims about the
effectiveness of their own instruction.

Physics teacher preparation programs should pro-
vide teacher candidates with extensive physics-spe-
cific pedagogical training and physics-specific clini-
cal experiences.

a. Pre-service teachers benefit from expert mentorship
as they learn to prepare and teach actual physics les-
sons. Thus, physics teacher preparation programs
should include extended physics-specific teaching
experiences along with physics-specific field place-
ments for their certification candidates. Pre-service
teachers also need specific instruction on how to teach
various topics in physics. This instruction should be
provided by physics master teachers, physics facul-
ty, and/or physics education researchers.

b. PTE programs should provide specific guidance to
pre-service teachers on investigation-based physics
instruction. For example, guidance should be pro-
vided on how to use motion detectors and force
probes in investigations of force and motion. In or-
der to provide such physics-specific mentoring and
instruction, teacher preparation programs should
draw on the expertise of existing faculty in physics
and education departments, or commit to directing
funds toward targeted faculty lines or full- or part-
time master teachers.

c. Every teacher preparation program should include
at least one pedagogical course that focuses on the
learning and teaching of various topics in phys-
ics. Such a course does not have to be exclusive to
teacher education candidates but could be offered
as an elective open to all physics majors, as well
as non-degree or MA-seeking in-service teachers,
while remaining a requirement for physics teach-
er certification candidates. Topics in such cours-
es should include common student reasoning and
thinking patterns in the various topics in physics,
as well as effective methods for assessing student
learning of these topics.

Physics teacher education programs should work
with school systems and state agencies to provide
mentoring for early career teachers.

As junior faculty members are mentored in research
groups, new teachers also need an opportunity to be
mentored by veteran teachers and become a part of a
community of scholars. Creating a professional learn-
ing community of physics teachers will reduce pro-
fessional isolation and consequently should increase
novice teacher retention. These communities should
include both K-12 and university faculty and provide
forums in which physics teachers can address instruc-
tional challenges, share lesson ideas, and continue to
grow and develop professionally.
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Recommendations 9(a) and 9(b) are intended to be imple-
mented together to ensure that a higher standard for qual-
ity of preparation neither increases the length and cost of
the program nor decreases the number of teachers who are
qualified to teach more than one subject.

9(a). States should eliminate the general-science teacher
certification and replace it with subject-specific endorse-
ments.

General-science teacher certification provides flexi-
bility to teach multiple subjects, which school admin-
istrators view as especially important in small and
rural schools. However, general-science teaching cer-
tification ensures neither adequate knowledge of any
particular content area, nor the pedagogical content
knowledge needed for teaching a specific subject. By
contrast, if teacher candidates obtain endorsements
in two or more disciplines, they would be better pre-
pared to teach each of these content areas so long as
they also receive appropriate subject-specific peda-
gogical preparation and content background. Multiple
endorsements would make it easier for teachers to ac-
commodate the staffing needs of small schools. States
should assess knowledge of subject-specific pedagogy
as a required component of tests that are used to grant
endorsement in a specific content area.

9(b). Higher education institutions should create path-
ways that allow prospective teachers to receive more
than one endorsement without increasing the length of
the degree.

Subject-specific endorsement programs should contain
the appropriate subject matter preparation for teach-
ing more than one discipline and appropriate prepa-
ration in the discipline-specific pedagogy of each of
these subjects. This may require that new subject-spe-
cific pedagogy courses be added, and that they count
toward the physics major and/or replace some of the
education courses currently required for certification.
These degree pathways will allow states to balance the
often competing needs for greater numbers of quali-
fied teachers who also have the broad preparation
needed by small or rural school districts. Universities
will need to take special care to ensure that the expect-
ed length of study —and hence the financial impact on
the teacher —does not increase when endorsement in
multiple disciplines is substituted for general-science
certification.

10. National accreditation organizations should revise
their criteria to better connect accreditation with ev-
idence of candidates’ subject-specific pedagogical
knowledge and skill.
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Accreditation should require evidence of substantial
oversight of physics teaching experiences by phys-
ics content experts, and of the required completion
of subject-specific pedagogy courses in the certifica-
tion program. The accreditation process should also
require evidence of candidates’ skills in synthesizing
and using their knowledge to elicit, interpret, assess,
and address students’ ideas about specific, important
physics topics with appropriate instructional interven-
tions. Accreditation evidence should include candi-
dates’ knowledge and skills as they relate to helping
students master specific physics concepts (e.g., the na-
ture of force) and specific physics process skills such
as collecting, analyzing, graphing, and modeling data.

11. Physics education researchers should establish a co-
ordinated research agenda to identify and address
key questions related to physics teaching quality and
effective physics teacher preparation.

Physics education researchers have developed prelim-
inary measures of student conceptual understanding
and student learning, and have investigated a multi-
tude of factors that have significant influence on stu-
dent achievement in physics. To date, however, most
of this work has been confined to post-secondary ed-
ucation. Analogous work is needed in the K-12 con-
text. A handful of research efforts are just beginning
to explore the relationships among physics student
achievement, teacher attributes and behaviors, learn-
ing environments, curriculum, and instructional prac-
tices. This important work should be expanded into
large-scale coordinated research programs both to re-
spond to current national needs and to lay the basis for
rigorous evaluation of future efforts in physics teacher
education.

Capacity

The United States should take significant steps to alleviate
the severe shortage of qualified physics teachers.

12. Physics departments and schools of education should
design certification pathways for individuals in var-
ious populations to become well-prepared physics
teachers: undergraduate students who have not yet
chosen a major, undergraduate STEM majors, grad-
uate students in STEM disciplines, STEM teachers
who may not yet be prepared to teach physics, and
STEM professionals such as engineers, scientists,
and laboratory technicians.

a. Active recruitment of STEM students into phys-
ics teaching is necessary to increase the number
of physics teachers. The recruiting pool should be
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broad and include undergraduates as well as grad-
uate students, physics majors as well as other STEM
majors who have sufficient physics background or
can acquire it.

b.Teacher preparation programs should have stream-

lined pathways for STEM research professionals as
well as for experienced STEM teachers, respecting
and capitalizing on the different experiences of each
of these groups. While STEM professionals and ex-
perienced STEM teachers both require high-quali-
ty instruction in physics content along with phys-
ics-specific pedagogical education, the physics
teacher endorsement program should not require

an extensive amount of time to complete and should
be designed to accommodate the special scheduling
constraints of these professionals.

c. Special pathways for STEM professionals and expe-

rienced STEM teachers will have significant inter-
sections with pathways designed for undergradu-
ate teacher preparation. To promote interaction and
discussion among diverse student groups and to
increase enrollment in courses on physics-specific
pedagogy, these courses should be structured to si-
multaneously enroll undergraduate STEM majors,
in-service STEM teachers, and post-baccalaureate
STEM professionals.

A National Proposal: Regional Centers in Physics Education

The T-TEP recommendations address crucial issues associated with individual institutions and programs. However, an effective and coordinated nation-
al strategy in physics teacher education must go beyond individual implementation of the aforementioned recommendations. An innovative national
program is needed both to use all resources currently available, and to develop new resources, expertise, and capacity in order to meet current and
future national needs. Toward this end, T-TEP recommends the establishment of regional centers in physics education.

Aregional center would serve the need for new teachersin its greater geographical area while also providing support to in-service teachers and address-
ing state and national issues in teacher education. Regional centers are needed because educational policies and regulations vary from state to state,
and teachers tend not to go far from the institution from which they graduated.

a. Regional centers would pool expertise in the research and practice of physics teacher education, create vibrant communities of prospective
and practicing physics teachers, and be the home of regional physics teacher preparation and scholarly work on K-20 physics education. Such
scholarship would include research on teacher preparation, investigation and assessment of student learning, development of instruments to
assess teacher attributes and impacts, program evaluation, and development of educational policy.

b. Regional centers could take multiple forms; for example, they could be based at one institution or be a collaboration among multiple neigh-
boring institutions. Colleges, universities, two-year colleges, and school districts throughout the region could serve as feeders to the regional
center,and articulation agreements could help ensure an efficient, high-quality pathway for students earning a physics degree, physics teaching
endorsement, or both. A possible model is the “three-two” engineering program, in which a student spends three years at a liberal arts institu-
tion and finishes the last two years a technical institution, earning degrees both in engineering and a STEM discipline. Another possible model
is a post-baccalaureate program in physics teaching offered at the regional center; nearby institutions could send their graduates, and such a
program would serve the needs of career changers as well.

c. The size, diversity, and resources of regional centers would enable them to serve all three major populations of prospective physics teachers:
undergraduate students, practicing teachers with weak physics backgrounds, and career-changing STEM professionals who typically opt for
alternative certification programs. Regional centers also could have the potential to attract groups that are traditionally underrepresented in
physics, including women and minorities. The availability of effective mentoring in the context of diverse and regionally based student popula-
tions at these centers would tend to improve recruitment and retention of underrepresented groups. These students would have access to an
array of pooled resources that are more likely to address a greater diversity of needs.

d. Regional centers could be funded internally by colleges and universities and externally by federal and state agencies and private foundations. The
federal government currently spends billions of dollars on STEM education; regional centers could be funded by reallocating a small fraction of
the funds spent on teacher professional development programs, many of which lack evidence of effectiveness. In addition to funding needed for
program faculty and staff, financial support would probably be needed for teachers and teacher candidates to enable them to take short leaves
from their jobs or schools. (An example of such funding is the NSF Noyce Scholarship program.) Regional centers could support students and, at
the same time, help serve local communities by assigning internships for pre-service teachers in local middle and high schools.

e. Regional centers for the education of physics teachers could serve as models for discipline-based preparation and professional development
of other STEM teachers.
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Foundational Material I: Historical Context of U.S. Physics Teacher Education

David E. Melizer, lead author

Introduction

In the process of reviewing hundreds of reports, research
papers, and policy statements regarding the education
of physics teachers all over the world—extending from
the 1880s and continuing up to the current year—we were
struck by the consistency and reproducibility of the find-
ings and recommendations of the various committees,
professional organizations, and independent researchers.!
Our recommendations, as detailed in Chapter 4, are con-
sistent therefore not only with the specific findings of our
own investigation, but also with the vast body of research
and analysis generated by others who have examined these
same problems during the past 130 years. In this Section
we will provide a summary of the key findings and major
recommendations regarding teacher education in physics
that have been generated in the United States during this
period. We will weave into the discussion some of T-TEP’s
findings and recommendations, so that they may be seen
within the perspective of the broader history of work in
this field.

“The issues regarding physics
teacher education that we address
in this Report are not new, and
ours is not the first investigation
that has described the problems
and made recommendations for
improvement.”

Overview: The Shortage of Qualified Physics Teachers

The issues regarding physics teacher education that we ad-
dress in this Report are not new, and ours is not the first
investigation that has described the problems and made
recommendations for improvement. In our Executive
Summary, we note:

1. For lists of references see “Resources for the Education of Physics Teach-
ers” in this Report as well as David E. Meltzer, “Research on the education
of physics teachers,” in Physics Teacher Education: Research, Curricu-
lum, and Practice, edited by David E. Meltzer and Peter S. Shaffer (Amer-
ican Physical Society, College Park, MD, 2011), pp. 3-14.

Over the past 20 years, academic, business, and gov-
ernmental leaders have warned that United States sci-
ence education needs a dramatic overhaul....

...the preparation of qualified physics teachers has
failed to keep pace with a dramatic increase in the
number of high-school students taking physics. Con-
sequently, more students than ever before are taking
physics from teachers who are inadequately prepared.

The potential negative consequences of maintaining
the status quo are far-reaching, both for physics as a
discipline and for the U.S. economy and society as a
whole....

..Most physics teachers have no substantial formal
training in either physics or physics teaching. Instead,
they develop their skills through on-the-job practice,
without expert mentoring, teaching a subject that they
never originally intended nor were trained to teach.

In fact, from the earliest days of wide-scale high school
physics teaching in the United States in the late 1800s,
physics educators have noted and bemoaned a shortage
of qualified physics teachers. Ironically, their observations
were sometimes accompanied by overoptimistic projec-
tions of future improvements in supply.?2 One of the ori-
gins of this oft-noted shortage was that, before 1910, more
than 90% of U.S. high schools were located in cities hav-
ing populations under 8,000. Although most U.S. high
school students attended these schools, they were quite
small, with an average of around three teachers per school,
and thus were in no position to hire specialist teachers of
physics.® The prevalence of small schools persisted well
into the 20th century and, along with limited physics en-
rollments, helped ensure that over 80% of U.S. secondary
school physics teachers in 1961 spent the majority of their
time teaching subjects other than physics.* This problem
was aggravated by the persistence of the long-standing

2. Frank Wigglesworth Clarke, A Report on the Teaching of Chemistry and
Physics in the United States [Circulars of Information of the Bureau of Ed-
ucation, No. 6-1880] (Government Printing Office, Washington, 1881), p.
11; p. 19; Charles K. Wead, Aims and Methods of the Teaching of Physics
[Circulars of Information of the Bureau of Education, No. 7-1884] (Govern-
ment Printing Office, Washington, 1884), p. 125.

3. C. Riborg Mann, The Teaching of Physics for Purposes of General Educa-
tion (McMillan, New York, 1912), pp. 19-21.

4. National Association of State Directors of Teacher Education and Certi-
fication and the American Association for the Advancement of Science
[William P. Vial, Director of the Survey], Secondary School Science and
Mathematics Teachers: Characteristics and Service Loads [NSF 63-10]
(National Science Foundation, Washington, D.C., 1963), ERIC Document
030573, p. 6.
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U.S. tradition to teach physics only as (or primarily as) a
single-year high school course with little or no focused
physics instruction in earlier grades. The U.S. is one of few
developed countries to follow this practice, which was ini-
tiated in the 1800s and institutionalized in the first decades
of the 20th century.5 Even this single physics course has
been populated in recent years only by a small minority of
all high school students. The fraction of U.S. high school
graduates who had taken a physics course climbed back
above 30% in the public schools only within the past de-
cade—a level not previously seen since around the late
1920s.6 Consequently, as late as 1987, 76% of high school
physics teachers surveyed by AIP reported having only
one or two physics classes in their teaching assignment,
and less than a quarter had their primary concentration of
classes in physics.”

With such a limited demand for specialist instructors, it is

5. Keith Sheppard and Dennis M. Robbins, “The ‘First Physics First’ move-
ment, 1880-1920,” The Physics Teacher 47, 46-50 (2009); David E. Melt-
zer, “Research on the education of physics teachers.” Robert Millikan was
sharply critical of this practice; see R. A. Millikan, “Science in the second-
ary schools,” School Science and Mathematics 17, 379-387 (1917).

6. See Figure 1 in Susan White and Casey Langer Tesfaye, High School
Physics Courses & Enrollments: Results from the 2008-09 Nationwide
Survey of High School Physics Teachers (American Institute of Physics,
College Park, MD, 2010), p. 1; available at: http://www.aip.org/statistics/
trends/reports/highschool3.pdf. In the late 1800s, before the elective sys-
tem was introduced, physics was taken by about 95% of all students grad-
uating from high school (and about 23% of all students at any one time).
However, at that time, those students represented only about 5% of their
age cohort in the population; see, e.g., W. C. Kelly, “Physics in the public
high schools,” Physics Today 8(3), 12-14 (1955). Moreover, most of those
students took physics not from qualified physics teachers but, instead,
from one of the three or four generalist teachers who made up the entire
faculty of the typical high school at that time. The elective system that was
introduced around 1900 resulted in a dramatic and long-lasting decline
in the proportion of high school graduates who took physics, sinking to
around 20% and not changing much for almost a century, until the recent
explosion of enroliment in conceptual physics courses that began around
20 years ago.

7. Michael Neuschatz and Maude Covalt, Physics in the High Schools:
1986-1987 Nationwide Survey of Secondary School Teachers of Phys-
ics (American Institute of Physics, New York, 1988), p. 5. The extent to
which U.S. physics teachers have focused their actual teaching time on
physics has undergone a slow though continuous evolution, but survey
ambiguities make it difficult to provide precise numbers. In 1969, about
40% of secondary-school physics teachers surveyed said that physics
was their “major” teaching assignment; see Vitro Laboratories, Secondary
School Science Teachers, 1969: Background and Professional Character-
istics [Educational Research and Evaluation Project of Vitro Laboratories;
Martin Hershkowitz, Project Manager] (Division of Science Resources
Studies, National Science Foundation, Washington, D.C., 1971), p. 98;
also see Physics Survey Committee, National Research Council, Phys-
ics in Perspective, Volume | (National Academy of Sciences, Washington,
D.C., 1972), pp. 747-748. However, as noted above, less than 25% of high
school physics teachers surveyed by AIP in 1987 had their primary con-
centration of classes in physics, a figure that did not reach 41% until 2001
and did not exceed 50% until 2009; See: Susan White and Casey Langer
Tesfaye, Who Teaches High School Physics? Results from the 2008-09
Nationwide Survey of High School Physics Teachers (American Institute
of Physics, College Park, MD, 2010), p. 3; available at: http://www.aip.org/
statistics/trends/reports/hsteachers.pdf.
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“...essentially every report regard-
ing science teacher education in
the United States over the past
century, with various degrees of
urgency, has labeled the supply of
physical science teachers as inad-
equate.”

not surprising that there have never been more than a hand-
ful of dedicated programs to train qualified physics teachers
in the U.S. Although the shortage of qualified high school
physics teachers has long been considered to be a “criti-
cal” problem in the U.S. and various remedies have been
proposed, little effective action has been taken to address
the evident practical challenges involved in improving the
situation.® Nonetheless, essentially every report regarding
science teacher education in the United States over the past
century, with various degrees of urgency, has labeled the
supply of physical science teachers as inadequate.®

The Education of Physics Teachers
1909-1932

In 1899, Prof. Edwin Hall of Harvard chaired the physics
subcommittee of the Committee on College Entrance Re-
quirements established by the National Educational Asso-
ciation. Through this and related activities Hall and nu-
merous other university physicists of that era were deeply
engaged in issues related to secondary school physics
teaching. In 1909, Hall reported on a meeting of a group
of physicists in which general recommendations regarding
the education of high school physics teachers were adopted.
These recommendations implied the desirability of prepa-
ration at the level of a graduate student in physics."

In 1920, George Twiss of Ohio State University chaired the
physics subcommittee of the Commission on the Reorgani-
zation of Secondary Education, appointed by the National
Education Association. Twiss wrote that “...prospective
[science] teachers must be trained in a very different way

8. Arnold A. Strassenburg, “American Institute of Physics programs in ed-
ucation—present and future,” American Journal of Physics 35, 797-807
(1967).

9. An extensive bibliography of such reports in this Report is contained in
Resources for the Education of Physics Teachers on page 82.

10. Edwin H. Hall, “The relations of colleges to secondary schools in respect
to physics,” Science 30, 577-586 (1909).
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from that in which most of them are now being trained.”
These teachers would need “to approach all their teaching
problems inductively, and to study their pupils and their
pupils’ interests and needs, no less than they study the
subjects which they are to teach.” To ensure that univer-
sities would be in a position to offer this type of training,
Twiss recommended that

These prospective teachers should also be brought
under the influence of a type of professor that should
be represented in every large university [science] de-
partment, namely, one whose chief interest is in the
teaching side of the subject, a master not only of the
subject itself but also of its pedagogy in the schools,
a skilled teacher of the subject, and also an inspiring
teacher of teachers. He should not forego research, but
his research should be in the field of the applied psy-
chology and sociology of his science."

In 1932, the Committee on the Teaching of Science of the
National Society for the Study of Education published
their influential 31st Yearbook, Part I of which was devot-
ed to “A Program for Teaching Science.” They noted that
many courses offered to prospective teachers were “given
as short-cuts to success” and, in the case of one course for
physics teachers, they pointed out that “It is clear that the
instructor in charge of this course is attempting in his one-
term course to make high-school teachers of physics out of
students who have no larger background of training than
that which comes from the study of physics in high school.
This illustration is not an isolated case.”'? In regard to this
practice, the Committee cited a study which found that
“pupils who were taught by teachers who had majored in
college physics excelled in average achievement the pupils
who were taught by teachers who had not majored in col-
lege physics. The superiority was evident on every test.”
The Committee went on to state,

This investigation seems to present clear evidence
that pupils in physics classes are handicapped in their
achievement when their teachers lack a thoroughly
adequate background of subject matter....This Com-
mittee, therefore, unqualifiedly condemns the practice,
wherever it may exist, of assigning any science course
to a teacher who is not adequately prepared in the sub-
ject matter of that course.

11. George R. Twiss, “The reorganization of high school science,” School Sci-
ence and Mathematics 20, 1-13 (1920).

12. Guy Montrose Whipple, editor. The Thirty-First Yearbook of the National
Society for the Study of Education, Part I: A Program for Teaching Science,
prepared by the Society’s Committee on the Teaching of Science [Gerald
S. Craig, Elliot R. Downing, Charles J. Pieper, Ralph K. Watkins, Fran-
cis D. Curtis, and S. Ralph Powers] (Public School Publishing Company,
Bloomington, IL, 1932), p. 329.

13. Ibid., pp. 80-81.

1939-1960

In 1939, the American Association of Physics Teachers
(AAPT) established a “Committee on the Teaching of
Physics in Secondary Schools.” In 1940, this committee
initiated contacts with other scientific societies to form a
cooperative group specifically focused on improving sci-
ence teaching and the education of science teachers,' and
in 1946, the Committee issued a report to address “a de-
ficiency in the number of well-trained science teachers in
the secondary schools.” In this report the Committee noted

...the desirability of cooperation between science de-
partments, on the one hand, and the education depart-
ments, on the other, in the college program of training
secondary school teachers of science....

...the committee definitely suggests such line of action to col-
lege teachers of physics....

...joint participation in the supervision of practice teaching
by subject matter departments and the department of educa-
tion can work to the great advantage of teachers-in-prepara-
tion."® [Emphasis in original.]

Another issue associated with the limited demand for spe-
cialist science teachers had been addressed by the “Coop-
erative Committee on Science Teaching,” the joint organi-
zation of mathematics and science societies formed in 1941
at the initiative of the AAPT’s Committee on the Teaching
of Physics in Secondary Schools. The Cooperative Com-
mittee recognized as serious the

..problem of combinations of subjects to be taught
by the beginning teacher in the small school....Most
teachers begin their work in small secondary schools
of 200 or fewer students, where one must teach three
or four different subjects. Therefore, a college graduate
with highly specialized training in a single science is at
a disadvantage in securing a position and in his teach-
ing if he is appointed.'®

Although today’s context is somewhat different, this issue
persists and has been addressed (see Chap. 4 of this Re-
port) in T-TEP Recommendation 9(b):

14. K. Lark-Horovitz, “Report of the Committee on the Teaching of Physics
in Secondary Schools,” American Journal of Physics 10, 60-61 (1942).
The cooperative group was formed in 1941 and called “The Cooperative
Committee on Science Teaching”; see Glen W. Warner, “The Cooperative
Committee on Science Teaching,” American Journal of Physics 10, 121-
122 (1942).

15. K. Lark-Horovitz et al., “Responsibilities of science departments in the
preparation of teachers: A report of the Committee on the Teaching of
Physics in Secondary Schools,” American Journal of Physics 14, 114-115
(1946).

16. Glen W. Warner, “The Cooperative Committee on Science Teaching.”
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9(b). Higher education institutions should create
pathways that allow prospective teachers to receive
more than one endorsement without increasing the
length of the degree.

Subject-specific endorsement programs should contain
the appropriate subject matter preparation for teach-
ing more than one discipline and appropriate prepa-
ration in the discipline-specific pedagogy of each of
these subjects....These degree pathways will allow
states to balance the often competing needs for greater
numbers of qualified teachers who also have the broad
preparation needed by small or rural school districts.

In 1956, a joint commission was formed by the American
Association for the Advancement of Science and the Amer-
ican Association of Colleges for Teacher Education. This
“Joint Commission on the Education of Teachers of Science
and Mathematics” made the following explicit recommen-
dation in 1960:

Scientists should recognize, and persuade their stu-
dents to recognize, that public school teaching is an
important and challenging profession which merits
consideration by persons of first-rate ability....

Each institution preparing science teachers should
create a committee of scientists, science teachers, and
professional educators to give attention to the develop-
ment of science teacher education programs.'”

These statements are fully consistent with T-TEP’s recom-
mendations (see Chap. 4 of this Report):

Physics faculty should encourage students to consider
teaching as a career option and ensure that interested
students receive assistance in pursuing this goal. (2a)

Physics faculty should encourage their best students to
consider teaching and should promote teaching as an
intellectually challenging endeavor. (2b)

Physics faculty should build a relationship with the
education department faculty who are responsible for
science teacher preparation and should assist students
interested in teaching physics in contacting them. (2d)

Pre-service teachers benefit from expert mentorship as
they learn to prepare and teach actual physics lessons.

17. Joint Commission on the Education of Teachers of Science and Mathemat-
ics, Improving Science and Mathematics Programs in American Schools
(American Association for the Advancement of Science and American As-
sociation of Colleges for Teacher Education, Washington, D.C., 1960), p.
40.
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Thus, physics teacher preparation programs should
include extended physics-specific teaching experi-
ences along with physics-specific field placements for
their certification candidates. Pre-service teachers also
need specific instruction on how to teach various top-
ics in physics. This instruction should be provided by
physics master teachers, physics faculty, and/or phys-
ics education researchers. (7a)

Beginning in the late 1940s, as a partial amelioration of
the shortage of qualified teachers, universities and private
companies established summer enrichment programs for
in-service physics teachers, as well as for teachers of math-
ematics and other science fields. After the Soviet Union
launched Sputnik in 1957, the number of these institutes
expanded dramatically at the insistence of the U.S. Con-
gress, with funding provided by the National Science
Foundation.'®

“Beginning in the late 1940s, as a
partial amelioration of the shortage
of qualified teachers, universities
and private companies established
summer enrichment programs for
in-service physics teachers....”

1961-1973

In 1966, the Physics Survey Committee of the National
Academy of Sciences (NAS) linked a “severe education-
al crisis for physics” in the high schools to a shortage of
competent high school physics teachers.”® A later physics
survey by the NAS underlined the inadequacies of science
teacher education and strongly emphasized the critical
role college and university physics departments played in
educating both prospective and practicing science teach-
ers.?? The American Institute of Physics (AIP) instituted a
variety of programs during the 1960s to attempt to remedy

18. Hillier Krieghbaum and Hugh Rawson, An Investment in Knowledge: The
First Dozen Years of the National Science Foundation’s Summer Institutes
Programs to Improve Secondary School Science and Mathematics Teach-
ing, 1954-1965 (New York University Press, New York, 1969).

19. Physics Survey Committee, National Academy of Sciences, Physics: Sur-
vey and Outlook [A report on the present state of U.S. physics and its
requirements for future growth] (National Academy of Sciences, National
Research Council, Washington, D.C., 1966), p. 30.

20. Physics Survey Committee, National Research Council, Physics in Perspective,
Volume I (National Academy of Sciences, Washington, D.C., 1972), pp. 27-30.



Foundational Material I: Historical Context of U.S. Physics Teacher Education

L
L B
AL T H'I‘ T
* o
a0 i
:
[
x B
i
i B
|
e i
" . .
= i N
- B
3 i N
:
1
3 f:
'\::: ] | "
5 o
& . M

m

Y
-

e LA L A T e L B ] e e e

21— 3= = = u- 11—
& u EH I

llmprams in che Teaching <f Fhyaics
ﬂ :q'ﬁ:--hl'.l =g
I Sggepy 2R
I S | R T 3]
. 1 L -]
11— is- Lr- 14—  11- 2d- ch- 2]
La b 13 z0 s 14 2h

Figure 8. Distribution of physics teacher graduates from U.S. institutions, 1965-1967. Source: See Ref. 26 on p. 34.

the shortage of qualified physics teachers.?! In 1960, the top
leadership of both the AIP and the American Association
of Physics Teachers (AAPT) joined to form the Commis-
sion on College Physics (CCP), an organization of physics
educators whose creation was supported by a grant from
the National Science Foundation. The declared purpose of
the Commission was to improve the teaching of physics at
the college level, but its interests extended to issues related
to physics teaching in the high schools.

In 1966, the CCP established the “Panel on the Preparation
of Physics Teachers” (PPPT). On behalf of the Commis-
sion, the PPPT carried out an extensive investigation of the
preparation of high school physics teachers and published
a detailed report in 1968 with a second, updated edition
published in 1972.22 An entire session at the 1969 Summer

21. Strassenburg, “American Institute of Physics programs in education—
present and future.”

22. (a) Commission on College Physics, Preparing High School Physics
Teachers [Report of the Panel on the Preparation of Physics Teachers
of the Commission on College Physics, Ben A. Green, Jr., et al.] (Depart-
ment of Physics and Astronomy, University of Maryland, College Park, MD,
1968), ERIC Document ED029775; (b) Commission on College Physics,
Preparing High School Physics Teachers Il [revised edition] [University of
Maryland, College Park, MD, 1972].

Meeting of the American Association of Physics Teachers
was devoted to reports and discussion on the recruitment
and preparation of physics teachers, presented by mem-
bers of the Commission.?

The Commission stated its conclusions bluntly:

Most of our present high school physics teachers are
unprepared to teach physics....

The critical factor is the low rate of supply of well-pre-
pared new teachers....This shortage has led the Na-
tional Education Association to designate physics as a
“critical” subject area....

...It is our continuing failure to provide anything like
enough trained high school physics teachers that caus-
es high schools to draft others for the job....2*

23. The invited papers from that session may be found in Commission on
College Physics Newsletter, Number 20 (College Park, MD, 1969), ERIC
Document ED045336.

24. Commission on College Physics, Preparing High School Physics Teachers
(1968), p. 5.
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The Commission asserted that “the shortage of qualified
high school physics teachers is one of the most pressing
problems facing American physics today,” and asked:

What are academic physics departments doing to rem-
edy this situation? For the most part, very little....

...Well-known, high-prestige departments rarely have
programs specifically tailored to the needs of the pro-
spective high school physics teacher....

...These same departments typically graduate two or
three teachers every five years.

...Less than ten of the schools surveyed graduate more
than five physics teachers per year.... [Emphasis in
original.] %

More than 40 years later, T-TEP finds that this situation
has not changed at all. A bar chart demonstrating the high-
ly skewed distribution of physics-teacher graduates from
U.S. institutions —most institutions graduating zero or one
per year, a tiny handful graduating more than four—can
be found in a survey of science teacher education pro-
grams carried out in the mid-1960s (see Figure 8).26 The
analogous chart resulting from our own findings is essen-
tially identical to this one.?”

The Commission stated that “it is clear that more physics
departments should assume the responsibility of provid-
ing adequate training to prospective secondary school sci-
ence teachers, especially prospective physics teachers.”?
This may be compared to Recommendation #2:

2. Physics departments should recognize that they
have a responsibility for the professional prepara-
tion of pre-service teachers.

Physics departments that have made teacher prepara-
tion part of their mission should develop a rigorous
track for future physics teachers that is informed by
the state standards prescribing what has to be taught
in high school physics....The rigor of the track should
be derived not only from the physics content but also
from a sequence of courses that are focused on the
teaching and learning of physics. (2c)

25. Ibid.

26. David E. Newton and Fletcher G. Watson, The Research on Science Ed-
ucation Survey: The Status of Teacher Education Programs in the Scienc-
es, 1965-1967 (Harvard Graduate School of Education, Cambridge, MA,
1968), p. 26, Figure 1.

27. See this Report, Chapter 3, “Findings,” Figure 6.

28. Commission on College Physics, Preparing High School Physics Teachers
11(1972), p. 9.
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A member of the committee that prepared the updated 1972
Commission report noted that, with respect to colleges and
universities having physics teacher preparation programs,
“The number of prospective physics teachers showed no
correlation with the size of the institution; it depended al-
most invariably upon the amount of interest and concern
actively expressed by one or more physics staff members at
their institution.”?® T-TEP has reproduced this remarkable
observation. Our major finding of the present-day indis-
pensability of a program champion is completely consis-
tent with the situation in the 1960s:

Without exception, all of the most active physics
teacher education programs have a champion who is
personally committed to physics teacher education.
With few notable exceptions, these program leaders
have little institutional support.®® [Finding #2]

In recognition of the particular needs of future teachers,
the Commission on College Physics strongly advocated
that universities create physics courses specifically de-
signed for prospective physics teachers, incorporating
active participation in both learning and teaching as well
as more exposure to physics classroom situations.®' Such
courses have long been accepted and implemented in
many other countries as necessities for an effective physics
teacher preparation program. Similarly, in other countries
it is common for university-based teacher education pro-
grams to be led or assisted by physics education special-
ists with extensive school teaching experience.®? T-TEP has
explicitly recommended that teacher education programs
incorporate a sequence of courses focused on the teaching
and learning of physics, including (as noted above) phys-
ics-specific teaching experiences supervised by physics ed-
ucators. We also recommend that experienced high school
physics teachers be involved in mentoring and supervising
prospective physics teachers, as specified in Recommenda-
tion #7:33

...physics teacher preparation programs should in-
clude extended physics-specific teaching experiences....
Pre-service teachers also need specific instruction on
how to teach various topics in physics. This instruction
should be provided by physics master teachers, physics
faculty, and/or physics education researchers. (7a)

29. S. Winston Cram, as quoted in John L. Lewis, editor, Teaching School
Physics [A UNESCO Source Book] (Penguin, Harmondsworth, England,
1972), p. 272.

30. See Chap. 3 of this Report.

31. Commission on College Physics, Preparing High School Physics Teachers
(1968), p. 7-8; Commission on College Physics, Preparing High School
Physics Teachers Il (1972), pp. 9-15.

32. Meltzer, “Research on the education of physics teachers.”

33. See Chap. 4 of this Report.
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Every teacher preparation program should include at
least one pedagogical course that focuses on the learn-
ing and teaching of various topics in physics....Topics
in such courses should include common student rea-
soning and thinking patterns in the various topics in
physics, as well as effective methods for assessing stu-
dent learning of these topics. (7c)

Physics educators have long recognized the importance of
ongoing education and mentorship for physics teachers af-
ter they have graduated and begun their teaching career.
For example, the Commission on College Physics advo-
cated that physics departments, besides offering formal
courses, entertain other approaches that could include:

...workshops or symposia, informal associations on a
regional basis, consulting arrangements, resource shar-
ing and others. The increased communications gained
through such efforts would be a significant step in
the recognition of high school physics teachers as col-
leagues of the college and university physics faculties.3

The Physics Survey Committee of the National Academy
of Sciences made similar recommendations in 1973. This
Committee asserted that “practicing teachers must have
continuing, convenient access to the latest curricular ma-
terials and established pedagogical techniques.” Con-
sequently, they said, institutions that prepare teachers
should take an active role in providing workshops, semi-
nars, intensive summer programs, and other resources for
practicing physics teachers.®® These ideas are reflected in
Recommendation #8:

8. Physics teacher education programs should work
with school systems and state agencies to provide
mentoring for early career teachers.

As junior faculty members are mentored in research
groups, new teachers also need an opportunity to be
mentored by veteran teachers and become a part of a
community of scholars....These communities should
include both K-12 and university faculty and provide
forums in which physics teachers can address instruc-
tional challenges, share lesson ideas, and continue to
grow and develop professionally.

34. Commission on College Physics, Preparing High School Physics
Teachers Il (1972), p. 15.

35. Physics Survey Committee, National Research Council, Physics in Per-
spective, Volume II, Part B, The Interfaces (National Academy of Scienc-
es, Washington, D.C., 1973), p. 1220 (Section XIIl, “Education”), Chap. 9,
“The institutions of physics education.”

The Nature of Physics Education

In 1973, the Physics Survey Committee of the National
Academy of Sciences (NAS) explicitly addressed the spe-
cific nature of the physics courses that would best prepare
future science teachers:

Science should be taught in the schools....in a manner
that encourages inquiry by the child, independent and
self-paced, but guided....

Successful use of inquiry-directed instruction requires
teachers who have themselves learned to investigate
in this manner. At present, the education of teachers is
very weak in this respect. A broad and intensive effort
is needed to give prospective and in-service teachers
the background for leading pupils into independent
inquiry....

We advocate widespread introduction of courses con-
ducted in the inquiry mode and intended for elemen-
tary and secondary school teachers....Physics faculty
members should seek the cooperation of the education
faculty to encourage the population of these courses.
They should also acquaint themselves with develop-
mentsin the psychology of learning....%

“‘We also must teach...[high
school teachers] in the manner we
hope they will subsequently use in
their own classrooms.’”

A fair question is whether, through courses of any
kind, teachers can be induced to improve their un-
derstanding of science and alter their performance.
Results of studies are beginning to appear, suggesting
that significant changes in teaching performance oc-
cur after the teacher has been in an inquiry-centered
course....%

The general principles enunciated above [for teaching
physics to elementary school teachers]...apply equal-
ly well to the preparation of high school teachers. We
also must teach them in the manner we hope they will
subsequently use in their own classrooms.®

36. Ibid., pp. 1145-1146 (Section XIII, “Education”), Chap. 1, “Recommenda-
tions.”

37. Ibid., p. 1175 (Section XlIlI, “Education”), Chap. 4, “Teaching the teachers
of science.”

38. Ibid., p. 1179.
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The report of the Commission on College Physics (CCP)
discussed some features of the pedagogical methods re-
ferred to by the NAS Physics Survey Committee:

Courses could, for instance, be developed which try
to adapt to college use the “learning by discovery”
method now so widely used in the schools. This type
of course leads a student to puzzle things through for
himself, offering both the experience of being a scien-
tist and the satisfaction that accompanies success. Fur-
thermore, it might provide a model for teaching high
school physics since teachers generally teach as they
are taught.®

An appendix to the CCP report describes these methods
in more detail, emphasizing having students focus on sys-
tems exhibiting “interesting physical phenomena.” The
student:

...should be encouraged to make models of how the
system under investigation behaves, and to design
tests which will check the validity of the models....the
instructor should guide the students to devise meth-
ods of seeking answers to their own questions....

...students...would be intimately involved in the pro-
cesses of observation and reasoning.*

This emphasis on “learning by discovery,” on physics
instruction that is “inquiry-directed” and which stresses
student investigations, far from being a new development
of the 1960s, can be traced back directly to analogous em-
phases on learning through “inductive” methods that had
been widely supported by physics educators back in the
1880s and frequently reemphasized up through the 1920s.4!

Over forty years of further research and development have
brought such “active-learning” pedagogical methods in
physics to a high level of effectiveness.*> Many research-
ers have subsequently reiterated and re-emphasized the
broad utility of this approach in physics teacher education,
as reflected in numerous reports and references cited in
our Resources for the Education of Physics Teachers, and
discussed further in the section of this Report entitled

39. Commission on College Physics, Preparing High School Physics Teach-
ers (1968), p. 12.

40. Appendix C, Arnold A. Strassenburg, “A discovery approach to introduc-
tory physics,” in Commission on College Physics, Preparing High School
Physics Teachers (1968), pp. 20-21.

41. See, e.g., Wead, Aims and Methods of the Teaching of Physics, pp.117-
122, and Twiss, “The reorganization of high school science.”

42. David E. Meltzer and Ronald K. Thornton, “Resource Letter ALIP-1: Ac-
tive-Learning Instruction in Physics,” American Journal of Physics 80, 478-
496 (2012).
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“Foundational Material II: Research on Physics Teacher
Education” (pp. 37-39). In recognition of these findings,
Recommendation #6 implies that it is not sufficient for
prospective teachers of physics to be exposed only to tra-
ditionally taught lecture courses, but that they must also
benefit from the many advances in research-based physics
instruction developed over the past 40 years:

6. Teaching in physics courses at all levels should be
informed by findings published in the physics edu-
cation research literature.

University physics instruction as well as K-12 phys-
ics instruction should take advantage of the exten-
sive literature on student learning in physics and on
research-validated instructional approaches. This will
maximize student learning and will optimize the en-
vironment for students to consider teaching careers....
Physics faculty should become familiar with published
reports on research-validated instruction and should
be able to make evidence-based claims about the effec-
tiveness of their own instruction.

Summary

It is ironic that for much of the past century, the United
States has been a world leader in science and technology —
and in physics in particular —despite the lack of an effective
system for educating physics teachers. As the foregoing
discussion makes clear, such a system has never existed in
the U.S. One can reasonably ask whether it is really so ur-
gent for the educational system to change if, as it seems, in-
adequate physics teacher education has not prevented the
U.S. from assuming a leadership role on the world science
stage. However, times are changing, and a multitude of re-
ports—exemplified by those cited in Chapter 1 of this Re-
port—suggest that the pace of such change has accelerated
during the past 20 years. As our discussion in Chapter 1
makes clear, there is abundant and growing evidence that
the imperfect public educational system in physics and
other sciences has evolved from being, arguably, merely
a hindrance to scientific and technological development,
into what is now a potentially insuperable obstacle stand-
ing in the way of continued U.S. preeminence in science
and technology.
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David E. Melizer, lead author

Overview

elatively few published research studies have ad-

dressed the impacts of U.S. physics teacher education
programs. However, several recent investigations have
probed the outcomes of programs in which there is a strong
focus on physics-specific pedagogy using research-validat-
ed instructional methods of the type recommended in this
Report."

An unusual and revealing investigation was commis-
sioned by the National Science Foundation (NSF) and car-
ried out by the TIMSS International Study Center at Boston
College.? In this study, the TIMSS twelfth-grade physics
test was administered to a random sample of twelfth-
grade students taught by teachers who had participated
in NSF-sponsored teacher enhancement and materials de-
velopment programs. These NSF-sponsored programs in-
cluded several that were based on research in physics edu-
cation and that used instructional methods described and
endorsed in this report. The study revealed that students
taught by teachers who had participated in the NSE-spon-
sored programs significantly outperformed other U.S.
high school physics students who had taken the same test.3

“...students taught by teachers who
had participated in the NSF-spon-
sored programs significantly out-
performed other U.S. high school
physics students who had taken
the same test.”

A number of other studies reported in peer-reviewed jour-
nals and proceedings have examined outcomes from in-

1. This section draws on material from David E. Meltzer, “Research on the
education of physics teachers,” in Physics Teacher Education: Research,
Curriculum, and Practice, edited by David E. Meltzer and Peter S. Shaffer
(American Physical Society, College Park, MD, 2011), pp. 3-14.

2. TIMSS (Trends in International Mathematics and Science Study) is an in-
ternational study of students’ mathematics and science achievement.

3. TIMSS International Study Center, TIMSS Physics Achievement Compar-
ison Study (TIMSS International Study Center, Chestnut Hill, MA, 2000).
Available at: http://modeling.asu.edu/Evaluations/TIMSS_NSFphysics-
Study99.pdf.

dividual university-based teacher education programs. In
the remainder of this section we will review and briefly
summarize several of these studies; detailed reports may
be found in the cited references.

Research on Programs for Prospective and Practicing
Teachers

Pre-service teachers in the University of Washington’s
Physics by Inquiry program taught lessons on light in a
ninth-grade classroom using materials and methods they
had themselves recently learned. Their ninth-grade stu-
dents had much higher scores (45%) on post-instruction
diagnostic tests than did undergraduate university phys-
ics students in traditional physics courses taking the same
tests (20%).* A summer program at California State Uni-
versity San Marcos that also used the research-based Phys-
ics by Inquiry curriculum reported strong learning gains
among in-service middle school and high school physics
teachers, as measured by improvements in performance
on physics concept tests. Delayed tests administered six to
eight months after instruction found good to excellent re-
tention of the learning gains. °

Students of teachers who participate in Arizona State
University’s “Modeling Instruction” in-service program
have consistently shown much better performance on
the “Force Concept Inventory” mechanics diagnostic test
than students of teachers who had not been through that
or any comparable program.® Other evidence shows that
both pre-service and in-service teachers who participate
in workshops using the Modeling method demonstrate
greater gains on physics concept tests than do students en-
rolled in comparable courses that use only standard text-
books and instructional methods.”

4. Lillian C. McDermott, Paula R. L. Heron, Peter S. Shaffer, and MacKenzie
R. Stetzer, “Improving the preparation of K-12 teachers through physics
education research,” American Journal of Physics 74, 763-767 (2006).

5. Graham E. Oberem and Paul G. Jasien, “Measuring the effectiveness of
an inquiry-oriented summer physics course for in-service teachers,” Jour-
nal of Physics Teacher Education Online 2(2), 17-23 (2004).

6. An early report is in David Hestenes, Malcolm Wells, and Gregg
Swackhamer, “Force Concept Inventory,” The Physics Teacher 30, 141-
158 (1992), and a follow-up report is in Malcolm Wells, David Hestenes,
and Gregg Swackhamer, “A modeling method for high school physics in-
struction,” American Journal of Physics 63, 606-619 (1995). The data are
reviewed within a larger perspective by Richard R. Hake, “Interactive-en-
gagement versus traditional methods: A six-thousand-student survey of
mechanics test data for introductory physics courses,” American Journal
of Physics 66, 64-74 (1998). More recent data are discussed in an evalu-
ation report prepared for NSF, available at: http://modeling.asu.edu/R&E/
ModelingWorkshopFindings.pdf.

7. Meltzer, “Research on the education of physics teachers,” Section IVC.ii.
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The Rutgers University program for pre-service physics
teacher education is based on a sequence of courses on
physics-specific pedagogy, founded on physics education
research. Evaluations of program participants show that
their knowledge of both physics concepts and science pro-
cesses (such as experiment design) improve dramatically
over the course of the program, with final scores showing
high proficiency. These objective measures were consistent
with evaluations by the students” mentor teachers and sci-
ence supervisors.®

Extensive studies of students who participate in the Uni-
versity of Colorado’s “Learning Assistant” pre-service pro-
gram have documented dramatic learning gains not only
in introductory-level physics courses but in advanced-lev-
el courses as well.® Follow-up observations and interviews
with former participants in the program indicate that
teaching practices of first-year secondary science teachers
who had been in the program are more closely aligned
with national science teaching standards than practices of
comparable first-year teachers who had not been part of
the program.'®

An in-service program at the University of Colorado en-
gages physics and physical-science teachers in curriculum
planning, and in research on their own classroom teaching
practices. Together they review and reflect on their work
from the standpoint of findings in the science education lit-
erature. A variety of written and video data indicate clear
progress by the participating teachers toward teaching
practices and ideas that are consistent with recommenda-
tions in the science education literature."

8. Eugenia Etkina, “Pedagogical content knowledge and preparation of high
school physics teachers,” Physical Review Special Topics - Physics Edu-
cation Research 6, 020110-1-26 (2010).

9. S. J. Pollock, “A longitudinal study of the impact of curriculum on concep-
tual understanding in E&M,” in 2007 Physics Education Research Confer-
ence [Greensboro, North Carolina, 1-2 August 2007], edited by Leon Hsu,
Charles Henderson, and Laura McCullough, AIP Conference Proceedings
951 (AIP, Melville, NY, 2007), pp. 172-175; Valerie Otero, Steven Pollock,
and Noah Finkelstein, “A physics department’s role in preparing physics
teachers: The Colorado learning assistant model,” American Journal of
Physics 78, 1218-1224 (2010).

10. Kara E. Gray, David C. Webb, and Valerie K. Otero, “Are Learning Assis-
tants better K-12 science teachers?” in 2010 Physics Education Research
Conference [Portland, OR, 21-22 July 2010], edited by Chandralekha
Singh, Mel Sabella, and Sanjay Rebello, AIP Conference Proceedings
1289 (AIP, Melville, NY, 2010), pp. 157-160; Kara E. Gray, David C. Webb,
and Valerie K. Otero, “Effects of the Learning Assistant experience on in-
service teachers’ practices,” in 2011 Physics Education Research Con-
ference [Omaha, Nebraska, USA, 3-4 August 2011], edited by N. Sanjay
Rebello, Paula V. Engelhardt, and Chandralekha Singh, AIP Conference
Proceedings 1413 (AIP, Melville, NY, 2012), pp. 199-102.

11. Mike Ross, Ben Van Dusen, Samson Sherman, and Valerie Otero, “Teach-
er-driven professional development and the pursuit of a sophisticated un-
derstanding of inquiry,” in 20711 Physics Education Research Conference
[Omaha, Nebraska, USA, 3-4 August 2011], edited by N. Sanjay Rebello,
Paula V. Engelhardt, and Chandralekha Singh, AIP Conference Proceed-
ings 1413 (AIP, Melville, NY, 2012), pp. 327-330.
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The Constructing Physics Understanding (CPU) project
at San Diego State University included summer and aca-
demic-year workshops targeted at in-service high school
teachers. These workshops included inquiry-based in-
vestigative activities developed through physics educa-
tion research. High school students taught by workshop
participants recorded higher scores on physics concept
exams than students taught the same concepts by a very
comparable group of teachers who had not taken the CPU
workshops. The highest scores were recorded by students
of teachers who had previous CPU experience and who
had helped lead the workshops.'2

An Israeli program utilized methods closely analogous to
those employed by U.S. researchers. This program guid-
ed in-service physics teachers to develop, and use in their
classrooms, curricular materials and instructional meth-
ods based on physics education research. These teachers’
students performed better on tests of electromagnetism
concepts than did students at the same schools who used
standard instructional materials not based on education
research results.'

The PTRA (Physics Teaching Resource Agent) program,
sponsored by the American Association of Physics Teach-
ers and funded by the National Science Foundation, has
provided research-based workshops and curricular mate-
rials for in-service physics and physical science teachers
since the 1980s.'* Although peer-reviewed studies of the
effectiveness of these workshops have yet to be published,
preliminary research data suggest that students of long-
term workshop participants make gains in physics content
knowledge that are significantly larger than those made by
students of non-participants.'®

The programs described above are all specifically targeted

12. Douglas Huffman, Fred Goldberg, and Michael Michlin, “Using comput-
ers to create constructivist learning environments: Impact on pedagogy
and achievement,” Journal of Computers in Mathematics and Science
Teaching 22, 151-168 (2003); Douglas Huffman, “Reforming pedagogy:
Inservice teacher education and instructional reform,” Journal of Science
Teacher Education 17, 121-136 (2006).

13. Bat-Sheva Eylon and Esther Bagno, “Research-design model for profes-
sional development of teachers: Designing lessons with physics education
research,” Physical Review Special Topics - Physics Education Research
2, 020106-1-14 (2006).

14. Larry Badar and Jim Nelson, “Physics Teaching Resource Agent pro-
gram,” The Physics Teacher 39, 236-241 (2001); Teresa Burns, “Maximiz-
ing the workshop experience: An example from the PTRA Rural Initiatives
Program,” The Physics Teacher 41, 500-501 (2003).

15. Karen Jo Adams Matsler, Assessing the Impact of Sustained, Compre-
hensive Professional Development on Rural Teachers as Implement-
ed by a National Science Teacher Training Program, Ed.D. dissertation
(unpublished), Argosy University, Sarasota, Florida, 2004. Also see the
2010 NSF Final Report for the AAPT/PTRA Rural Project, prepared by
K. J. Matsler, available at: http://www.aapt.org/Programs/projects/PTRA/
upload/2010-NSF-Final-Report.pdf.
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“...physics teacher education pro-
grams can be effective if they are
thoroughly grounded in physics
education research and sharply
focused on developing expertise
with physics-specific pedagogy.”

at high school physics and physical-science teachers. How-
ever, outcomes reported in studies of similar programs that
focus on preparation of elementary-and middle-school
physical-science teachers are consistent with the results
discussed here. These studies offer further support for the
promise of the research-based instructional methods rec-
ommended in this Report for education of future physics
teachers.'®

16. For example, Fred Goldberg, Valerie Otero, and Stephen Robinson, “De-
sign principles for effective physics instruction: A case from physics and
everyday thinking,” American Journal of Physics 78, 1265-1277 (2010).

Summary

The research investigations summarized here are relatively
small in scale. However, their number, diversity, and con-
sistency of outcome provide substantial evidence for the
effectiveness of the physics teacher education methods rec-
ommended in this Report. They are also consistent with
the long-standing practices and research findings of phys-
ics teacher education programs in many other countries
that have demonstrated student learning outcomes supe-
rior to those observed in the United States.'” The literature
on physics teacher education both in the U.S. and around
the world indicates clearly that physics teacher education
programs can be effective if they are thoroughly grounded
in physics education research and sharply focused on de-
veloping expertise with physics-specific pedagogy.

17. See Chapter 1 of this Report as well as Meltzer, “Research on the educa-
tion of physics teachers.”
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Appendix A: Physics Department Survey Documentation

Introduction to Appendix A

ppendix A contains documents relevant to the T-TEP

nationwide survey of physics departments, with
follow-up phone interviews. T-TEP contracted with the
American Institute of Physics Statistical Research Center
(SRC) to conduct a survey of physics departments about
their teacher education efforts. Appendix A.1 contains
the full SRC report, including a detailed breakdown and
discussion of the survey results. The complete survey in-

strument is shown in Appendix A.2. As a follow-up
to the survey, departments with undergraduate phys-
ics teacher education programs that produced two or
more graduates per year were probed in more detail
with a phone interview. The telephone interview pro-
tocol developed and used by T-TEP is shown in Ap-
pendix A.3. Further details regarding the survey and
phone interviews can also be found in Chapter 2: Data
Sources and Methodology.
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Appendix A.1: AIP Statistical Research Center Report

2009 Survey of Physics Department Chairs:
Programs Preparing Students to Become High
School Physics Teachers

Patrick Mulvey, Roman Czujko, and Starr Nicholson
AIP Statistical Research Center
October 2009

Introduction

PS, AIP, and AAPT convened a joint task force on

physics teacher education. Among the goals of the
task force are to examine the extent to which physics de-
partments are involved in improving and promoting the
education of future physics teachers, to identify physics
departments that have efforts designed to prepare stu-
dents for high school teaching, and to identify the features
of physics education programs that are successful.

The task force understood that there were a broad variety
of different programs designed to improve physics teacher
education, including undergraduate programs, master’s
degree programs, pre-service programs, in-service efforts,
concentrations, and specialized courses. In addition, these
different efforts have different features and strengths.

The task force contracted with the Statistical Research Cen-
ter (SRC) of the American Institute of Physics to conduct a
survey of physics departments about their teacher educa-
tion efforts. The task force decided that the survey should
focus primarily on undergraduate programs in physics de-
partments intended to prepare undergraduate physics ma-
jors for high school physics teaching. This survey was part
of a much larger effort that included site visits and phone
interviews with representatives of selected programs.

How the Survey Was Conducted

SRC staff members collaborated with the data collection
subcommittee to develop a comparatively short ques-
tionnaire (about 20 questions). The questionnaire was de-
signed to identify physics departments with undergradu-
ate physics teacher education programs, to develop data
on the number of graduates coming out of those programs
and the number of faculty involved in the programs, and
to identify the extent to which these programs included
features of specific interest such as having a master teach-
er, and having a formal relationship with the education
department on campus.
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The survey was conducted exclusively on-line. A copy of
the questionnaire instrument is provided in Appendix A.2.
Chairs of the 754 departments that awarded a bachelor’s
degree in physics in 2009 were contacted by e-mail and in-
vited to participate in the study. After the initial e-mail,
department chairs who did not respond to the survey were
contacted up to four more times during June and July of
2009. We received responses from 578 departments for a
final response rate of 77%.

In addition to the survey, 26 responding departments with
undergraduate physics teacher education programs were
followed up with a phone interview. These interviews,
conducted by the task force, were used to clarify depart-
mental responses to the survey and to explore more deeply
the circumstances at these departments. Six site visits were
also conducted. In some instances the information ob-
tained during a phone interview or site visit differed from
what was provided on the survey. In 16 cases the survey
response data on the number of graduates from their un-
dergraduate physics teacher preparation program during
the last two years was different from what was obtained in
an interview or site visit. In these cases the interview or site
visit data was used to replace the survey response data. In
all but two of these cases, the number of graduates was
decreased by 1 or 2 individuals.

Table 1. Undergraduate education programs
in physics departments.
N Percent
Have an education program 206 36
With graduates 117 20
No graduates 51 9
New program 20 4
Missing degree data 18 3
No education program 372 64
Total responding departments 578

Terminology

Have an education program: provides a concentration,
track, or specialization, specifically designed to prepare
students to become high school teachers.

With graduates: At least one bachelor’s from teacher edu-
cation program awarded during the last 2 years (classes of
2008 & 2009).
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Of the 372 departments that did not have a an undergraduate education program:

192

125

department level.

courses.

Have no physics teacher preparation efforts at the department or institution level.

Have physics teacher preparation efforts at the institution level only.

26 Have no undergraduate specialization, but do have courses or other specifically designed teacher preparation efforts at the

21 Departments provided no information except that they don't have a departmental level teacher preparation program or

8  Departments offer a master’s degree in physics education.

Table 2. Undergraduate education program by highest physics degree offered.

PhD-granting departments Bachelor’s and Master’s granting Departments’
Have an education program N % N 9%
With graduates 19 13 98 23
No graduates 8 6 43 10
New program 8 6 12 3
Missing degree data 8 6 10 3
No education program 99 70 273 63
Total 142 436

No graduates: No bachelor's awarded from education
program during the last 2 years.

New program: Education program is less than 2 years old
and, thus, has no graduates.

No education program: No undergraduate concentration,
track or specialization specifically designed to prepare stu-
dents to become high school teachers.

Findings

Of the responding physics departments, 117 reported
that they had a teacher education program and that they
awarded at least one bachelor’s degree from that pro-
gram over the last two academic years. Ninety-eight of
these programs were at departments that awarded either
a bachelor’s or master’s as their highest physics degree.
The other 19 programs resided in physics PhD-granting
departments.

Combined, these departments awarded more than 200

physics bachelor’s each year from their education pro-
grams. About 150 of these were awarded by bachelor’s and
master’s-granting physics departments and another 50 per
year graduated from physics PhD-granting departments.

Flfty-one physics departments indicated that they had a
teacher education program that had, for various reasons,
no graduates over the last two years. Another 20 physics
departments indicated that they had begun a new program
less than 2 academic years earlier and so they had not yet
had an opportunity to graduate any teachers.

Virtually every department (over 94%) with an education

program whether with graduates over the last two years,
with no graduates, or new provided the name of an indi-
vidual who could be contacted for more information about
the teacher education program. The ability to identify a

1. Data for the 51 responding departments that offer a master’'s as their
highest physics degree have been combined with the bachelor’s-granting
departments due to their similarities and the small number of master’s pro-
grams.
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Table 3. Selected characteristics of teacher education programs in physics departments

Program with Program no New brogram
graduates graduates prog
% % %
Recognition and rewards 29 6 25
Cooperates with Dept. of 92 86 85
Education
Number of depts. 117 51 20

Table 4. Size of undergraduate program.

Physics bachelor’s from All physics bachelor’s? ]
Highest physics degree offered by education program (2-year total) Responding
department (2-year total) departments
Average Average  Typical Range® N
Bachelor’s & Master’s Depts.
Educ program w/ grads 3 11 6to16 98
Educ program no grads 8 4to12 43
New Program 11 i 12
No program 9 4to12 273
PhD-granting Depts.
Educ program w/ grads 5 40 14 to 54 19
Educ program no grads 31 ) 8
New Program 24 ) 8
No program 28 12 to 38 99

* too few responding departments to provide reliable and accurate percentiles.

contact for additional information was viewed as one indi-
cator that this might be an active program rather than one
that exists on paper only.

Few departments reported that that there was recogni-
tion, support, or tangible rewards for the faculty mem-
bers involved in their physics teacher education program.
Departments that recognized and rewarded faculty in-
volvement were more likely to have graduates from their
program than those that did not.

Of physics departments that have programs designed to
prepare undergraduate majors for careers in high school
teaching, the vast majority (about 90%) indicated that they
had either a formal or informal relationship with the edu-
cation department on their campuses.

2. Source for all physics bachelors: AIP annual Survey of Enrollments and
Degrees in physics and astronomy.
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In fact, about 80% of the chairs who reported a connection
with the education department were able to identify an in-
dividual in the education department who could provide
additional information.

The survey included a question intended to determine
whether departments had a Master Teacher engaged in
their efforts to prepare high school physics teachers. The
concept of a Master Teacher is new to many departments.
Even though we described the characteristics and respon-
sibilities of such an individual, the interpretation of what
constituted a Master Teacher varied greatly. As a result,
we determined that the data were neither accurate nor re-
liable.

SRC staff members used the number of physics bachelor’s
awarded over a two-year period as one indicator of the

3. Typical Range refers to the middle 50%, that is, the range from the 25th
percentile to the 75th percentile.
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size of the department. These data are collected annually
by the SRC.

Bachelor’s and master’s-granting physics departments that

Table 5. Physics faculty.

Highest physics degree offered by
department

Total physics faculty

Average Typical Range®
Bachelor’s & Master’s Depts.
Educ program w/ grads 9 5to12
Educ program no grads 7 3to8
New Program 8 *
No program 7 3t08
PhD-granting Depts.
Educ program w/ grads 36 18 to 50
Educ program no grads * *
New Program * *
No program 30 18 to 36

* too few responding departments to provide reliable and accurate percentiles.

Table 6. Size of university.

Highest physics degree offered by Total bachelor’s degrees® Number of universities
department
Average Typical Range

Bachelor’s & Master’s Depts.
Educ program w/ grads 1,434 704 to 1,988 97
Educ program no grads 793 328 to 1,039 42
New Program 1,290 * 12
No program 878 361 to 1,045 266

PhD-granting Depts.

Educ program w/ grads 3,532 2,008 to 5,230 19
Educ program no grads * * 8
New Program * * 8
No program 2,973 1,465 to 3,870 96

* too few responding departments to provide reliable and accurate percentiles.

grams or those with programs that had no recent graduates.

PhD-granting physics departments that recently awarded
bachelor’s from their physics education program tend to be

recently awarded physics education bachelor’s tend to be

larger than either those physics departments with no pro-

4.

5.

Source of faculty data: AIP biennial survey of the Academic Workforce in
Physics and Astronomy, 2007
Typical Range refers to the middle 50%, that is, the range from the 25th
percentile to the 75th percentile.
Source of total bachelor’s degrees: National Center for Education Statis-
tics of the U.S. Department of Education.

larger than PhD-granting departments with no programs.

Within bachelor’s and master’s-granting physics depart-

ments, the number of degrees from the education pro-

gram comprises a much larger proportion of all physics
bachelor’s awarded than is true of bachelor’s awarded by
PhD-granting physics departments.
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Teacher education programs come in a broad variety of
forms, and the terminology that individuals use to describe
their programs is inconsistent. Thus, the number of bache-
lor’s degrees awarded from the education programs as re-
ported in this survey may be somewhat inflated. However,
we are confident that the overall trends are correct.

The survey included a question intended to determine
whether departments recruited students to participate in
their physics teacher education program. Recruitment ef-
forts varied greatly from department to department and
the questionnaire did not provide guidance on how to cat-
egorize their efforts. As a result we do not have accurate
and reliable data on recruitment.

SRC staff members used data collected by another SRC
survey to describe the total number of faculty members in
the physics department.

Physics departments that recently graduated bachelor’s
from their education programs tend to have somewhat
more faculty members than physics departments with no
programs. This is true of PhD-granting physics depart-
ments as well as departments that award a bachelor’s or
master’s as their highest physics degree.

The survey included a question about the number of fac-
ulty members who were involved in efforts to prepare
high school physics teachers. However, the questionnaire

T-TEP
46

did not provide guidance about what constituted faculty
involvement. Many chairs interpreted this question very
differently than was intended. As a result we do not have
accurate and reliable data on faculty involvement.

SRC staff members used data collected by the U.S. De-
partment of Education to provide a picture of the size of
the universities in terms of the total number of bachelor’s
awarded in academic year 2005-06 across all fields.

Physics departments that have teacher education pro-
grams with recent graduates tend to be in larger univer-
sities than physics departments with no programs. This
trend is true of PhD-granting physics departments as well
as departments that offer either a bachelor’s or master’s as
their highest degree.

We had intended to incorporate data on the total number
of education bachelor’s awarded by each university as well
as the total number of bachelor’s in order to develop a scale
reflecting the relative importance of the education major
on campus. Unfortunately, education is a major that takes
on very many different forms in different institutions. De-
spite our best efforts, we were unable to develop accurate
and consistent data on bachelor’s degrees awarded in edu-
cation at each university in our respondent group.



Appendix A: Physics Department Survey

Appendix A.2: Survey Instrument

PhysTEC Survey of Physics Department Chairs

1. Does your institution have a concentration, track, specialization or courses specifically designed to prepare students to become high
school physics teachers? [Note: Such a program or courses might not be housed within the physics department]

[ ] No
[ ] Yes

2. Does the physics department have a concentration, track, specialization or courses specifically designed for preparing students to
become high school physics teachers?

[] No
[] Yes

If “No, directed to question #3.
If “Yes,” directed to question # 5.

3. Areany physics faculty members discussing the possibility of initiating a concentration, track, specialization or courses specifically
designed for preparing students to become high school physics teachers?

[ ] No
[ ] Yes

If question #1 = “No,” directed to question #19.

4. Who would be the appropriate person to contact to learn more about the institution-level program or courses designed to prepare
students to become high school physics teachers?

Name:

Phone:

Email:

Directed to question #19

Departments with an education program (question #2 = “Yes”) continue with question #5.

5. Youindicated your department has a concentration, track, specialization or courses specifically designed to prepare students to
become high school physics teachers.

At what level are these efforts?
[ ] Undergraduate student level
[] Graduate student level

[ ] Both the undergraduate and graduate student level

Departments with efforts at the undergraduate-level received question #6.
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6.

Which of the following best describes the physics department’s undergraduate-level concentration, track, specialization or courses
specifically designed to prepare students to become high school physics teachers?

[ ] A major or minor in physics that includes a track, concentration, or specialization designed for future high-school physics
teachers.

[] Individual course(s) designed specifically for future high-school physics teachers, but which are not included in a separate
bachelor’s degree program for future teachers.

[ ] Other efforts specifically designed to prepare undergraduate students to become high school physics teachers.

Which of the following best describes the physics department’s graduate-level concentration, track, specialization or courses
specifically designed to prepare students to become high school physics teachers?

[ ] A master’s degree in physics that includes a track, concentration, or specialization designed for future high-school physics
teachers.

[ ] Individual course(s) designed specifically for future high-school physics teachers, but which are not included in a separate
master’s degree program for future teachers.

[] Other graduate-level specific high school physics teacher preparation efforts not covered above.

Departments with efforts at the bachelors-level received this instruction:

Please answer the following questions concerning your efforts at the undergraduate-level designed to prepare students to become high
school physics teachers.

Departments with efforts only at the graduate-level received this instruction:

Please answer the following questions concerning your efforts at the graduate-level designed to prepare students to become high school
physics teachers.

Who within the physics department could we contact for information about your efforts to prepare high school physics teachers?

Name:

Phone:

Email:

Only departments with degrees (including minors and concentrations) designed to prepare students to become high school physics teachers
received questions #9, #10, and #11.

9.

10.

11.
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When did the physics department’s track, concentration, or specialization intending to prepare future high school teachers start?
Academic year: |:|

During the last 2 academic years (2007-08 and 2008-09) how many students completed your departments track, concentration, or
specialization designed to prepare them for high school physics teaching?

(Estimate if necessary) |:|
Number of graduates: |:|

Do students need to formally apply to the physics department’s high school physics teacher preparation concentration, track or
specialization?

[] No
[] Yes
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Departments offering only course work designed to prepare students to become high school physics
teachers received questions #12 and #13.

12.  When were the course(s) designed specifically for future high-school physics teachers first made available to students?

Academic year: |:|

13. During the last 2 academic years (2007-08 and 2008-09) how many students enrolled in courses designed to prepare them for high
school physics teaching?

(Estimate if necessary) |:|
Enrollment number: |:|

Departments offering either degrees or course work designed to prepare students to become high school
physics teachers received the remainder of the questions.

14. Do you recruit students to participate in your concentration, track, specialization or course(s)?
[] No
[] Yes

(14a) Please briefly describe your recruiting efforts:

15. How many physics faculty members are involved with your efforts to prepare high school physics teachers?

Number of faculty: |:|

16. Is a Master Teacher engaged in your efforts to prepare high school physics teachers? Definition: A Master Teacher is an experienced
high school physics teacher who may recruit and mentor new teachers, teach methods courses, build relationships with schools, and
contribute in other significant ways to teacher education programs.

[ ] No
[] Yes

(16a) Please provide the name and contact information for this master teacher.

Name:

Phone:

Email:

17. Is there recognition, support, or tangible rewards for the faculty members involved in your efforts to prepare high school physics
teachers (e.g. release time, admin, support, etc.)?

[ ] No
[] Yes
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(17a) Please briefly describe the recognition or support given to the faculty involved:

18. Is there a cooperative relationship between your department’s efforts to prepare high school physics teachers and the school of
education?

[ ] Yes, thereis a formal relationship

[ ] Yes, there is an informal relationship

] No
[] Idon't know

(18a) Who in the school of education would be the best person to contact if we wanted to learn more about this relationship?

Name:
Phone:
Email:

19. This survey was completed by:

Name:
Phone:
Email:
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Appendix A.3: Interview Protocol

Date:
Interviewee:
Institution:

Hi, is this [name of interviewee]? I'm ; I'm a member of the national Task Force on Teacher Education in Physics established
by the American Physical Society, AAPT and AIP. Your chair identified you as a person knowledgeable about the department’s efforts to
prepare high school physics teachers. I'd like to ask you a few questions about your program, which will take 20 minutes or less. We're
collecting this information to better understand the state of physics teacher preparation across the country. We will only report
information in aggregate, and will not publish information that can identify individual institutions. Does all this sound OK?

1. Your chairindicated ____ physics faculty members are involved in efforts to prepare high school physics teachers.

a.  Who are the lead faculty or staff involved, and what are their roles in teacher preparation?

b. Is there a person involved in the program who has extensive high-school teaching experience?

2. Your chair reported that the physics department has a concentration, track, or specialization specifically designed for preparing
students to become high school physics teachers, and these programs exist at {the undergraduate level / the graduate level /
both the undergraduate and graduate level}.

a. Could you briefly describe your programs?

b.  Your chair reported during the last 2 academic years, students completed your department’s track, concentration,
or specialization designed to prepare them for high school physics teaching. Could you confirm this?

3. Your chair indicated {there is / there is not} recognition, support, or tangible rewards for the faculty members involved in your
efforts to prepare high school physics teachers, for example release time or administrative support.

a.  Would you agree?

b. Please describe the level of support for your programs within the physics department and at the university.

4. Do you have courses designed specifically for future physics or physical science teachers? If so, please describe each course and
give typical enrollments.

5. Your chair indicated that your department {does / does not} recruit students into your program.

a. Could you confirm this?

b.  (If there is recruiting) What are methods of recruiting have you found to be effective?
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6. Do students in your program receive advising or mentoring? If so, please describe.

7. Early teaching experiences provide students opportunities to experience teaching early in their careers, which can help them
develop pedagogical skills and decide if they really want to pursue teaching.

a. Do you provide early teaching experiences for students? If so, please describe.

b.  Who supervises student teachers and makes field placements?

8. Do you keep track of program graduates, or continue to provide support after they graduate? If so, please describe.

9. Your chair indicated {there is /there is not } a cooperative relationship between your departments efforts to prepare high school
physics teachers and the school of education

a. Could you confirm this?

b. Please describe the relationship with the school of education.

10. What barriers to you see to further development and improvement of your program?

11. Can we call you back for a follow-up discussion?
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Appendix B: Site Visit Documentation

Introduction to Appendix B

his appendix contains documents T-TEP used to iden-

tify and conduct site visits to outstanding physics
teacher education programs. Appendix B.1 contains the
letter sent to all physics departments and the letter sent to
schools of education soliciting nominations for site visits.
Once institutions were selected for site visits (through a
procedure described in the Methodology chapter), a site
visit team was assembled, typically including one T-TEP
member from an academic institution, one professional so-

ciety liaison, and one volunteer from outside T-TEP. The
names of site visit volunteers are listed in Appendix B.2.
Prior to the site visit, each institution was sent a package
including a letter to the site visit host (Appendix B.3), a
memorandum of understanding (Appendix B.4), and a
questionnaire (Appendix B.5). Responses to the ques-
tionnaire provided detailed program information that in-
formed the site visit team and supplemented information
gathered during the actual visit.
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Appendix B.1: Letters Soliciting Nominations

Dear [physics chair’s name],

| am writing to you today to ask if your department runs a significant program in high school teacher education. As a member of a
national task force on teacher education in physics, we intend to conduct site visits to exemplary programs to document and disseminate
ideas from such programs.

The American Physical Society, the American Association of Physics Teachers, and the American Institute of Physics have been working
together throughout this decade to address the dramatic shortage of highly qualified teachers of high school physics. These Societies have
worked to encourage physics departments to engage with their respective schools of education in addressing this issue. As a part of this
endeavor, they recently formed a national task force to help identify and document innovative and effective programs that have resulted
in educating many more highly qualified teachers of physics.

This task force is now working to identify programs of significant merit for further study. Our aim is to conduct site visits to some of the
most noteworthy and productive programs and to broadly disseminate the results of their efforts throughout the physics and teacher
education communities.

Today, we come to you to inquire if you feel the program at your university is one that we should visit and document. We are not
describing a set of criteria or particular measures of success, as we feel there are a number of interesting programs of many different stripes
that might be of interest to the community. If you feel that your program (or another that you are aware of) would be worth such study,
we invite you to reply with the following information:

«  Name and contact information of a person with whom we can speak concerning the program

« A brief (no more than one page) description of the program and the reasons why you think it would be of interest to the community

«  The number of teachers of high school (9-12) physics educated by the program in the past five years

«  Any supplementary materials that will help describe the program. This can include a website URL, recruiting materials, course
descriptions, or other materials. We can only accept electronic materials (no hard copies).

We would like this information returned by 1 July 2008. Please send the information to Ted Hodapp, Director of Education at the American
Physical Society: (hodapp@aps.org). If you have any suggestions, questions, or other comments, please feel free to contact Ted, or the chair
of the site selection subcommittee, Valerie Otero, University of Colorado at Boulder (valerie.otero@colorado.edu).

Thank you for your help in this matter.

For the task force,

Ted Hodapp
Director of Education and Diversity
American Physical Society

Task Force members include: Eugene Levy (Rice University)

Eugenia Etkina (Rutgers University) George Pinky Nelson (Western Washington University)
David Haase (North Carolina State University) Valerie Otero (University of Colorado)

Jack Hehn (American Institute of Physics) Monica Plisch (American Physical Society)

Warren Hein (American Association of Physics Teachers) Mary Ann Rankin (University of Texas at Austin)

Ted Hodapp (American Physical Society) Jim Stith (American Institute of Physics)

Charles Holbrow (American Association of Physics Teachers) Stamatis Vokos, chair, (Seattle Pacific University)

Drew Isola (Michigan Public Schools)
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Appendix B.2: Letter to Site Visit Host

Dear (Program Chair/Coordinator/Faculty Member):

The purpose of the site visits of the Physics Teacher Task Force is to investigate successful programs that prepare qualified teachers of
physics. We are gathering data to produce a report for national circulation about excellent programs in physics teacher education. The task
force is a joint effort of American Physical Society, American Association of Physics Teachers, and American Institute of Physics. The site
visits are supported with funding from the Physics Teacher Education Coalition. The focus of the task force is on teachers qualified to
teach physics. The task force will undertake three main lines of inquiry:

1. Increasing the number of qualified teachers Are there generalizable, yet flexible, strategies that institutions (and in particular, physics
departments and schools or colleges of education) can employ?

2. Identifying best practices Are there effective (a) strategies in recruitment, (b) models of professional preparation, and (c) higher
education systems of support during the first three years of teaching?

3. Research, Policy, Funding Implications Are there characteristics of physics departments, special partnerships, and types of institutional
support and extramural funding that foster effective programs? Are there important new research agenda in teacher professional
education and development in physics, which can be identified and promoted? What new measures of discipline-based teaching
effectiveness need to be developed? What new funding avenues and policy changes need to be in place to support these cutting-edge
research and development efforts?

The visit is not intended to evaluate directly the strengths and weaknesses of your physics teacher preparation program. The eventual goal
is to be able to characterize those elements that are important (or in some cases crucial) for planning, developing, implementing, and
sustaining successful programs that prepare qualified teachers of physics.

The attached memorandum of understanding explicitly states the terms under which the site visit will be conducted. Please sign it, return
it to me, and keep a copy for your files. Also attached are several questions whose answers should be provided to the Physics Teacher Task
Force before the site visit. The site visit team will consist of approximately three physics educators including one of the members of the
task force.

The task force appreciates you agreeing to participate in the site visit program. Your contribution will help other physics teacher
preparation programs design constructive responses to the growing need for qualified physics teachers.

Sincerely,
Stamatis Vokos
Chair, Physics Teacher Task Force
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Appendix B.3: Memorandum of Understanding

Agreement by and between THE NATIONAL PHYSICS TEACHER TASK FORCE, and XXX (hereinafter “Local Site”).

It is agreed:

The Local Site will cover all local transportation during the visit for the three-member site visit team.
The Local Site will make appropriate hotel reservations for the site visit team.

The National Physics Teacher Task Force will cover all travel, hotel and meal expenses for the site visit team (including
transportation from the airport to the hotel).

The Local Site will provide the site visit team with written responses to a set of questions about their program at least two weeks
prior to the site visit.

In consultation with the site visit team leader, the Local Site contact will set up a schedule of appointments with small groups
of faculty (both in the Physics Department and the School of Education and outside the program as appropriate), students
(including the graduates), support staff, and administrators.

After the site visit, the site visit team will provide the Local Site contact with a written report of the team’s findings within one
month of the site visit. The report is written for the physics program. The Local Site contact may share the report with the
institution’s administration at their discretion. The task force will seek permission of the Local Site before using any of the data in
the report in a way that links the data directly to the Local Site. The National Physics Teacher Task Force may ask for additional
data and comments as it prepares a case studies document.

Date:

Stamatis Vokos, Chair
National Physics Teacher Task Force

Date:

Local Site contact
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Appendix B.4: Site Visit Questionnaire

The site visit will be much more productive both for the Task Force and for the host Physics Teacher Preparation Program if the site visit
team members have some information about the host Physics Teacher Preparation Program in advance of the actual visit. The Physics
Teacher Preparation Program Questionnaire provides insights on many aspects of the information we would like to receive. Please provide
the following information two weeks prior to the scheduled site visit.

1. Personnel

A. Physics and Education Faculty by rank (if your institution has rank) who are engaged in physics teacher education and give
years in service for teacher preparation.

B. Describe briefly the affiliations of the faculty and staff who participate in the program, their education, teaching experiences
and research interests.

C. Describe activities that the education and physics faculty and staff engage in together.

D. Do any of the faculty conduct research on teacher preparation or teacher professional development? If so, describe briefly.

2. Students

A. The number of teachers that your organization certifies in each year broken down by elementary and secondary for each of
the past 6 years.

B. The number of those who received science teaching certification degree with the special information about those who are
prepared to teach physics (list majors and minors) for each of the past 6 years. Explain why you think that these individuals are
prepared to teach physics.

C. If the physics major is not required for certification, list the required physics courses for prospective teachers of physics.

D. If possible, roughly what fraction of your graduates actually goes into K-12 teaching? Roughly, how many remain after 3 years?
5 years? Alert us to any historical trends in that data. Provide names and contact information of 5-10 recent alumni and
information about their employment.

E.  What are the days/times when classes specifically offered for physics teacher candidates are offered?

F. What are the days/times when teacher candidates could be observed in a teaching activity?

G. What scholarships or financial assistance are available to physics teacher candidates?

3. Program

A. Provide a brief narrative about your program of preparation of physics teachers. Outline the critical elements of the underlying
philosophy of the program particularly focusing on what you consider to be the most important components and novel
features that you believe are particularly successful.

B. What changes have you implemented that helped increase the number of students in the program.

C. How do you recruit students for the program?

D. How do you mentor/advise students while in the program?

E.  How do you stay in touch with the students after they leave the program?

F. s your program nationally accredited or pursuing national accreditation?

G. List of courses in which physics teacher candidates learn teaching skills in physics. Provide syllabi.

H. The typical enrollments in each of the courses listed in H above.

Provide a brief description of early teaching experiences of prospective high school teachers of physics: when they occur, the
length, the choice of sites, the activities that candidates partake, and the assessment of these activities.

Describe research experiences (including when they occur) that physics/physical science candidates have or any other
experiences where they learn about scientific inquiry firsthand.

4. If you have other general information about your physics/physical science teacher preparation program including recruiting
brochures, course catalog information, college and physics program (if there is one), mission statements, course or faculty evaluation
forms, and so on, we would appreciate receiving copies of that information.

T-TEP
57



Transforming the Preparation of Physics Teachers: A Call to Action

Appendix B.5: Site Visit Volunteers

Eric Brewe Assistant Professor of Science Education
Florida International University

Charles Coble Co-Director, Science and Mathematics Teacher Imperative (SMTI)
Association of Public and Land-grant Universities

Larry Coleman Professor of Physics, Emeritus
University of California, Davis

Nicole Gillespie Director for Teaching Fellowships
Knowles Science Teaching Foundation

Paula Heron Professor of Physics
University of Washington

George (Pinky) Nelson Former Director, Science, Mathematics,
and Technology Education Program
Professor Emeritus of Physics and Astronomy
Western Washington University

Mel Sabella Associate Professor of Physics
Chicago State University

Rachel Scherr Senior Research Scientist
Department of Physics
Seattle Pacific University

Peter Shaffer Professor of Physics
University of Washington
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Introduction to Appendix C

his Appendix contains summary reports on physics

teacher education programs that T-TEP members vis-
ited. These reports are intended to illustrate some of the
best U.S. programs identified by T-TEP, determined both
by the number of graduates per year and the quality of the
program. This Appendix is not intended to be an exhaus-
tive list of the best programs, and there are almost certain-
ly programs that T-TEP did not visit that could have been
featured here. The procedure by which programs were

selected for on-site visits is described in the Methodolo-
gy chapter. Each summary begins with a brief overview
of the institution and the physics department, and then
lists the key program personnel and describes their prima-
ry responsibilities. The main features of each program are
discussed and particularly notable or unusual aspects are
highlighted. In addition, a brief historical review of each
program is provided to offer insight into how site leaders
addressed challenges and overcame obstacles in building
successful programs.
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Appendix C.1: Arizona State University (Tempe, AZ)

Through its Modeling Instruction Program, Arizona State
University built a national in-service teacher training
effort and developed a large, enthusiastic, and self-
sustaining community.

Notable Features

* instructional method and curricular materials devel-
oped and tested over two decades

e courses and workshops led primarily by experienced
master teachers

e sequence of courses focused on the teaching and learn-
ing of physics

Overview

Arizona State University (ASU) is a very large state uni-
versity in the Phoenix metropolitan area with a large and
highly ranked research-oriented physics department. The
department awards about 20 B.S. and 12 Ph.D. degrees
per year. Almost all physics teacher education at ASU
takes place in the Master of Natural Science (MNS) degree
program, designed for and dedicated to the professional
development of in-service physics and physical science
teachers. The MNS program is founded on the Modeling
Instruction' method developed at ASU in the early 1990s.
The program incorporates “Modeling Workshops” taught
by experienced K-12 teachers as well as additional pro-
fessional development courses taught by physics faculty.
Although all courses in the program can be used to satis-
fy degree requirements, many of those who enroll are not
actually in the degree program and take just one or two
courses for the purposes of professional development.

Although endorsed and supported by the physics depart-
ment, ASU’s in-service program has for 20 years operated
primarily through summer courses and workshops aided
by federal and state grant support. More than 600 physics
teachers, drawn from all over the country, have participat-
ed in the Modeling Workshops at ASU since their incep-
tion in the 1990s. The average annual participation is on the
order of 100 teachers; about half are new to the program
and half are returning teachers. About 6 MNS degrees are
awarded each year. The leaders of the program estimate
that about two-thirds of the nearly 200 physics teachers in
the Phoenix metropolitan area have participated in at least
one workshop, as have about half of all physics teachers
in Arizona. Thousands more teachers have participated
in workshops around the country led by former program

1. See http://modelinginstruction.org/researchers/publications/what-is-mod-
eling-instruction/.

T-TEP
60

participants. Apart from this in-service program, ASU has
a variety of routes toward certification of pre-service phys-
ics teachers that, collectively, have a relatively small annu-
al production (average total of less than 1 per year).

Leadership, Collaboration, and Administrative Support

The MNS Degree Program was founded by emeritus phys-
ics professor David Hestenes, who still plays a major role
in strategic planning and overall guidance. Physics facul-
ty member Robert Culbertson currently oversees the pro-
gram, and Jane Jackson provides day-to-day leadership.
A significant part of the program’s resilience is due to its
leaders’ abilities to raise grant funding as well as its built-
in source of income through summer workshops — factors
especially important to the university administration,
which is focused on the bottom line. This makes it possible
for both the physics department and the university admin-
istration to continue to provide an institutional home for
the program, along with some degree of logistical, admin-
istrative, and financial support. Jackson is continuously
involved in promoting the program, building the national
network of “Modelers” (teacher supporters of the Model-
ing program), and working to raise grant funds to keep the
program functioning.

Program Description

ASU’s Modeling Instruction program focuses on training
existing science teachers. It was founded in the early 1990s
by ASU physics professor David Hestenes, based in part
on work done with his graduate student and veteran high-
school teacher Malcolm Wells. Modeling Instruction inte-
grates insights from physics education research with the
classroom experience of expert teachers. Teachers engage
students in developing mathematical models of physical
behavior, and then evaluating and applying these models
in concrete situations.

In 2002, the university instituted a “Master in Natural Sci-
ence” (MNS) degree, which provided additional structure
and status for the Modeling Instruction Program at ASU.
The MNS program consists of a series of courses on physics
and physics pedagogical content knowledge also known
as Modeling Workshops. The courses can lead to the MNS
degree or to acquisition of “highly qualified” status as de-
fined by the Arizona Department of Education. The work-
shops and courses are designed specifically for in-service
teachers, many of whom are crossover (i.e., out-of-subject-
area) teachers. Participants may take just one or two of the
courses offered during a single summer, or an extended
series of courses over several summers that may lead to
the MNS degree. There are also four follow-up workshops
scheduled on Saturdays throughout the school year to pro-
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vide support and encouragement to novice Modelers who
are close enough to ASU to attend.

A number of distinctive features characterize the program:

® Many courses are led by highly experienced second-
ary-school teachers who speak the language and ad-
dress the culture of the classroom.

e Workshops are scheduled during the summer to be ac-
cessible to in-service teachers.

e The program gives teachers the opportunity to earn
graduate credit.

Many classes are highly interactive—teachers experience
for themselves what they will be teaching by playing the
role of students in a class led by master teachers. Partic-
ipants work in groups, using laboratory equipment and
computers to investigate a series of physical systems and
develop and test mathematical, graphical, and descriptive
“models” to characterize the nature and behavior of these
systems.

The programs are affordable for local teachers. For Ari-
zona teachers, the program has been able to obtain state
grant funds nearly every year to cover much of the cost.
The loss of NSF funding support has made the workshops
significantly more expensive for out-of-state teachers.

The MNS program is a highly coherent program deeply
rooted in Modeling Instruction pedagogy and primarily
geared for in-service science teachers with some physics
background. Summer coursework is structured into three
categories: (1) physics pedagogy, including mechanics
and electricity & magnetism; (2) interdisciplinary science,
including integrated mathematics and physics; and (3)

contemporary physics, including structure of matter and
physical science with math modeling. Most courses in cat-
egories 2 and 3 are offered on a rotating basis over several
summers. While subject to faculty oversight, most cours-
es in category 1 as well as some courses in category 2 are
taught by teams of outstanding in-service physics teach-
ers. (This is consistent with “peer coaching,” as endorsed
in the National Science Education Standards.) In addition,
all those seeking an MNS degree are required to carry out
small-scale research projects in their own classrooms. A to-
tal of 30 graduate credit hours are required for the MNS
degree: 15 credit hours from physics pedagogy and inter-
disciplinary science courses, and a minimum of six credits
in contemporary physics courses.

The Modeling Instruction Program and associated MNS
Program have fostered an active teacher community.
Many of the teachers T-TEP interviewed shared how use-
ful it was to be able to stay connected with other Modelers
by e-mail and the listserv during the school year to share
ideas and ask for help. These teachers looked forward to
seeing each other during summers when they would at-
tend or help lead workshops and courses in the program.

Program Contact

Dr. Robert Culbertson
Department of Physics

Arizona State University

P.O. Box 871504

Tempe, AZ 85287-1504

Phone: (480) 965-0945

E-mail: robert.culbertson@asu.edu
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Appendix C.2: University of Arkansas (Main
Campus, Fayetteville, AR)

The arrival of an enthusiastic faculty champion to
spearhead reforms in physics education led to dramatic
increases in the numbers of physics majors and physics
teachers.

Notable Features

¢ dramatic advances following arrival of program cham-
pion dedicated to physics education

¢ flexible program that incorporates multiple routes to-
ward becoming a high-school physics teacher

® active collaboration between physics and education
departments

Overview

The University of Arkansas at Fayetteville is the flagship
institution of the state system; its physics department has
a thriving undergraduate program and graduates approx-
imately 20 majors per year. It has the only physics gradu-
ate program in the state, granting about 4 Ph.D.’s per year.
Physics teacher preparation began after the department
recruited a faculty member in 1994 who had a primary
interest in physics education. This faculty member, Gay
Stewart, led the department’s successful efforts to obtain
several grants to support physics teacher education, in-
cluding grants from PhysTEC and the NSF Noyce Scholar-
ship program, state and national Math Science Partnership
(MSP) grants, and others. The overall outcome was an in-
crease in the number of University of Arkansas graduates
certified to teach physics from nearly zero to 5-7 per year.

Leadership, Collaboration, and Administrative Support

Stewart leads teacher education efforts in the physics de-
partment. Prior to kick-starting Arkansas’ physics teach-
er preparation efforts, Stewart had led efforts to reform
the undergraduate program, including revisions to the
introductory physics courses, changes in advising proce-
dures, and introduction of modified degree plans; these
reforms led to a dramatic increase in the number and
quality of physics majors. This set the stage for Stewart to
begin recruiting these majors to become teachers. Stewart
was joined by a second PER faculty member in 2001 who
helped in all these efforts, and the numbers of majors and
teachers increased further.

Stewart recruits students to become physics majors and
physics teachers and remains in regular contact with them
both during their program and after graduation. Her work
in physics education is seen as a priority by the chair of the
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physics department, who indicated that he would hire an-
other faculty member with a similar focus if Stewart were
no longer in the department. The physics department is
regarded as a model for other departments by the dean
and other upper-level administrators for its excellent pro-
grams. Stewart receives strong support from university
administrators, and the department allocates resources,
including additional graduate TAs, to support course re-
forms. Two physics faculty members now collaborate with
Stewart on physics education efforts.

Stewart is active within the physics education research
(PER) community, and is familiar with PER-based instru-
ments, pedagogies, and teaching practices. She has physics
research experience, as well as experience directing large
programs. As a physics faculty member, she has expertise
to work with teacher candidates on their understanding
of physics content and on issues about teaching physics
content to students. She creates a nurturing yet rigorous
environment for teacher candidates, and provides individ-
ual advising and customized degree tracks for students.
Stewart has worked closely with the university’s College
of Education and Health Professions to make appropri-
ate changes to the teacher education program in order to
increase the number and quality of physics teachers; for
example, decreasing the credit-hour requirement for ad-
mission made the program more accessible. Stewart also
maintains close contact with local school district officials.

Program Description

Each prospective physics teacher at Arkansas works
through a program that is customized to his or her needs
and schedule. The variety of pathways (listed below) offer
considerable flexibility, attracting students who might not
otherwise pursue physics teaching. All pathways lead to
certification in “7-12 earth and physical science,” which re-
quires 12 credit hours in physics, although UA graduates
exceed this minimum requirement.

¢ The “traditional” physics teacher preparation program
is a 5-year Master of Arts in Teaching (MAT) program,
with 4 years needed to complete the Bachelor of Arts or
Bachelor of Science in physics and the fifth year in ed-
ucation courses that lead to secondary certification in
physical science/geosciences. During the final semes-
ter of the MAT program, students spend 4 days per
week student teaching in grade 7-12 classrooms and
one day per week in courses at the university. There
is also an MAT program offered by a different campus
in the state, which allows students to be teachers of re-
cord and be paid by the schools during the MAT year.

¢ The “nontraditional licensure” or alternative certifica-
tion program allows students to begin teaching imme-
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diately after their bachelor’s degree while completing
requirements for full certification. This has been an im-
portant option for students who cannot afford an extra
year of study to complete the MAT program. When
Noyce Scholarship funding became available (see be-
low), fewer students chose this route.

The Master of Arts in Physics Teaching is a degree pro-
gram for in-service teachers to add certification in physics.
It emphasizes content and pedagogy needed for teaching
physics. This program also prepares two-year college fac-
ulty.

No matter which pathway a student chooses, Gay Stew-
art provides intellectual leadership, consistent support,
and professional nurturing throughout the program. Ad-
vising continues into the first few years of teaching. The
director of the physics education program is in commu-
nication with the director of field placements, and makes
an effort to place student teachers with excellent, experi-
enced, reform-minded teachers who are often graduates of
the program. The program director organizes professional
development programs that provide induction support for
new teachers, and encourages program graduates to par-
ticipate.

The program includes one course specifically targeted
toward the development of physics pedagogical content
knowledge. This course incorporates an experiential learn-
ing program in which students work as Learning Assis-
tants or peer instructors in an introductory physics course,
with a guided-inquiry approach to instruction. The course
may be taken for up to 9 credit hours, focusing on different
topic areas. In addition, many students enroll in indepen-
dent study courses with the program director, in which
they become familiar with physics education research

literature and physics-specific pedagogy. The program
director also arranges for other teaching experiences for
future teachers, including internships at local high schools
with excellent physics teachers.

One key factor in Arkansas’ success in recruiting, accord-
ing to graduates interviewed by the Arkansas faculty, is
the array of excellent, engaging introductory physics
courses taught by physics faculty members who demon-
strate a deep commitment to the quality of their teaching.
Another key factor in recruiting teachers is that when stu-
dents express interest in K-12 teaching, physics faculty ex-
plicitly discuss it as a valid career choice and provide ex-
cellent advising and support to physics majors who make
this choice. The Learning Assistant program, for which
students receive credit instead of pay, is an additional
mechanism for recruiting students to teaching careers and
augmenting the teacher certification program. In addition,
a Noyce Scholarship program provides critical financial
support for students to complete their education to be-
come physics teachers, which often requires an extra year
of coursework beyond the bachelor’s degree.

Program Contact

Dr. Gay Stewart

Physics Department
University of Arkansas
226 Physics Building

825 West Dickson Street
Fayetteville, AR 72701
Phone: (479) 575-2408
E-mail: gstewart@uark.edu
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Appendix C.3: Brigham Young University (Provo, UT)

Brigham Young University produces more qualified physics
teachers than any other university in the United States.!

Notable Features

e large-enrollment program with multiple entry points

* close mentoring and advising of teacher candidates by
expert physical science teachers

* tenure-track faculty position dedicated to physics
teacher education

Overview

The physics department at Brigham Young University
(BYU) has planned and built a program for physics teacher
education that is compatible with the unique mission of
the university. This mission, which places great emphasis
on teaching and education, arises from the University’s
affiliation with the Church of Jesus Christ of Latter-day
Saints. The physics department graduates approximately
55 physics majors each year (among the top five of all de-
partments in the country), and an average of 14 physics
teachers per year (including majors in physics teaching
and in teaching physical science), more than any other de-
partment in the United States. More than 95% of graduates
who are certified get teaching jobs, and retention rates are
very high. Several high schools near BYU have expanded
their physics programs as a result of the increased supply
of well-prepared physics teachers and greater student de-
mand for physics.

The high priority of undergraduate education within the
university seems to affect every aspect of this thriving pro-
gram. Nearly all physics faculty invest substantial effort
in their teaching, and unfavorable tenure decisions hap-
pen as frequently for problems with teaching as for prob-
lems with research. The Mormon religion strongly values
education, and an emphasis on developing teaching skills
from an early age motivates students to consider a career
in teaching. Such an environment supports the legitimacy
of the teacher education program within the physics de-
partment. The fact that BYU is largely supported by the
Mormon Church provides a stable source of funding for
programs and fosters cooperation between departments
rather than competition.

1. According to data collected by T-TEP.
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Leadership, Collaboration, and Administrative Support

In 2000, physics professor Robert Beck Clark was recruit-
ed from Texas A&M, where he had led a physics teacher
education program. Clark envisioned and laid the ground-
work for BYU’s program as it stands today. In 2004, the
School of Education transferred a faculty position to the
physics department, following a precedent established
in other disciplines for housing secondary teacher educa-
tion faculty in respective disciplinary departments. Clark
recruited high school teacher Duane Merrell to the ten-
ure-track position for physical-science teacher education.
Merrell’s responsibilities are wholly concerned with teach-
ing physical-science teacher education courses and mento-
ring student teachers. He enjoys strong support from the
faculty, who often go to him for advice on teaching, and
has been highly successful at bringing in grant funding.

The School of Education hires a master teacher on a two-
year rotating basis as a Clinical Faculty Associate (CFA) to
assist Merrell in recruiting students, teaching courses, and
observing students in their practicum placements. CFA
positions depend on strong ties with local school districts,
which release master teachers for two years to work in uni-
versity teacher preparation programs in exchange for new
BYU graduates who are mentored by the master teacher.
Overall, BYU provides extremely strong administrative
support for teacher education, and the physics chair indi-
cated he would restructure other programs before cutting
teacher education.

Program Description

The physics teacher preparation program at Brigham
Young University is a four-year undergraduate program in
which students may receive a Bachelor’s of Science degree
in either physics teaching or in teaching physical science.
The program includes:

* two physics-specific pedagogy courses (for physics
credit) and two physical science methods courses; each
methods course involves several hours of experience
in K-12 schools;

e five secondary education courses from the school of
education, which include topics such as multicultur-
al education, educating students with disabilities, ad-
olescent development, classroom management, and
technology in the classroom;

® physics coursework: physics teaching majors take
three fewer courses than a full physics major, and
physical science teaching majors take the equivalent of
a physics minor with additional coursework in chem-
istry and earth science;
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e student teaching for a full semester, instead of the re-
search project required for full physics majors. Student
teacher placements and supervision are the responsi-
bility of the physics department, as is the supervision
of pre-service teachers who are doing internships
(with a temporary license) in K-12 schools.

While there is a recommended order in which to take
courses, there is a large amount of flexibility in the pro-
gram to accommodate students who make the decision to
join the program at various times during their undergradu-
ate career. Merrell, the director of the program, has enough
power within the institution to tailor requirements to meet
the needs of the students. This flexibility appeared to be
an important aspect of recruiting students to the program.

Merrell has a close advising relationship with all students,
and provides intellectual leadership, consistent support,
and professional nurturing throughout the program and
after graduation. Merrell teaches all the physics pedago-
gy classes, and he or the CFA visit each student teacher
at least once a week. He frequently visits first- and sec-
ond-year teachers as well. One student referred to Merrell

as his “right-hand man,” expressing the sentiment that he
is a great resource.

Future teachers are placed in carefully selected classrooms
for early teaching experiences and student teaching. The
philosophy at BYU is that these placements must be with
excellent, experienced, reform-minded teachers, many of
whom are graduates of the program. This is facilitated by
strong communication between Merrell and the director
of field placements, and an advisory board of cooperating
teachers. Student teachers are often placed in two-person
teams that require fewer mentor teachers and foster more
dialogue than individual student-teacher placements.

Program Contact

Duane Merrell

Department of Physics and Astronomy
Brigham Young University

Provo, UT 84602

Phone: (801) 422-2255

E-mail: duane_merrell@byu.edu
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Appendix C.4: Buffalo State College (Buffalo, NY)

Buffalo State College has educated a large number of
in-service teachers of physics through its Master’s pro-
gram and related professional development activities.

Notable Features

* Master’'s degree program that produces a significant
number of graduates
* a group of faculty dedicated to physics teacher edu-

cation

¢ physics education research results infused into the
curriculum

Overview

Buffalo State College (BSC), also known as SUNY Col-
lege at Buffalo, is a regional institution with a significant
focus on teacher education. It is a former normal school
and graduates nearly 500 students each year with educa-
tion degrees. The physics department has a half-dozen fac-
ulty with additional staff support, and graduates about 3
physics majors per year (about half are physics education
majors). BSC’s close proximity to SUNY Buffalo, a large re-
search-intensive university with a physics Ph.D. program
and a large engineering school, allows BSC physics stu-
dents to increase their options in undergraduate research.
In contrast with the small number of undergraduate phys-
ics education majors, BSC typically graduates four or five
Master’s students in physics education each year. The Mas-
ter’s program is designed for teachers already certified in
secondary science or math seeking to add an endorsement
in physics and/or to deepen their knowledge of physics
and physics teaching methods.

Leadership, Collaboration, and Administrative Support

Physics professor Dan Maclsaac plays an indispensable
role in guiding the intellectual development of the Buffa-
lo State physics teacher education program. Maclsaac has
been instrumental in developing the current form of the
program, advocating for it, and incorporating the Model-
ing Instruction curriculum’ in several courses. Both Ma-
clsaac and Kathleen Falconer, a lecturer in Elementary
Education and Reading, are nationally recognized experts
on the use of the Reformed Teaching Observation Protocol
(RTOP), a teacher assessment technique that is also used
in the physics teacher education program. The physics de-
partment has also dedicated significant additional human
resources to teacher education and professional develop-

1. See the link in the site visit report on Arizona State University for more
details regarding the Modeling Instruction curriculum.
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ment. At the time of the site visit, at least one-third of the
regular physics faculty were associated with the program,
and the department had recently hired a physics educa-
tion researcher, Luanna Gomez, in a tenure-track position.
Mac-Isaac, Gomez, and several adjunct faculty and other
staff work together on both pre-service teacher prepara-
tion and in-service education.

Support for the program reaches the highest echelons of
the institution. Both the president (now former president)
and the provost indicated that the physics program is
highly respected on campus and serves as a success story
in interactions with external constituencies. The dean of
education explicitly stated there was a significant collabo-
rative effort among the deans, provost, and vice president
to ensure the health of the teacher education programs.

Program Description

There are three paths within the overall physics teacher
preparation program: undergraduate physics education,
a post-baccalaureate certification-only program in phys-
ics education, and a Master’s program in physics educa-
tion. In addition, Buffalo State offers summer courses for
in-service teachers pursuing a physics endorsement. The
BSC program leverages the high interest in the graduate
and summer program courses to offset the smaller number
of undergraduate students who intend to teach physics.
In that way, undergraduate students have access to many
more specialized courses for teachers than would other-
wise be possible.

New York State requires licensure for all physics teachers,
which involves 30 credits of content courses. Six of those
credits can be taken in a related field; therefore, effectively
24 credits are required in physics for a physics licensure.
The BSC program includes two courses that combine Mod-
eling Instruction (based on the Arizona State University
program) and the Powerful Ideas in Physical Science cur-
riculum, and the curriculum generally is infused with re-
sults from physics education research. Students also take a
physics methods course and a number of education cours-
es. Transfer courses from other institutions may be used to
satisfy the physics content requirements.

The summer program of courses for those pursuing alter-
native certification is typically over-subscribed, and it gen-
erates significant revenue for the university. The summer
workshops for in-service teachers form one of the largest
programs for teachers of physics in the state. In addition,
regular meetings at BSC during the school year provide
professional development and community for in-service
physics teachers.
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Program Contact

Dr. Dan L. Maclsaac

Physics Department

Science Building 262

Buffalo State College

1300 Elmwood Avenue

Buffalo, NY 14222

Phone: (716) 878-3802

E-mail: macisadl@buffalostate.edu
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Appendix C.5: City College of New York (New York
City, NY)

The physics teacher preparation program at City College
of New York addresses the needs of a large urban school
system through a strong collaboration between the physics
and secondary education departments.

Notable Features

* active collaboration between physics and secondary
education departments; program champion has joint
faculty appointment in both departments

e integration with the New York City Teaching Fellows
program that recruits academically qualified gradu-
ates to teach as interns in high-needs schools

* ateacher preparation curriculum with graduate cours-
es based on physics education research

Overview

The City College of New York (CCNY) works with a large,
unified urban school system to help satisfy a need for qual-
ified teachers. Within the CUNY (City University of New
York) system, CCNY has a strong reputation as the school
to attend for future science teachers. The physics depart-
ment has about 30 faculty members, and graduates about
5bachelor’s and 5 master’s students per year. The school of
education has about 50 faculty serving three departments:
childhood education, secondary education, and leadership
and special education.

Approximately 60% of the participants in the teacher
preparation program are also part of the New York City
Teaching Fellows program; this program pays students for
two years to teach as interns in high-needs schools while
earning a teaching certification and master’s degree. CCNY
also has a master’s program in the school of education that
produces physics teachers. About half of all participants in
these programs are older, non-traditional students, often
attracted to teaching as a career change. In addition, un-
dergraduate physics majors can get a teaching certificate
by taking courses in the school of education. The Fellows
program and the master’s program together produce four
to five physics teachers per year, while the undergraduate
physics teacher preparation program produces only about
one physics teacher every two years.

Leadership, Collaboration, and Administrative Support

Richard Steinberg is the program leader; he has a joint fac-
ulty appointment in the secondary education and physics
departments. Multiple faculty and staff members from
both departments are involved in physics teacher prepa-

T-TEP
68

ration. Steinberg has long been an active member of the
physics education research community, and he spent a
sabbatical year teaching physics in an urban high school
in New York City. Steinberg also chairs a special task force
created by the dean of sciences and dedicated to improv-
ing undergraduate education.

Collaboration between physics and education is built into
the teacher preparation program. The dean of education
asserted his own appreciation of the importance of deep
content knowledge for teachers and said that he welcomes
collaboration with the science departments. The dean of
sciences said he plans to have two to three faculty members
in each science department conducting discipline-based
education research. (At the time of T-TEP’s visit, each de-
partment had one such individual.) The dean already con-
siders such research to constitute a legitimate part of the
research agenda of each science discipline and is counted
for promotion and tenure. These prospective future faculty
members would also be involved in science-teacher prepa-
ration.

Program Description

The teacher preparation program at CCNY focuses on
physics knowledge and knowledge of reformed teaching
based on physics education research. Steinberg ensures
that those certified in physics have adequate physics
preparation, and he emphasizes the use of research-based
instructional methods in introductory courses and in the
physics teaching methods courses.

Students in the physics teacher preparation program fol-
low one of three different paths:

¢ Undergraduate physics majors recruited through the
physics department can take four courses (14 credits)
in the school of education and complete a semester
of student teaching (6 credits). These students would
graduate with an undergraduate physics degree and
an initial physics teaching certificate.

* Graduate students with an undergraduate physics ma-
jor can complete a Master of Arts degree program for
35 credits. They do traditional student teaching, and
graduate with a master’s degree and a physics teach-
ing certificate.

Fellows, who receive significant financial support, take the
same credits as graduate students seeking physics certifica-
tion. The Teaching Fellows program recruits academically
qualified graduates who are prepared to enter as teachers
in high-need disciplines, in high-need schools in New York
City. In this two-year paid internship program, Fellows
teach during the day and take classes at night and in the
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summer. Instead of traditional student teaching, however,
Fellows do supervised teaching after the first summer, get-
ting paid for their work in the classroom; they are assigned
a mentor and supervisor from CCNY. The program also
covers most tuition charges.

All physics teacher candidates are required to complete
or have completed a bachelor’s degree in physics (or the
equivalent). Both through the course work and in the ex-
pectations of how graduates will teach, the program em-
phasizes a “student-centered inquiry-based approach to
learning physics,” as stated by the program leaders.

The physics teacher preparation program for master’s de-
gree students (including Fellows) includes two courses
(six credits) that are focused on student development of
knowledge in physics, analysis of the processes of science,
and study of physics education research. These are offered
as graduate courses in the department of secondary educa-
tion. The program also includes a required Master’s Project
course (3 credits) in which teachers conduct research proj-
ects on student learning in physics. Future teachers learn
state standards and testing requirements, and begin to un-

derstand the particular challenges of teaching in the New
York City school system.

Undergraduate teacher-preparation students do not nor-
mally take the graduate-level “Development of Knowl-
edge in Physics” courses taken by the Fellows and Masters
certification students, but Steinberg tries to incorporate
similar themes through special projects for these students,
such as participation in physics education research work
and/or co-authoring peer-reviewed papers and conference
presentations.

Program Contact

Dr. Richard N. Steinberg
Department of Physics

City College of New York

160 Convent Avenue

New York, NY 10031

Phone: (212) 650-5698

E-mail: steinberg@ccny.cuny.edu
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Appendix C.6: University of Colorado at Boulder
(Boulder, CO)

The physics teacher education program at the University
of Colorado at Boulder builds on the collaboration
between physics and education faculty as well as on
several ongoing education reform and research efforts.

Notable Features

® active collaboration between physics department and
school of education

e early teaching experiences led by school of education
and physics department

* institutional support up to the highest levels of uni-
versity administration for STEM education initiatives,
including physics teacher education

Overview

The University of Colorado at Boulder (CU-Boulder) has
a large and thriving physics department with about 65 fac-
ulty members, 300 undergraduate majors (including phys-
ics, engineering physics, and astronomy), and 200 graduate
students. Physics awards on average 45 bachelor’s degrees
per year, and has a track for undergraduate majors who
want to become high school teachers. The School of Edu-
cation has about 35 faculty members, who focus on teach-
er preparation and educational research. The university
currently graduates an average of three physics teachers
per year, a significant increase over previous years; the in-
crease is attributed largely to the introduction of the Learn-
ing Assistant (LA) program. STEM education, including
physics teacher preparation, has support from the highest
levels of university administration. Teacher education also
benefits from an active physics education research (PER)
group with faculty in both the physics department and the
School of Education. The group has championed educa-
tion reforms and acquired substantial funding to support
teacher education initiatives.

Leadership, Collaboration, and Administrative Support

Valerie Otero in the School of Education and Noah Fin-
kelstein and Steve Pollock in the physics department, all
of whom specialize in physics education research, form
the core leadership for physics teacher education initia-
tives and other joint efforts between physics and educa-
tion at CU-Boulder. Together, the physics department and
the School of Education have received over $12 million in
collaborative grants, all of which include a component in
teacher preparation. The PER faculty are also central to
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a university initiative to build a campus-wide Center for
STEM Education.

Physics department faculty value excellence in education
and see this as a way to stand out among other departments
at the university. In fact, the department has a tradition of
putting the best instructors in their introductory courses,
and has instituted a system of peer review of faculty teach-
ing that is weighed in tenure decisions. The PER group has
had a central role in the department for almost ten years;
highly respected faculty members, including Nobel Lau-
reate Carl Wieman, have engaged in education research,
and a physics faculty member was recently granted tenure
for his work in PER. The PER group has led successful ef-
forts to reform the undergraduate curriculum, including
both introductory and upper-level courses. Many of the re-
formed courses utilize Learning Assistants (LAs), who are
peer instructors with pedagogical training who facilitate
student learning in introductory courses. The LA program,
which has now spread to dozens of campuses around the
country, also serves as a powerful teacher recruitment tool.

University department heads, deans, and the Provost and
Chancellor all strongly support physics teacher educa-
tion. CU-Boulder has contributed several million dollars
to support STEM education programs, and has developed
innovative hiring practices and progressive standards for
tenure and promotion of faculty who engage in science
education research. Teacher education is tightly integrated
into undergraduate STEM education through the LA pro-
gram and other initiatives, which ensures greater visibility
for teacher education within STEM departments, greater
participation in content-specific teacher education among
STEM faculty, and institutional sustainability.

Program Description

STEM students, including physics majors, are recruited to
teaching through the Learning Assistant (LA) program, in
which high-performing undergraduate students serve as
peer instructors in transformed’ introductory courses. LAs
also take a concurrent pedagogy course that provides an
introduction to the scholarship of teaching and learning.
This early teaching experience, which takes place within
disciplinary departments, allows students to “test the wa-
ters,” and often sparks or confirms an interest in teaching.
The experience also provides content-specific opportuni-
ties for students to develop knowledge about teaching and

1. LAs were originally instituted at CU-Boulder in the physics department
in order to have enough facilitators to implement Tutorials in Introductory
Physics, a research-based curriculum that requires students to work in
small groups. Similarly, other research-based curricula with a strong em-
phasis on actively engaging students can benefit from the use of LAs, and
LAs benefit from learning to teach with effective pedagogical methods.
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learning. The LA program has helped raise the status of
teaching within physics and other STEM departments.

The director of the LA program, Valerie Otero, plays a
critical role in recruiting and advising future teachers. A
network of faculty in physics and other departments re-
fers students with an interest in teaching to Otero, and she
encourages them to consider getting a teaching certifica-
tion while completing their science major. She then tracks
students through the teacher education program and helps
them navigate the requirements. A retired physics teacher
co-teaches the LA pedagogy course and provides students
with first-hand knowledge of K-12 teaching based on per-
sonal experience. A former chemistry teacher was recently
hired to co-direct the expanding program.

The new CU Teach program is part of a national effort to
replicate the UTeach teacher education program at Univer-
sity of Texas at Austin. The CU Teach program enhances re-
cruiting efforts by offering introductory courses with high-
ly supported early teaching experiences in K-12 schools.

CU Teach is the undergraduate certification program for
secondary science and math teachers, and all education
courses required for certification are focused on science
and math. In addition to the undergraduate certification
program, students who already have a bachelor’s degree
can get initial certification through the post-baccalaureate
or masters programs.

Program Contact

Dr. Valerie Otero

School of Education, Room 317
University of Colorado at Boulder
249 UCB

Boulder, CO 80309-0249

Phone: (303) 492-7403

E-mail: valerie.otero@colorado.edu
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Appendix C.7: lllinois State University (Normal, IL)

The highly productive physics teacher education program
at Illinois State University is housed in a physics
department that has historically emphasized its teaching
mission.

Notable Features

e program champion hired by the physics department
specifically to run the physics teacher education pro-
gram

e institutional context that encourages physics depart-
ment engagement in physics teacher education

* sequence of courses focused on the teaching and learn-
ing of physics

Overview

Illinois State University (ISU) is a comprehensive regional
university and former normal school with a reputation of
being a good place in Illinois to become a teacher. The phys-
ics department places a larger emphasis on research than
teaching, but has continued to embrace its role in teach-
er education. With 12 full-time tenured and tenure-track
faculty members, the physics department annually gradu-
ates an average of 17 physics majors. ISU prepares a large
number of physics teachers through its undergraduate
program, recently growing from three such graduates in
2003 to nine in 2008. Preparation of physics teaching ma-
jors takes place primarily within the physics department,
while the College of Education provides five generic “ser-
vice” courses in secondary education. A large fraction of
the program graduates become teachers and stay in teach-
ing; based on a 2008 survey of 52 program graduates from
1995-2008, 87% were teaching at that time.

Leadership, Collaboration, and Administrative Support

The physics department has a firm commitment to physics
teacher preparation, and hired Carl Wenning in 1994 as an
instructional assistant professor to lead the physics teacher
education (PTE) program. Wenning reformed and built the
program into one of the largest in the U.S. His work was re-
spected among the faculty, and his voice counted as much
as any other during faculty meetings. When Wenning re-
cently announced that he planned to retire, the department
hired Kenneth Wester, a high-school physics teacher with
over 20 years of experience, as Director of Teacher Educa-
tion. Wester’s commitment to reformed teaching and teach-
er preparation is the same as Wenning’s, and thus the guid-
ing philosophy of the program has been maintained. The
department ensured a smooth transition between incom-
ing and outgoing program leaders by allowing Wenning to
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stay on part-time until he fully retires. Richard Martin, the
chair of the physics department, is committed to reformed
teaching and both attends and presents at meetings of the
American Association of Physics Teachers.

The current funding for 1.5 full-time positions for the staff
to run the program and the dedicated space allotted to the
program demonstrate overall administrative support, as
does an encouraging and supportive attitude. As the chair
of the department said: “If we need to cut positions, the
physics teacher preparation program staff will be the last
to go.”

Program Description

The College of Education provides general education
courses for the program, while all work related to student
teaching and certification (including state-required paper-
work) is the responsibility of the physics department. The
teacher preparation program incorporates a large number
of courses in which teacher candidates learn how to teach
physics, and it also includes physics-related early teaching
experiences prior to student teaching.

Students graduating from ISU’s physics teacher prepa-
ration program receive a physics degree and a second-
ary-science teaching certificate with a designation in phys-
ics. They are certified by the state to teach all sciences,
although their preparation is mostly in physics, and most
of them do teach physics.

Recruitment to the program starts in high school through
a wide network of contacts. Graduates of the program and
teachers who participated in the Modeling workshops (see
below) serve as recruiters, and the program director has
produced colorful brochures and an active website about
the program. The reputation of ISU as an institution that
specializes in teacher education also helps attract students.
Students at ISU, including a number of physics majors,
have been recruited to the PTE program by other students
who have good things to say about it.

The program director advises all physics majors who
choose the teaching track and helps students navigate
the list of requirements. PTE advisors maintain an “open
door” policy so that students may have their questions
answered on an informal basis at any time. The program
leader teaches the physics methods courses and organizes
teaching experiences, and has a great deal of contact with
PTE students. A key feature of the program is the regular
scheduling of Modeling workshops for in-service teachers,
run by the program leaders; all PTE graduates are encour-
aged to participate in these workshops. This brings pro-
gram graduates into the network of in-service teachers
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who practice Modeling, creating a community and helping
them implement the curriculum.

To help teacher candidates learn how to teach physics, the
physics department offers a coherent sequence of six phys-
ics teaching methods courses (totaling 12 semester hours).
Specifically, the teaching methods course work focuses on
inquiry teaching methods, science standards, lesson plan-
ning, technology, and history of physics. Teacher candi-
dates read seminal papers in physics education, and also
plan and teach a lesson in which their peers act as students.

The program provides multiple opportunities for teacher
candidates to have physics-related classroom experiences
in diverse contexts, including inner-city Chicago schools, a
juvenile detention center, and University High School (in
Normal, IL). These experiences follow the philosophy of
cognitive apprenticeship: teacher candidates have an op-
portunity to observe expert teachers and interact with stu-
dents, teach selected lessons, reflect on their practice, and
finally engage in student teaching. Former program leader

Carl Wenning used the term “sheltered environment” to
describe ISU’s pre-teaching classroom experiences. Pro-
gram leaders make an enormous effort to ensure that stu-
dents can practice what they have learned during student
teaching. The program leader helps place student teachers,
conducts classroom observations, and teaches a seminar
course for student teachers. Overall, the ISU program is
coherent and focused, and it provides teacher candidates
with multiple opportunities to learn how to teach physics
in a high school.

Program Contact

Kenneth E. Wester

Director of Physics Teacher Education
Department of Physics

Campus Box 4560

Illinois State University

Normal, IL 61790-4560

Phone: (309) 438 2957

E-mail: kwester@ilstu.edu
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Appendix C.8: University of Northern lowa (Cedar
Falls, 1A)

The Physics Department at the University of Northern
Iowa developed in-service physics teacher education
programs that prepare teachers to earn state physics
endorsements.

Notable Features
e institutional context that encourages physics depart-
ment engagement in teacher education

e efforts to develop physics-specific pedagogical exper-
tise of teachers

* programs designed for in-service teachers in small ru-
ral schools

Overview

The University of Northern Iowa (UNI) has emphasized
teacher education for over 130 years. Its total student en-
rollment of 13,000 includes about 2,700 students who are
majoring in some area of teacher education. Of the ten ten-
ure-track faculty in the physics department, two (Professor
Lawrence Escalada and Assistant Professor Jeffrey Mor-
gan) specialize in physics education. UNI has produced
physics teachers both through an undergraduate phys-
ics teaching degree track, and through externally funded
summer institutes that enable in-service high school sci-
ence teachers to obtain an endorsement to teach physics.
The department graduates about seven physics majors per
year, and on average less than one physics teaching major
per year. However, the summer in-service institutes are
the focus of this report.

Most school systems and high schools in Iowa are small; al-
though most high schools offer physics, few science teach-
ers teach only physics classes. The summer institutes have
been effective in helping “retool” science teachers to be-
come teachers of physics. Through the institutes, teachers
are able to complete physics course requirements needed
to receive a physics teaching endorsement from the state of
Iowa. Recently, through two separate two-year institutes,
37 teachers have achieved this endorsement. The institutes
fit into the teachers’ schedules and budget (financial cost is
minimal for participants due to external funding) and pro-
vide teachers with ongoing support during the school year
to implement what they learn in the classroom.

Leadership, Collaboration, and Administrative Support

The success of the in-service program is due in large part
to the intellectual and motivational leadership of Law-
rence Escalada. In addition to in-service teacher training,
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Escalada focuses on curriculum development, and Morgan
focuses on student learning in upper-level physics cours-
es. They also teach general physics, physics for future el-
ementary teachers, a general science methods course, and
a methods course for physical science. Both Escalada and
Morgan have high school teaching experience.

The physics education programs at UNI have succeed-
ed because of effective connections within and beyond
the physics department. The physics education faculty
members are very much a part of the physics department
(where their tenure and promotion are decided), and they
are also active in the science education faculty, an inter-col-
lege, inter-departmental unit.! The physics department has
strong connections with local districts, and the pre-service
and in-service physics teacher education programs are re-
sponsive to the needs of Iowa schools regarding state re-
quirements for physics teacher endorsement.

University administrators at all levels expressed strong
support for the physics education programs. Production
of quality teachers has long been central to the campus
mission and culture. At the same time, the dependence on
external funding introduces some degree of uncertainty re-
garding program sustainability.

Program Description

The UNI physics department has developed programs to
enable in-service high school science teachers to earn an
Iowa physics teaching endorsement. Previous programs
incorporated two summer sessions (in 2002-2003 and
2006-2007, four weeks each summer) while a more recent
program extended over three summers (in 2009-2012; two
weeks each summer). In addition, after-school and week-
end activities during the intervening and following aca-
demic years focused on physics content and pedagogical
content knowledge. The programs have been funded by
state grants with funds authorized through the federal
No Child Left Behind program. The curriculum is built
around PRISMS PLUS? and Modeling® NSF-funded curric-
ula, both of which use active engagement in experimental
investigations to introduce and apply fundamental phys-
ics principles.

Participants in past programs received up to 15 gradu-

1. The science education faculty is composed of subject-matter faculty in the
disciplinary departments plus members of the Curriculum and Instruction
Department in the College of Education, as well as members of the teach-
ing faculty at the Price Laboratory School on the UNI campus.

2. The PRISMS curriculum for high school physics was developed at UNI in
1982 and revised and enhanced into PRISMS PLUS in 2005.

3. For more on Modeling, see the description of the program at Arizona State
University.
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ate credits in physics for the summer and academic-year
courses. This meets the requirement for the Iowa physics
endorsement, and the course work may also be applied
toward a master’s degree in science education at UNL
However, not all participants needed to complete the full
program, since most had some previous physics prepara-
tion. Although the 2002-2003 program graduated 21 par-
ticipants who received their physics endorsement, only 12
had completed the full two-year program. The 2006-2007
program graduated 16 participants who received an en-
dorsement, while the 2009-2012 program is expected to
graduate 31.

The institutes are highly coherent both pedagogically and
with respect to the physics content. Since they focus spe-
cifically on the teaching of high school physics, they are
directly relevant to the needs of the participants. Teachers
are expected to implement what they learn, and institute
faculty follow up with the teachers throughout the school
year to determine what they learned and how well they are
implementing it in their classrooms. Institute workshops

and courses are taught by Escalada and Morgan in collab-
oration with experienced current and former high school
physics teachers; these teachers have a high level of credi-
bility among the participants.

Teachers remarked that their experiences with Modeling
and PRISMS during the summer institutes taught them
more physics than they had learned previously. They also
remarked that these programs helped them feel comfort-
able with the physics they had learned, such that they felt
they could do a good job of teaching these same concepts.

Program Contact

Dr. Lawrence Escalada

Professor of Physics and Science Education
Physics Department

University of Northern Iowa

317 Begeman Hall

Cedar Falls, Iowa 50614-0150

Phone (319) 273-2431

Email: lawrence.escalada@uni.edu
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Appendix C.9: Rutgers - The State University of New
Jersey (New Brunswick, NJ)

Rutgers University has attracted national attention
for a productive graduate program in physics teacher
preparation, built on the development of specialized
knowledge and skills for teaching physics.

Notable Features

e program champion with strong links to physics and
education departments

* sequence of courses that is focused on the teaching and
learning of physics

e rich intellectual community for graduates

Overview

Rutgers is a large, public, land-grant institution, drawing
most of its students from within the state of New Jersey.
The Department of Physics and Astronomy has over 60
faculty members and awards an average of 45 bachelor’s,
6 terminal master’s, and 13 Ph.D. degrees per year. The
Graduate School of Education (GSE) focuses on teach-
er education, and well over half of the nearly 60 faculty
members are involved in teacher education programs. The
GSE offers five-year and post-baccalaureate programs that
lead to both an EAM and certification. The GSE graduates
about 100 secondary teachers per year. Secondary science
education is split into two specialized programs including
physics education, physical science education, and biolog-
ical science education, which average 6 and 10 program
completers, respectively, per year. Retention of graduates
who become physics teachers is very high, and 49 of 54
graduates (90%) who entered the classroom since the pro-
gram was reformed in 2001 are still teaching. Students in
the physics teacher education program spoke enthusiasti-
cally about the intellectual rigor of the program, and felt
that the physics-focused coursework was highly relevant
and enjoyable.

Leadership, Collaboration, and Administrative Support

Eugenia Etkina, a GSE professor, is founder, director, and
champion of the physics/physical science teacher education
program. Etkina has an undergraduate degree in physics
and a Ph.D. in physics education, and has 13 years of ex-
perience teaching middle school and high school physics.
She is a nationally recognized researcher and NSF-funded
curriculum developer.

Etkina collaborates with several members of the physics
department, and works closely with the Director of Under-
graduate Studies (DUS) to recruit and advise future phys-
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ics teachers. The DUS also arranges for future teachers to
be recitation or laboratory instructors in the algebra-based
introductory physics course, a course that is taught by one
of Etkina’s former students. The research-based curricu-
lum Investigative Science Learning Environment (ISLE) used
in the course was co-developed by Etkina and a now re-
tired PER faculty member in physics, Alan Van Heuvelen.

The GSE Dean expressed strong support for the disci-
pline-specific education programs in physics/physical sci-
ence and biological science. The physics/physical science
program has five specialized courses in physics teaching
methods with typical enrollments of 10 to 17 students.
These students include pre-service teachers, in-service
teachers seeking a graduate degree, and doctoral students
in education.

Program Description

The Rutgers program is focused on the systematic develop-
ment of pedagogical content knowledge (PCK), meaning
knowledge of how to teach physics. Of the total 45 semester
credit hours (9 of which are earned for the student teaching
internship), 15 credits are devoted to PCK courses. These
courses cover knowledge of students’” prior understanding
about and difficulties with key physics concepts and prac-
tices, knowledge of topic-specific instructional strategies
in physics, and knowledge of what and how to assess with
regard to students” understanding of physics concepts and
practices. Through the five courses on physics pedagogy,
future teachers develop these aspects of PCK for almost all
physics concepts they will teach. They also deepen their
understanding of physics, including physics content and
the cognitive processes through which physics knowledge
is developed.

Teaching experiences are closely integrated with course-
work and occur every semester. During the first year,
teacher candidates serve as recitation and/or laboratory
instructors in a reformed introductory college physics
course and spend 60 hours observing high school physics
classrooms led by program graduates. A full semester of
student teaching occurs in the fall of the second year, and
student teachers are again placed with program graduates.
They finish the final semester as recitation/laboratory in-
structors in the same course in which they taught during
the first year. The same (ISLE) approach to learning phys-
ics is followed in all teaching experiences.

Graduates return to Rutgers for biweekly meetings where
they receive coaching from the program director and as-
sistance from their peers. The community extends to an ac-
tive online discussion board. This active professional com-
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munity is an important source of support for new teachers,
and contributes to the high retention rate of program grad-
uates.

Program Contact

Dr. Eugenia Etkina

Graduate School of Education

Rutgers University

10 Seminary Place

New Brunswick, NJ 08901

Phone: (732) 932-7496, ext. 8339

Email: eugenia.etkina@gse.rutgers.edu
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Appendix C.10: Seattle Pacific University (Seattle,
WA)

Seattle Pacific University is a small, private institution
that has a significant commitment to support physics
teaching in Washington.

Notable Features

e smaller, active physics department specializing in
physics education

¢ thriving Learning Assistant program to provide early
teaching experiences in physics

* expert teachers engaged in recruiting, preparing and
mentoring new teachers of physics

Overview

Seattle Pacific University (SPU) is a small, private, Chris-
tian university. The high priority on undergraduate edu-
cation at SPU creates a supportive context for a thriving
physics teacher education program. The physics depart-
ment awards approximately five to six bachelor’s degrees
per year (there is no graduate program in physics). SPU
awards an average of three to four physics endorsements
per year through its various teacher certification programs.

The physics teacher education program grew out of the
vision of John Lindberg, hired as physics chair over a de-
cade ago during a major university initiative to improve
its strength in the sciences. Lindberg made a strategic deci-
sion to concentrate on physics education, and hired several
faculty in this area as positions became available. Current-
ly, the physics department is engaged in elementary and
secondary teacher education as well as a related program
of research in physics education. There is a high priority
on excellence in teaching, and courses are taught using re-
search-based methods.

In 2006, SPU became a PhysTEC institution and received
funds to improve its physics teacher preparation program.
Since then it has received over six million dollars in grant
funding to support teacher preparation and professional
development programs.

Leadership, Collaboration, and Administrative Support

Several faculty members and expert teachers in the physics
department work as a team to lead teacher education pro-
grams. Stamatis Vokos is a well-known physics education
researcher and the intellectual leader of the physics edu-
cation group at SPU. Lane Seeley leads the PhysTEC proj-
ect and is involved with professional development efforts.

T-TEP
78

Hunter Close' has been responsible for the Learning Assis-
tant (LA) program,? which is the primary physics teacher
recruitment effort. The Visiting Master Teacher (VMT), an
expert physics teacher who works part-time with the sec-
ondary physics education program, provides physics-spe-
cific mentoring for student teachers and new teachers.
Eleanor Close® has led the elementary teacher education
effort, and had a joint appointment in both physics and
education. She served as a key interface with the School of
Education. Lezlie DeWater is a master teacher who teaches
courses in physics content and physics pedagogy for pro-
spective elementary teachers.

The university administration is very supportive of the
work of the physics department. The dean of the school of
education, the associate dean of teacher education, and the
dean of the college of arts and sciences are all very knowl-
edgeable of and connected to the physics teacher education
program and are in regular communication with various
physics faculty. In addition, the chair of the physics depart-
ment is highly supportive of the physics education activi-
ties, and funding for the LA program comes from the phys-
ics department.

The physics department has developed a close working re-
lationship with the school of education. In addition to the
collaboration among the program leadership, a new ten-
ure-track appointment in physics education was created
in the physics department through a transfer of a full-time
equivalent from the School of Education (this is the joint
appointment formerly held by Eleanor Close). This was
done in recognition of the physics department’s high qual-
ity work in teacher education.

SPU has developed close ties with local school districts,
and offers professional development on a regular basis for
physics and physical science teachers. In partnership with
Facet Innovations, an education research company, SPU
has developed a formative assessment tool* widely used in
the school districts. Through use of common assessments, a
district-wide shared responsibility for the curriculum, and
an emphasis on student learning, these schools have seen
an increase in student performance in the physical sciences.

1. Hunter Close left SPU in 2011 to go to Texas State University at San Mar-
cos.

2. For a description of Learning Assistants, see Appendix C.9: University of
Colorado at Boulder.

3. Eleanor Close left SPU in 2011 to go to Texas State University at San
Marcos.

4. For more information on this tool, see www.diagnoser.com
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Program Description

SPU has several paths to certification and physics endorse-
ment, offering a high degree of flexibility to meet the needs
of students, including:

* an undergraduate program in which students can
complete a physics degree and receive a secondary
teaching certification and physics endorsement at the
same time (4 years)

® apost-baccalaureate program in which students with a
physics degree (or equivalent) receive secondary teach-
er certification and physics endorsement (15 months
full-time®)

® a Master of Arts in Teaching (MAT) program in which
students receive a masters degree, teacher certification,
and physics endorsement through mostly evening and
on-line courses, allowing students to work full-time
while completing the program (2 years part-time)

* anew Master’s in Teaching Mathematics and Science
(MTMS), based on the Alternative Route to Certifica-
tion® program, which focuses specifically on the needs
of math and science teachers (12 months for certifica-
tion, 15 months total including the MTMS degree).

5. The post-baccalaureate program is 4 quarters during the academic year; it
spans a 15-month time period with a summer off in the middle.

6. Inthe Alternative Route to Certification and MTMS programs, students are
in K-12 classrooms every day during the school year and take courses
during the evening, summer, and on-line, leading to teacher certification
and an endorsement in physics (12 months full-time).

SPU’s certification program consists of courses in topics
such as educational psychology, diversity, general science
methods, classroom management, and assessment. Certifi-
cation also requires student teaching in schools. SPU pro-
vides support to graduates who are new science teachers
in their first year of teaching, including content-specific
mentoring, and guidance to help new teachers focus on
student learning outcomes.

The Learning Assistant (LA) program at SPU is a key effort
in recruiting undergraduates to become physics teachers.
LAs work in transformed introductory physics courses
to facilitate peer learning among physics students. Peda-
gogical courses specific to physics are offered for LAs and
taught by the VMT, a former high school teacher who is
openly supportive of teaching as a career track. The VMT
also talks with students interested in teaching and inter-
acts with LAs, so that students get to hear about teaching
from a current physics teacher. In addition, there is a week-
ly department tea in which faculty and students can dis-
cuss career aspirations and other teaching-related issues.

Program Contact

Dr. Lane Seeley

Physics Department
Seattle Pacific University
3307 Third Avenue West
Seattle, WA 98119-1997
Phone: (206) 281-2011
E-mail: seelel@spu.edu
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Appendix C.11: University of Washington (Main
Campus, Seattle, WA)

The University of Washington has played a long-standing
and significant role in physics education research, and
in the development of curriculum materials and teacher
education programs.

Notable Features

* program develops physics-specific pedagogical exper-
tise of pre-service and in-service teachers

* sequence of courses focused on the teaching and learn-
ing of physics

* long-standing research and development program to
create physics curriculum materials

Overview

The University of Washington (UW) is a large, research-in-
tensive state university. The physics department has
more than 40 tenured and tenure-track faculty and over
130 graduate students; it awards more than 50 bachelor’s
degrees each year. In 1979 it became the first U.S. phys-
ics department to award a Ph.D. in physics for research
in physics education. The Physics Education Group (PEG)
has been an integral part of the physics department since
the early 1970s and is one of the largest physics educa-
tion groups in the U.S. Since 1979, 23 graduate students in
the Physics Education Group (PEG) have earned physics
Ph.D.’s; in addition, more than 100 other graduate and un-
dergraduate students have done research projects with the
PEG. Faculty, graduate students, and K-12 teachers from
all over the world have visited the group and participated
in its programs.

Pre-service and in-service teacher preparation has been a
major focus of the Physics Education Group for more than
40 years. The program has both academic-year and sum-
mer components which are devoted to physics, housed
in the physics department, and taught by physics facul-
ty. The teacher education courses are closely linked to the
group’s research in physics education. Instruction is based
on Physics by Inquiry (Wiley, NY, 1996), which is a re-
search-validated curriculum developed by the PEG for the
preparation of elementary and secondary teachers.

Leadership, Collaboration, and Administrative Support

The key leaders in the physics teacher education ef-
fort have been Lillian C. McDermott, Paula Heron, Peter
Shaffer, MacKenzie Stetzer, and Donna Messina. McDer-
mott, Heron, and Shaffer are physics professors at UW,
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and Stetzer was a research assistant professor.!” Messina,
a former middle- and high-school teacher with a Ph.D. in
Education, has served as a master teacher in the summer
programs and in the academic-year courses. All the physi-
cists play a prominent role in the national and global PER
communities. The Physics Education Group received the
2008 American Physical Society “Excellence in Physics Ed-
ucation Award” for its long-standing leadership in physics
education research and development.

The group’s annual programs, “Summer Institutes in Phys-
ics and Physical Science for Inservice K-12 Teachers,” have
been funded by NSF, which has also supported research
and curriculum development by the PEG. The UW phys-
ics department has allocated three faculty positions to the
group, as well as substantial space, several graduate teach-
ing assistantships, and some administrative help. Blayne
Heckel, the Department Chair, reported that the Universi-
ty of Washington views the Physics Education Group as a
“pillar of excellence.”

Program Description

Since the early 1970’s, physics education research has had
a major impact on teacher preparation at the University
of Washington. Physics by Inquiry (Pbl), a self-contained,
laboratory based curriculum developed by the PEG, is
used in both pre-service and in-service teacher education.
Teachers working together in small groups conduct exper-
iments on a wide variety of physical systems, and analyze
and discuss the outcomes. Guided by questions posed
by the instructional staff, they develop physical models
to predict and explain the behavior of the systems under
investigation. Pbl is designed to strengthen the teachers’
subject-matter background by developing both reasoning
skills and conceptual understanding.

The Physics Department offers a three-quarter sequence of
courses during the academic year for pre-service teachers,
with a typical enrollment of ten to fifteen students. Some
plan to become high-school teachers of physics and oth-
er sciences, while others are undergraduates or graduate
students in the Master’s in Teaching (MIT) program. All
three academic quarters are required for MIT students
seeking a physics endorsement. About three students per
year receive a physics endorsement through UW. There
have also been special courses for elementary and middle
school teachers; these are not currently offered, but the
PEG hopes to revive them.

Most physics teacher education by the PEG takes place

1. Stetzer was at UW until 2011, when he became an assistant professor in
the physics department at the University of Maine.
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during the annual five- or six-week NSF Summer Insti-
tutes for Inservice K-12 Teachers. Typically, about 20 par-
ticipants are high school teachers and about 10 are mid-
dle school teachers, with fewer at the elementary grades;
about two-thirds of the teachers are from the state of Wash-
ington. Usually, about half are first-timers; the others are
returning for a second or third year. (Since the program
content is rotated each year on a three-year cycle, partici-
pants are allowed to attend for up to three years.) The In-
stitutes are closely tied to the doctoral program in physics
education research. Ph.D. students in PER are on the in-
structional staff for the Summer Institutes, in which they
develop and test new curricular materials.

Associated with the Summer Institutes is a Continuation
Course that meets weekly all three quarters of the academ-
ic year. All local teachers who have participated in one or
more Summer Institutes are encouraged to attend. Typical-
ly, 10 to 25 teachers enroll each quarter, about half of whom
are high school teachers. They continue to learn new phys-
ics topics through inquiry, apply what they have learned
as they plan lessons for their classes, and participate in dis-
cussions with one another and with the instructional staff.
The program helps teachers deepen their understanding

of physics and of inquiry-based pedagogy. Physics content
is the main focus, but inquiry-based pedagogy and the na-
ture of science are implicitly addressed and are discussed
more explicitly in the Continuation Course. This course is
especially helpful to teachers in other STEM disciplines
seeking a teaching endorsement in physics. Some teach-
ers participate in the Summer Institutes and Continuation
Courses to strengthen their physics background before
they take the required state certification exam. (This exam
constitutes the sole requirement in Washington State for
experienced out-of-field science teachers who seek a phys-
ics endorsement.) Perhaps the most important benefit of
the Continuation Course is the creation of a vibrant profes-
sional learning community.

Program Contact

Dr. Lillian C. McDermott

University of Washington
Department of Physics

Box 351560

Seattle, WA 98195-1560

Phone: (206) 543-8692

E-mail: Iemcd@phys.washington.edu

T-TEP
81



Transforming the Preparation of Physics Teachers: A Call to Action

T-TEP
82



Resources for the Education of Physics Teachers

David E. Meltzer, lead author

Table of Contents

1. Selected References on Learning 83
2. Selected References on Learning in Science 83
3. Selected References and Reports on the State of U.S. Science Education 85
4. Selected References and Reports on the Education of Teachers 89
5. Selected References and Reports on the Education of Science Teachers 920

6. Selected References and Reports Related to the Physics and Physics Education Workforce

in the United States 96
7. References and Reports on the Education and Practices of Physics Teachers 97
8. References for Using History of Physics in Physics Education 104
9. General References on Teaching Specific Content (“Pedagogical Content Knowledge”) 105
9.a. All Fields 105
9.b. Science in General 105
10. References on Teaching Physics (“Pedagogical Content Knowledge” in Physics) 106
10.a. Books, book chapters, and reference works on teaching physics 106
10.b. Collections of articles on teaching physics 113
10.c. Conference proceedings on physics education 113

10.d. Instructor’s manuals, teacher’s guides, and reference works with links
to specific curricular materials 116
10.e. Bibliographies, literature guides, and surveys of high school physics textbooks 118
10.f References on teaching individual topics 118
10.g. Miscellaneous resources for physics teaching 119
11. Research-Based Curricular and Assessment Materials for Physics Teacher Education 120
12. Journals and Periodicals 121
13. Online Resources 121

T-TEP

83



Transforming the Preparation of Physics Teachers: A Call to Action

1. Selected References on Learning

1)

John Dewey, How We Think (D.C. Heath, Boston, 1910).

John Dewey, Democracy and Education: An Introduction to the Philosophy of Education (Macmillan, New York, 1916).
Jerome Bruner, The Process of Education (Harvard University Press, Cambridge, MA, 1960).

Jean Piaget, “Development in learning,” Journal of Research in Science Teaching 2, 176-186 (1964).

J. D. Bransford, A. L. Brown, and R. R. Cocking, editors, How People Learn: Brain, Mind, Experience, and School, Expanded Edition
(National Academy Press, Washington, D.C., 2000).

J. Zull, The Art of Changing the Brain: Enriching the Practice of Teaching by Exploring the Biology of Learning (Stylus Publishing,
Sterling, VA 2002).

2. Selected References on Learning in Science

1)

11)

12)
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Herbert Spencer, “Intellectual education,” in Education: Intellectual, Moral, and Physical, Herbert Spencer (Appleton, New York,
1860), pp. 88-161.

Thomas H. Huxley, “Scientific education: Notes of an after-dinner speech” [1869], in Science and Education: Essays, Thomas H.
Huxley (Macmillan & Co., London, 1893), pp. 111-133.

Henry E. Armstrong, The Teaching of the Scientific Method and Other Papers on Education (Macmillan and Co., London, 1903).
Robert Karplus, “Science teaching and the development of reasoning,” Journal of Research in Science Teaching 14, 169-175 (1977).
George E. Deboer, A History of Ideas in Science Education: Implications for Practice (Teachers College Press, New York, 1991).

American Association for the Advancement of Science, Benchmarks for Science Literacy (Oxford University Press, New York, 1993),
Chaps. 4 and 15.

J. H. Wandersee, ). ). Mintzes, and ). D. Novak, “Research on alternative conceptions in science,” in Handbook of Research on Science
Teaching and Learning, edited by Dorothy L. Gabel (Macmillan, New York, 1994), pp. 177-210.

National Research Council, National Science Education Standards (National Academy Press, Washington, D.C. 1996).

Center for Science, Mathematics, and Engineering Education, National Research Council, Inquiry and the National Science
Education Standards: A Guide for Teaching and Learning (National Academy Press, Washington, D.C., 2000).

Michael Piburn and Daiyo Sawada, Reformed Teaching Observation Protocol (RTOP): Reference Manual [ACEPT Technical

Report No. IN-003] (Arizona Collaborative for Excellence in the Preparation of Teachers, [2000]). [Note: This Report includes as
appendices Technical Report No. IN-001: D. Sawada, M. Piburn, K. Falconer, J. Turley, R. Benford, and I. Bloom, Reformed Teaching
Observation Protocol (RTOP), pp. 27-31, and Technical Report No. IN-002: D. Sawada, M. Piburn, J. Turley, K. Falconer, R. Benford, I.
Bloom, and E. Judson, Reformed Teaching Observation Protocol (RTOP) Training Guide, pp. 32-41].

American Association for the Advancement of Science, Atlas of Science Literacy, Volumes 1 and 2 (AAAS Press, Washington, D.C.,
2001; 2007).

Peter Chin, Hugh Munby, Nancy Hutchinson, Jenny Taylor, and Fiona Clark, “Where’s the science? Understanding the form and
function of workplace science,” in Reconsidering Science Learning, edited by Eileen Scanlon, Patricia Murphy, Jeff Thomas, and
Elizabeth Whitelegg (RoutledgeFalmer, London, 2004), p. 118.
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13)

14)

15)

16)

17)

M. S. Donovan and J. D. Bransford, editors, How Students Learn: Science in the Classroom (National Academies Press, Washington,
D.C., 2005).

Sandra K. Abell and Norman G. Lederman, editors, Handbook of Research on Science Education (Lawrence Erlbaum, Mahwah, NJ,
2007).

Frederick Reif, Applying Cognitive Science to Education (MIT Press, Cambridge, MA, 2008).

National Research Council, A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas [Committee on
a Conceptual Framework for New K-12 Science Education Standards, Board on Science Education, Division of Behavioral and Social
Sciences and Education] (National Academies Press, Washington, D.C,, 2012).

Susan R. Singer, Natalie R. Nielsen, and Heidi A. Schweingruber, editors [Committee on the Status, Contributions, and Future
Directions of Discipline-Based Education Research; Board on Science Education, Division of Behavioral and Social Sciences and
Education] Discipline-Based Education Research: Understanding and Improving Learning in Undergraduate Science and Engineering
(National Academies Press, Washington, D.C,, 2012).

3. Selected References and Reports on the State of U.S. Science Education

1)

2)

3)

4)

5)

6)

7)

8)

9)

E. L. Youmans, A. R. Grote, ). W. Powell, N. S. Shaler, and J. S. Newberry [AAAS Committee on Science Teaching in the Public
Schools], “Report of Committee on Science Teaching in the Public Schools,” Proceedings of the American Association for the
Advancement of Science [29th meeting, held at Boston, Mass., August 1880] 29, 55-63 (1881); also published as “On science-
teaching in the public schools,” The Popular Science Monthly 23(2), 207-214 (June 1883).

National Education Association, Reorganization of Science in Secondary Schools [A Report of the Commission on Reorganization of
Secondary Education, Appointed by the National Education Association] (Department of the Interior, Washington, D.C., 1920).
John L. Tildsley, “Teaching science as a ‘way of life”
of Chemical Education 8(4), 670-678 (1931).

[report of a survey of science teachers and students in New York City], Journal

Guy Montrose Whipple, editor, The Thirty-First Yearbook of the National Society for the Study of Education, Part I: A Program for
Teaching Science [prepared by the Society’s Committee on the Teaching of Science (Gerald S. Craig, Elliott R. Downing, Charles ).
Pieper, Ralph K. Watkins, Francis D. Curtis, and S. Ralph Powers)] (Public School Publishing Company, Bloomington, IL, 1932).

Wilbur L. Beauchamp, Instruction in Science [Bulletin, 1932, No. 17, National Survey of Secondary Education, Monograph No. 22]
(Office of Education, U.S. Government Printing Office, Washington, D.C,, 1933).
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Michael Neuschatz, Mark McFarling, and Susan White, Reaching the Critical Mass: The Twenty Year Surge in High School Physics;
Findings from the 2005 Nationwide Survey of High School Physics Teachers (American Institute of Physics, College Park, MD, 2008).
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5) National Research Council, Committee on Undergraduate Science Education, Science Teaching Reconsidered: A Handbook
(National Academies Press, Washington, D.C,, 1997).

6) Julie Gess-Newsome and Norman G. Lederman, Examining Pedagogical Content Knowledge: The Construct and its Implications for
Science Education (Kluwer Academic Publishers, Dordrecht, 1999).
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Douglas Llewellyn, Teaching High School Science Through Inquiry (Corwin Press, Thousand Oaks, CA, 2005).

Norbert ). Pienta, Melanie M. Cooper, and Thomas ). Greenbowe, editors, Chemists’ Guide to Effective Teaching (Pearson Education,
Upper Saddle River, NJ, 2005).

John Loughran, Amanda Berry, and Pamela Mulhall, Understanding and Developing Science Teachers’ Pedagogical Content
Knowledge (Sense Publishers, Rotterdam, 2006).

Richard A. Duschl, Heidi A. Schweingruber, and Andrew W. Shouse, editors [Committee on Science Learning, Kindergarten
through 8th grade], Taking Science to School: Learning and Teaching Science in Grades K-8 (National Academies Press, Washington,
D.C,, 2007).

Ellen Kottler and Victoria Brookhart Costa, Secrets to Success for Science Teachers (Corwin, Thousand Oaks, CA, 2009).

Norbert ). Pienta, Melanie M. Cooper, and Thomas ). Greenbowe, editors, Chemists’ Guide to Effective Teaching Volume Il (Prentice-
Hall, Upper Saddle River, NJ, 2009).
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John Tyndall, “On the importance of the study of physics” [A lecture delivered at the Royal Institution of Great Britain], in The
Culture Demanded by Modern Life: A Series of Addresses and Arguments on The Claims of Scientific Education [by Profs. Tyndall,
Henfrey, Huxley, et al., with an introduction on “Mental discipline in education” by E. L. Youmans] (The Werner Company, Akron,
OH, 1867), pp. 57-85.
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pages] (Harvard University, Cambridge, MA, 1912).

Charles K. Wead, LeRoy C. Cooley, W. LeC. Stevens, W. F. Bradbury, and James H. Baker, “Report of the Committee on Physics-
Teaching,” in Journal of Proceedings and Addresses of the National Educational Association, Session of the Year 1887, Held at Chicago,
lllinois (National Educational Association, Salem, MA, 1888), pp. 41-44.

T. C. Mendenhall, Wm. A. Anthony, H. S. Carhart, and F. H. Smith, “Report of the Committee on Physics-Teaching,” in Proceedings of
the American Association for the Advancement of Science, Thirty-seventh Meeting Held at Cleveland, August 1888, edited by Frederick
W. Putnam (Salem Press, Salem, MA, 1889), pp. 28-34.

Albert L. Arey, “Methods of teaching physics,” The Academy: A Journal of Secondary Education 6(1), 36-41 (1891).

Edwin H. Hall and Joseph Y. Bergen, A Textbook of Physics, Largely Experimental, On the Basis of the Harvard College “Descriptive List
of Elementary Physical Experiments” (Henry Holt, New York, 1891), pp. iii-xiv, “Introduction. To the Teacher.”

National Educational Association, Report of the Committee on Secondary School Studies [“Report of the Committee of Ten”]
(appointed at the meeting of the National Educational Association, July 9, 1892, with the reports of the conferences arranged by
this Committee and held December 28-30, 1892) (Government Printing Office, Washington, D.C., 1893), pp. 25-27 and pp. 117-
137, “Physics, Chemistry, and Astronomy.”

National Educational Association, Report of Committee on College-Entrance Requirements, July 1899 [Appointed by Departments
of Secondary Education and Higher Education at Denver Meeting, July, 1895] (National Educational Association, 1899), pp. 25-26,
“Physics” and pp. 180-183, “[Report on] Physics.”

John W. Woodhull, The Teaching of Physics in Secondary Schools [private printing, 1899].

Committee on Methods of Instruction in Physics of the Eastern Association of Physics Teachers [Albert C. Hale, Chairman;
Clarence Boylston, W. D. Jackson, William Orr, and M. S. Power], Methods of Instruction in Physics in Secondary Schools. A
Committee Report to the Eastern Association of Physics Teachers (Eastern Association of Physics Teachers, 1900).

Edwin H. Hall, “The teaching of physics in the secondary school,” in The Teaching of Chemistry and Physics in the Secondary School,
by Alexander Smith and Edwin H. Hall (Longmans, Green, New York, 1902), pp. 229-371.

Horacio N. Chute, High School Physics [Lecture Notes on a Series of Lectures on High School Physics Given at the Physics
Conference of the Summer School], Bulletin of the University of Washington, Series I, Number 24, October 1905 (C. W. Gorham,
Public Printer, Olympia, WA, 1905).

Symposium on the Purpose and Organization of Teaching Physics in Secondary Schools [Contributions by Nicholas Murray Butler,
E. A. Strong, John F. Woodhull, Henry Crew, H. L. Terry, H. N. Chute, G. Stanley Hall, Albert A. Michelson, J. Mark Baldwin, George
R. Twiss, R. A. Millikan, Lewis B. Avery, and John Dewey], School Science and Mathematics 8(9) [December], 717-728 (1908); 9(1)
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College Entrance Examination Board [by the Committee of Secondary School Teachers: N. Henry Black, Chairman, W. M. Butler,
Winthrop E. Fiske, Daniel E. Owen, Willis E. Tower, and Frank B. Spaulding], “Definition of requirements in elementary physics,”
School Science and Mathematics 9, 572-579 (1909).

Eastern Association of Physics Teachers (John W. Hutchins, Chairman of Committee), Instruction in Physics in Small High Schools: A
Report of a Committee of the Eastern Association of Physics Teachers (Eastern Association of Physics Teachers, Malden, MA, 1910).

C. Riborg Mann, The Teaching of Physics for Purposes of General Education (Macmillan, New York, 1912).

J. A. Randall, “Report of the Committee on the Improvement of Physics Teaching,” Journal of Proceedings and Addresses of the
National Education Association of the United States [Fifty-first Annual Meeting, Salt Lake City, Utah, July 5-11, 1913] (NEA, Ann
Arbor, Michigan, 1913), pp. 712-716.

George Ransom Twiss, A Textbook in the Principles of Science Teaching (Macmillan, New York, 1917), pp. 289-352, Chap. XVII,
“Physics. Fundamental principles”; Chap. XVIII, “Methods in physics”; and Chap. XIX, “Equipment for physics teaching.”

John F. Woodhull, The Teaching of Science (Macmillan, New York, 1918), especially pp. 13-23, Chap. II, “The enrichment of the
high-school course in physics”; pp. 24-39, Chap. lIl, “Modern trend of physics and chemistry teaching”; pp. 82-151, Chap. VII, “The
teaching of physical science”; pp. 152-158, Chap. VIII, “What specialization has done for physics teaching”; and pp. 159-172, Chap.
IX, “The significance of the requirements in physics of the College Entrance Examination Board.”

Harvey B. Lemon, “The teaching of physics,” in College Teaching: Studies in Methods of Teaching in the College, edited by Paul
Klapper (World Book Company, Yonkers-on-Hudson, NY, 1920), pp. 126-141, Chap. VI.

National Education Association, Reorganization of Science in Secondary Schools [A Report of the Commission on Reorganization
of Secondary Education, Appointed by the National Education Association; G. R. Twiss, Chairman of the Physics Committee]
(Department of the Interior, Washington, D.C,, 1920), pp. 49-60, “IV. Physics”

Central Association of Science and Mathematics Teachers, Physics Section, Committees on Reorganization, “Annual meeting
[1920],” [Reports of Subcommittees on Tests, Methods, and Content], School Science and Mathematics 21, 270-279 (1921).

Educational Committee of the American Physical Society [A. Wilmer Duff, Chairman], The Teaching of Physics, with Especial
Reference to the Teaching of Physics to Students of Engineering [Presented to the Council Feb. 24, 1922. Ordered printed April 21,
1922] (American Physical Society, 1922).

Educational Committee of the American Physical Society [W. ). A. Bliss, H. B. Williams, and P. E. Klopsteg, report subcommittee],
Physics in Relation to Medicine [Educational Committee Report No. 2] (American Physical Society, 1923), Section Il “Study

of physics in preparation for medicine”; Section IV, “Course in general physics”; and Section V, “Elective course in physics for
premedical students.”

Rogers D. Rusk, How to Teach Physics (Lippincott, Philadelphia, 1923).

Educational Committee of the American Physical Society [Alpheus W. Smith, W. F. Steve, and O. M. Stewart, report
subcommittee], The Teaching of Physics, with Especial Reference to the Teaching of Physics to Students in Agriculture [Educational
Committee Report No. 4, Supplement to Vol. 1, No. 11 of the Bulletin of the American Physical Society, Nov. 11, 1926] (American
Physical Society, Menasha, WI, 1926).

John H. Dyer, An Analysis of Certain Outcomes in the Teaching of Physics in Public High Schools with an Investigation of the Efficiency
of a Laboratory Method in Establishing Such Outcomes [Ph.D. Thesis, University of Pennsylvania] (Westbrook Publishing Company,
Philadephia, PA, 1927).

Oswald Frederic Black, The Development of Certain Concepts of Physics in High School Students: An Experimental Study (“Die Weste,”
Potchefstroom, South Africa, [1930]).
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33)

34)

35)

36)

37)

38)

39)

40)

41)

)

43)

44)

45)

46)

47)

Ralph K. Watkins (for the Committee), “Chapter XV: Instruction in physical science in the secondary schools,” in The Thirty-

First Yearbook of the National Society for the Study of Education, Part I: A Program for Teaching Science, edited by Guy Montrose
Whipple, prepared by the Society’s Committee on the Teaching of Science [Gerald S. Craig, Elliot R. Downing, Charles J. Pieper,
Ralph K. Watkins, Francis D. Curtis, and S. Ralph Powers] (Public School Publishing Company, Bloomington, IL, 1932), pp. 243-
280 (including “Objectives [of instruction] in physics,” “Position of the Yearbook Committee concerning objectives for physics in
the senior high school,” “The content of high-school physics courses,” and “Suggestions of the Yearbook Committee concerning

content for physics in the senior high school”).

Archer Willis Hurd, An Experiment in the Use of a Teaching Unit in Science (Institute of School Experimentation, Teachers College,
Columbia University, New York City, 1933).

Archer Willis Hurd, Codperative Experimentation in Materials and Methods in Secondary School Physics (Bureau of Publications,
Teachers College, Columbia University, New York, 1933).

Jessie Williams Clemensen, Study Outlines in Physics: Construction and Experimental Evaluation [Issue 553 of Contributions to
Education, Teachers College, Columbia University] (Bureau of Publications, Teachers College, Columbia University, New York,
1933).

Dwight H. Thomas, A Study of the Trends in the Teaching of Secondary Physics [Issue 296 of Contributions of the Graduate School,
Indiana State Teachers College] (Indiana State Teachers College, 1936).

Victor H. Noll, The Teaching of Science in Elementary and Secondary Schools (Longmans, New York, 1939), pp. 136-144, “The
selection of content for senior high school science...physics,” and pp. 184-190, “The chief uses of tests in science...physics.”

William Arlow Kilgore, Identification of Ability to Apply Principles of Physics [Issue 840 of Contributions to Education, Teachers
College, Columbia University] (Teachers College, Columbia University, New York, 1941).

Kenneth E. Vordenberg, “High school physics for general education: Report of the Committee on Physics Teaching, Central
Association of Science and Mathematics Teachers,” School Science and Mathematics 41, 548-552 (1941).

Victor H. Noll, William A. Brownell, Otis W. Caldwell, Gerald S. Craig, Francis D. Curtis, and Ellsworth S. Obourn, with collaboration
of H. Emmett Brown, “The course in physics,” in The Forty-Sixth Yearbook of the National Society for the Study of Education, Part I:
Science Education in American Schools, edited by Nelson B. Henry (University of Chicago Press, Chicago, 1947), pp. 208-221 (part of
Chapter XlII, “The content and methods of senior high school science”).

H. F. Boulind, The Teaching of Physics in Tropical Secondary Schools [Vol. VIII of the UNESCO Handbooks on the Teaching of Science
in Tropical Countries; General Editor: F. Smithies] (Oxford University Press, London, 1957).

Peter Milton Dean, Problem Solving Techniques in Teaching Secondary School Physics (Teachers College, Columbia University, New
York, 1958).

Members of the Science Manpower Project [Frederick L. Fitzpatrick, editor; Lester C. Mills, Eugene Petrik, and Hubert M. Evans],
Modern High School Physics: A Recommended Course of Study, second edition [Science Manpower Projects Monograph] (Bureau of

Publications, Teachers College, Columbia University, New York, 1959); also, first edition (1959) by David Vitrogan.

American Institute of Physics, Physics in your High School: A Handbook for the Improvement of Physics Courses (McGraw-Hill, New
York, 1960).

Alexander Joseph, Paul F. Brandwein, Evelyn Morholt, Harvey Pollack, and Joseph F. Castka, Teaching High School Science: A Sourcebook
for the Physical Sciences (Harcourt, Brace, & World, New York, 1961), pp. 324-589, Section Three, “Physics” (Chaps. 16-24).

Organisation for Economic Cooperation and Development, A Modern Approach to School Physics (OECD, Paris, 1963).
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48) Par Bergvall and Nahum Joel, UNESCO Pilot Project on New Methods and Techniques in Physics Teaching [Annual Report, July 1963 —
August 1964] (UNESCO, Sdo Paulo, 1964).

49) John W. Warren, The Teaching of Physics (Butterworths, London, 1965).

50) Organisation for Economic Cooperation and Development, Teaching Physics To-day: Some Important Topics (New Thinking in
School Science, Vol. 10) [Editorial Committee: Dr. Erwin Baurmann, Prof. Willy Knecht, and Dr. John L. Lewis] (OECD, Paris, 1965).

51) N.D.N. Belham, Projects in Physics for the Secondary School (Batsford, London, 1966).

52) A.B.Arons et al, “The high school physics course” (with contributions by Herman Branson, S. Winston Cram, John M. Fowler,
George D. Freier, Walter R. French, Jr,, ). Donald Henderson, W. Wallace McCormick, H. Victor Neher, Thomas Lauritsen, Rochus
Vogt, Walter ). Rhein, H. E. Rorschach, Jr, A. B. Bryan, and Malcolm K. Smith), The Physics Teacher 4, 218-224 (1966).

53) V.FE Yus'kovich, editor, Methods of Teaching Physics in Soviet Secondary Schools: Proceedings of the Institute of Teaching Methods
[Bulletin of the Academy of Pedagogic Sciences of the RSFSR No. 106, 1959] (Israel Program for Scientific Translations, Jerusalem,
1966).

54) W.Knecht, editor, New Trends in Physics Teaching, Vol. | (1965-1966) (UNESCO, Paris, 1968).

55)  David Kutliroff, Physics Teacher’s Guide: Effective Classroom Demonstrations and Activities (Parker Publishing, West Nyack, NY,
1970).

56) ). G.Houston, The Principles of Objective Testing in Physics (Heinemann, London, 1970).
57) E.Nagy, editor, New Trends in Physics Teaching, Volume II; 1970 (UNESCO, Paris, 1972).
58) John L. Lewis, editor, Teaching School Physics (A UNESCO Source Book), (Penguin, Harmondsworth, England, 1972).

59) American Institute of Physics, High School Physics Teaching: A Report on Current Practices [Pub. R-253] (American Institute of
Physics, New York, 1972).

60) Eric M. Rogers, Improving Physics Education through the Construction and Discussion of Various Types of Tests [Report of a
Workshop Seminar] (UNESCO, Paris, 1972). Available at: http://unesdoc.unesco.org/images/0000/000048/004895eb.pdf.

61) Physics Survey Committee, National Research Council, Physics in Perspective, Volume Il, Part B, The Interfaces (National
Academy of Sciences, Washington, D.C., 1973), pp. 1133-1263, Section XIlI, “Education,” especially pp. 1145-1148, Chap. 1,
“Recommendations”; pp. 1148-1152, Chap. 2, “Introduction”; and pp. 1152-1167, Chap. 3, “Physics in schools.”

62) (a) Francis P. Collea, Robert G. Fuller, Robert Karplus, Lester G. Paldy, and John W. Renner, Workshop on Physics Teaching and
the Development of Reasoning (AAPT, NY, 1975); (b) Robert Karplus, Anton E. Lawson, Warren Wollman, Marilyn Appel, Robert
Bernoff, Ann Howe, John J. Rusch, and Frank Sullivan, Science Teaching and the Development of Reasoning, a Workshop [Physics]
(Lawrence Hall of Science, Berkeley, 1977); (c) Robert G. Fuller, Thomas C. Campbell, Dewey I. Dykstra, Jr,, and Scott M. Stevens,
editors, College Teaching and the Development of Reasoning (Information Age Publishing, 2009); includes reprints of earlier volume
along with new material.

63) John L. Lewis, editor, New Trends in Physics Teaching, Volume Ill [Based on the proceedings of the International Conference in
Physics Education held in Edinburgh (United Kingdom), 29 July-6 August 1975] (United Nations Educational, Scientific, and
Cultural Organization, Paris, 1976).

64) Hezekiah Ukegbu Emereole, Teaching Physics with the Bicycle: A Curriculum Module for Teaching Secondary School Physics with
Utilitarian Objects in Developing Countries (Teachers College, Columbia University, New York, 1983).

T-TEP
110



Resources for the Education of Physics Teachers

65)
66)

67)

68)

69)

70)

71)

72)

73)

74)

75)

76)

77)
78)

79)

80)
81)
82)

83)

E.J. Wenham, editor, New Trends in Physics Teaching Volume IV (UNESCO, Paris, 1984).

William Yurkewicz, Jr, A Guidebook for Teaching Physics (Allyn and Bacon, Boston, 1985).

Rosalind Driver, Edith Guesne, and Andrée Tiberghien, editors, Children’s Ideas in Science (Open University Press, Buckingham,
1985), pp. 10-123, including Chap. 2, “Light,” by Edith Guesne; Chap. 3, “Electricity in simple circuits,” by David Shipstone; Chap.
4, “Heat and temperature,” by Gaalen Erickson and Andrée Tiberghien; Chap. 5, “Force and motion,” by Richard Gunstone and

Michael Watts; and Chap. 6, “The gaseous state,” by Marie Geneviéve Séré.

J. A. Minstrell, “Teaching science for understanding,” in Toward the Thinking Curriculum: Current Cognitive Research, edited by L. B.
Resnick and L. E. Klopfer (Association for Supervision and Curriculum Development, Alexandria, VA, 1989), pp. 129-149.

Jonathan Osborne and John Freeman, Teaching Physics: A Guide for the Non-Specialist (Cambridge University Press, Cambridge,
1989).

L. C. McDermott, “A view from physics,” in Toward a Scientific Practice of Science Education, edited by M. Gardner, ). G. Greeno, F.
Reif, A. H. Schoenfeld, A. diSessa, and E. Stage (L. Erlbaum, Hillsdale, NJ, 1990), pp. 3-30.

Alister Tukauru Jones, Teaching Physics from Technological Applications: Teaching Units for Senior Secondary Physics (Physics
Department and Centre for Science and Mathematics Education Research, University of Waikato, Hamilton, NZ, 1990).

Ricardo Chrobak, Learning How to Teach Introductory Physics Courses [M.S. Thesis, Cornell University] (Cornell University, Ithaca,
NY, 1992).

James Cunningham and Norman Herr, Hands-On Physics Activities with Real-Life Applications: Easy-to-Use Labs and Demonstrations
for Grades 8-12 (Jossey-Bass, San Francisco, 1994).

David P. Maloney, “Research on problem solving: Physics,” in Handbook of Research on Science Teaching and Learning, edited by
Dorothy L. Gabel (Macmillan, New York, 1994), pp. 327-354.

Rosalind Driver, Ann Squires, Peter Rushworth, and Valerie Wood-Robinson, Making Sense of Secondary Science: Research into
Children’s Ideas (Routledge, London, 1994), pp. 117-175, “Part IlI: Children’s ideas about physical processes” (references: pp. 187-
208).

Jim Nelson and Jane Bray Nelson, Role of the Laboratory in Teaching Introductory Physics [An AAPT/PTRA Resource] (American
Association of Physics Teachers, College Park, MD, 1995).

Karen L. Johnston, Teaching Physics: A Guidebook for First-time Instructors (Wiley, New York, 1996).

Eric Mazur, Peer Instruction: A User’s Manual (Prentice Hall, Upper Saddle River, NJ, 1997).

Arnold B. Arons, Teaching Introductory Physics (Wiley, NY, 1997). [This incorporates two earlier books by the same author, A Guide
to Introductory Physics Teaching (Wiley, NY, 1990), and Homework and Test Questions for Introductory Physics Teaching (Wiley, NY,
1994).]

Clifford E. Swartz and Thomas Miner, Teaching Introductory Physics: A Sourcebook (AIP Press/Springer Verlag, New York, 1998).
Ann Jerram, Teaching Physics to KS4 (Hodder & Stoughton, London, 1999).

David Sang, editor, Teaching Secondary Physics (John Murray, Ltd., London, 2000).

Laurence Viennot, Reasoning in Physics: The Part of Common Sense (Kluwer, Dordrecht, 2001).
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84)

85)

86)

87)

88)

89)
90)

91)

92)
93)

94)

95)

96)

97)

98)

99)

100)

101)

102)

103)
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Elizabeth Cutler, Teacher’s Guide — AP Physics (College Board, New York, 2001).

American Association of Physics Teachers Apparatus Committee, Safety in Physics Education (American Association of Physics
Teachers, College Park, MD, 2001).

American Association of Physics Teachers, Guidelines for High School Physics Programs [Revised version of 1984 document]
(American Association of Physics Teachers, College Park, MD, 2002).

Randall D. Knight, Five Easy Lessons: Strategies for Successful Physics Teaching (Addison Wesley, San Francisco, 2002).

Robin Spital, S. James Gates, Jr,, David M. Hammer, Robert C. Hilborn, Eric Mazur, Penny Moore, and Robert A. Morse, “Content
panel report: Physics,” in Learning and Understanding: Improving Advanced Study of Mathematics and Science in U.S. High Schools,
edited by Jerry P. Gollub, Meryl W. Bertenthal, Jay B. Labov, and Philip C. Curtis (National Academy Press, Washington, D.C,, 2002),
pp. 397-483. Available at: http://www.nap.edu/catalog.php?record_id=10129.

Beth Ann Thacker, “Recent advances in classroom physics,” Reports on Progress in Physics 66, 1833-1864 (2003).

Laurence Viennot, Teaching Physics (Kluwer, Dordrecht, 2003).

George Amann, Exploring Physics in the Classroom [AAPT/PTRA Manual] (American Association of Physics Teachers, College Park,
MD, 2005).

Udai Veer, Modern Teaching of Physics (Anmol Publications, New Delhi, 2006).
Julian Clinton Sprott, Physics Demonstrations: A Sourcebook for Teachers of Physics (University of Wisconsin Press, 2006).

John Loughran, Amanda Berry, and Pamela Mulhall, Understanding and Developing Science Teachers’ Pedagogical Content
Knowledge (Sense Publishers, Rotterdam, 2006), pp. 137-218, Chapter Seven, “Force” and Chapter Eight, “Electric circuits.”

Reinders Duit, Hans Niedderer, and Horst Schecker, “Teaching physics,” in Handbook of Research on Science Education, edited by
Sandra K. Abell and Norman G. Lederman (Lawrence Erlbaum, Mahwah, NJ, 2007), pp. 599-630.

Kathleen A. Harper and Sandra Doty, A New TA's Guide to Teaching Introductory Physics (Wiley, New York, 2007).

Jan Mader and Mary Winn, Teaching Physics for the First Time: An AAPT/PTRA Resource for the Beginning Physics Teacher
(American Association of Physics Teachers, College Park, MD, 2008).

Cathy Mariotti Ezrailson and Cathleen C. Loving, EMIT: Explicit Modeling of Interactive-Engagement Techniques for Physics Graduate
Teaching Assistants and the Impact on Instruction and Student Performance in Calculus-Based Physics (VDM Verlag Dr. Miiller,
2009).

Patricia Heller and Gay Stewart, College-Ready Physics Standards: A Look to the Future (Physical Sciences Resource Center [AAPT],
2010). Available at: http://www.compadre.org/psrc/items/detail.cfm?ID=10310.

Roni Mualem, Conceptual Physics in Junior High School: Developing and Implementing a Qualitative Problem Solving Strategy in
Mechanics (Lambert Academic Publishing, 2010).

David Sang, editor, Teaching Secondary Physics, 2nd edition [ASE Science Practice; original edition: 2000] (Hodder Education,
London, 2011).

Richard N. Steinberg, An Inquiry into Science Education, Where the Rubber Meets the Road (Sense Publishers, Rotterdam, 2011).
Keith Gibbs, The New Resourceful Physics Teacher: Creative Ideas and Experiments for Physics Teaching (Schoolphysics Publishing,

Somerset, UK, 2012). Available at: http://www.schoolphysics.co.uk/cd/; also available: Complete Edition CD. [Previous edition: Keith
Gibbs, The Resourceful Physics Teacher: 600 Ideas for Creative Teaching (Institute of Physics Publishing, Bristol, 1999).]
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104)

105)

106)

107)

John Daicopoulos, The Open Agenda: Ideas a Beginning Physics Teacher Should Not Take for Granted, revised version 2012. Available
at: http://www.renegadescience.com/Renegade/The_Open_Agenda.html.

National Research Council, A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas [Committee
on a Conceptual Framework for New K-12 Science Education Standards, Board on Science Education, Division of Behavioral
and Social Sciences and Education] (National Academies Press, Washington, D.C.,, 2012), pp. 103-138, Chap. 5, Dimension 3:
“Disciplinary core ideas—Physical sciences.”

David E. Meltzer and Ronald K. Thornton, “Resource Letter ALIP-1: Active-Learning Instruction in Physics,” American Journal of
Physics 80, 478-496 (2012).

National Research Council, Committee on Undergraduate Physics Education Research and Implementation, Adapting to a
Changing World—Challenges and Opportunities in Undergraduate Physics Education [Board on Physics and Astronomy, Division on
Engineering and Physical Sciences] (National Academies Press, Washington, D.C., 2013).

10.b Collections of articles on teaching physics

1)

2)

3)

4)

5)

American Association of Physics Teachers, Teaching Introductory Physics: Reprints from The Physics Teacher, April 1963-December
1973 (AAPT, NY, 1974).

Melba Phillips, editor, On Teaching Physics: Reprints of American Journal of Physics Articles from the First Half Century of AAPT
(American Association of Physics Teachers, Stony Brook, NY, 1979).

Donna A. Berry, editor, A Potpourri of Physics Teaching Ideas: Selected Reprints from The Physics Teacher, April 1963-December 1986
(American Association of Physics Teachers, College Park, MD, 1987). [Current printing edited by Donna Berry Conner.]

Donald ). Bord and J. Clint Sprott, consultants, West’s Great Ideas for Teaching Physics (West Publishing Co., St. Paul, MN, 1991).

Joe Pizzo, editor, Interactive Physics Demonstrations: A Collection of Deck the Halls Columns and Other Articles Reprinted from The
Physics Teacher 1972-2001 (American Association of Physics Teachers, College Park, MD, 2001).

10.c Conference proceedings on physics education [See also Section 12. Journals and Periodicals, #7]

1)

2)

3)

4)

5)

6)

Sanborn C. Brown and Norman Clarke, editors, International Education in Physics: Proceedings of the International Conference on
Physics Education, UNESCO House, Paris, July 18-August 4, 1960 (MIT Press, Cambridge, MA, 1960).

Sanborn C. Brown, Norman Clarke, and Jayme Tiomno, editors, Why Teach Physics? [Based on discussions at the International
Conference on Physics in General Education, Rio de Janeiro, Brazil, July 1-6, 1963] (MIT Press, Cambridge, MA, 1964).

Seren Sikjaer, editor, Seminar on the Teaching of Physics in Schools [GIREP conference at the Royal Danish School of Educational
Studies, Copenhagen, July 30 to August 5, 1969] (Gyldendal, Copenhagen, 1971).

Sanborn C. Brown, F. ). Kedves, and E. J. Wenham, editors, Teaching Physics: An Insoluble Task? [Proceedings of the International
Congress on the Education of Teachers of Physics in Secondary Schools, Eger, Hungary, September 1970] (MIT Press, Cambridge,
MA, 1971).

A.L.Kingand S. G. Brush, editors, History in the Teaching of Physics: Proceedings of the International Working Seminar on the Role of
the History of Physics in Physics Education [Held at Massachusetts Institute of Technology, 13-17 July 1970] (University Press of New
England, 1972).

Deutsche UNESCO-Kommission, Implementation of Curricula in Science Education (Report of an International Seminar on

“The implementation of curricula in science education with special regard to the teaching of physics,” organized by the

German Commission for UNESCO and the Institute for Science Education at the University of Kiel, Kiel, March 16-18, 1972)
[Seminarbericht der Deutschen UNESCO-Kommission Nr. 22; Karl Hecht, Klaus Blansdorf, and Max Briiderlin, editors] (Deutsche
UNESCO-Kommission, Koln, West Germany, 1974).
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7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)
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Arturo Loria and Poul Thomsen, editors, Seminar on the Teaching of Physics in Schools 2: Electricity, Magnetism and Quantum
Physics (Gyldendal, Copenhagen, 1975).

John L. Lewis, editor, New Trends in Physics Teaching, Volume Ill [Based on the proceedings of the International Conference in
Physics Education held in Edinburgh (United Kingdom), 29 July-6 August 1975] (United Nations Educational, Scientific, and
Cultural Organization, Paris, 1976).

J. G.Jones and J. L. Lewis, editors, The Role of the Laboratory in Physics Education [An account of the Oxford Conference held in
July 1978, jointly organised by the International Commission on Physics Education and the Groupe International de Recherche sur
I'Enseignement de la Physique, with support from Unesco] (John Goodman and Sons, Birmingham, UK [ca. 1978]).

G. Delacéte, Physics Teaching in Schools: Proceedings of the 5th Seminar of GIREP [Montpellier, September 1976] (Taylor and Francis,
London, 1978).

Uri Ganiel, editor, Physics Teaching: Oscillations and Waves, Current Problems: Proceedings of the GIREP Conference held at the
Weizmann Institute of Science, Rehovot, Israel, August 19-24, 1979 (BALABAN International Science Services, Philadelphia, 1980).

P. J. Kennedy and A. Loria, editors, Proceedings of the International Conference on Education for Physics Teaching: Trieste, 1st-6th
September 1980 (International Commission on Physics Education; Physics Department, University of Edinburgh, 1981).

George Marx, editor, Entropy in the School: Proceedings of the 6th Danube Seminar on Physics Education Sponsored by UNESCO,
Balaton, May 1983 [2 volumes] (Roland EStvos Physical Society, Budapest, 1983).

Fabio Bevilacqua and P. ). Kennedy, editors, Using History of Physics in Innovatory Physics Education: Proceedings of the International
Conference: 5-9 September 1983, Pavia, Italy (Centro studi per la didattica, Pavia, 1983).

Recherche en didactique de la physique: Les actes du premier atelier international/Research on physics education: proceedings of the
first international workshop, La Londe les Maures 1983 [G. Delacdte, A. Tiberghien, and J. Schwartz, directors] (Editions du Centre
National de la Recherche Scientifique, Paris, 1984).

Piet Lijnse, editor, The Many Faces of Teaching and Learning Mechanics in Secondary and Early Tertiary Education: Proceedings of a
Conference on Physics Education, Utrecht, The Netherlands, 20-25 August 1984 [GIREP’84; International Group for the Advancement
of Physics Teaching, Stichting voor Onderzoek van het Onderwijs] (W.C.C.-Utrecht, 1985).

International Conference on Physics Education, Proceedings of the International Conference on Physics Education, Nanjing Institute of
Technology, The Pepoles [sic] Republic of China, August 31-September 5, 1986 (Institute of Technology, Nanjing, 1986).

Reinders Duit, Walter Jung, Christoph von Rhoneck, editors. Aspects of Understanding Electricity: Proceedings of an International
Workshop (An inventory of research results concerning the representation of students’ knowledge of electricity and its uses

for the improvement of teaching; Ludwigsburg, Sept. 10 to 14, 1984) [IPN-Arbeitsberichte, 59] (Institut fiir die Pidagogik der
Naturwissenschaften an der Universitit Kiel, Kiel, 1985).

Poul V. Thomsen, editor, Science Education and the History of Physics: Proceedings of the Multinational Teacher/Teacher Trainer
Conference at the Deutsches Museum, Munich, May 3rd-9th, 1986 (University of Aarhus, Aarhus, Denmark, 1986).

Asia and the Pacific Programme of Educational Innovation for Development, A Fresh Look at Teaching Physics at School Level,
Report of the UNESCO Regional Workshop on the Training of Physics Teachers, 18-28 Nov. 1986 (UNESCO Principal Regional Office
for Asia and the Pacific, Bangkok, Thailand, 1988).

K. Luchner, H. Deger, R. Dengler, and R. Worg, editors, International Conference, Teaching Modern Physics-Condensed Matter,
Universitit Miinchen, September 12th-16th 1988, Proceedings (World Scientific, Singapore, 1989).
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22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

Reinders Duit, Fred Goldberg, and Hans Niedderer, editors, Research in Physics Learning: Theoretical Issues and Empirical Studies
[Proceedings of an International Workshop held at the University of Bremen, March 4-8, 1991] (Institute for Science Education,
Kiel, Germany, 1991).

Hans-)lrgen Schmidet, editor, Empirical Research in Chemistry and Physics Education: Proceedings of the International Seminar, June
10th-12th 1992, University of Dortmund, Germany (International Council of Associations for Science Education, Hong Kong, 1992);
ERIC Document 363501.

Yun Ying, Ye Shan-zhuan, and Wang Hao, editors, International Conference on Physics Education, Proceedings: New Movement of
Reform on Physics Teaching [Nanjing, P. R. China, August 5-9, 1995] (Southeast University, Nanjing, 1995).

Carlo Bernardini, Carlo Tarsitani, and Matilde Vicentini, editors, Thinking Physics for Teaching [Proceedings of an international
conference on Thinking Science for Teaching: The Case of Physics, held September 22-27, 1994, in Rome, Italy] (Plenum, New York,
1995).

Jack Wilson, editor, Conference on the Introductory Physics Course: On the Occasion of the Retirement of Robert Resnick (Wiley, New
York, 1997).

Alberto Pascual Maiztegui, editor, Sixth Interamerican Conference on Physics Education, Cérdoba, Argentina, June 28-July 5, 1997
(Revista de Ensefianza de la Fisica, 1997).

G. Marx, editor, Creativity in Physics Teaching Sopron, Hungary, August 16-22, 1997 (Roland E6tvds, Sopron, Hungary, 1997).

S. Oblak, M. Hribar, K. Luchner, and M. Munih, editors, New Ways of Teaching Physics: Proceedings (GIREP-ICPE International
Conference 1996, Ljubliana, Slovenia, 21-27 August 1996) (Board of Education, Ljubliana, 1997).

Edward F. Redish and John S. Rigden, editors, The Changing Role of Physics Departments in Modern Universities: Proceedings of
International Conference on Undergraduate Physics Education, College Park, Maryland, August 1996 [Parts One and Two], American
Institute of Physics Conference Proceedings 399 (AIP, Woodbury, NY, 1997).

J. Huo and S. Xiang, editors, International Conference on New Technologies in Physics Education, Hefei, Peoples Republic of China,
October 19-22, 1998 (Southeast University Press, c1999)

Gernot Born, Horst Harreis, Herbert Litschke, and Norbert Treitz, editors, Hands-on Experiments in Physics Education: Duisburg-
Germany, August 23-28, 1998: Proceedings [International Commission on Physics Education, IUPAP] (Dikadik der Physik, University
of Duisburg, Duisburg, Germany, 1999).

Xingkai Luo and Kaihua Zhao, editors, Turning the Challenge into Opportunities: The Historic Mission of Physics Teacher for the
Next Millennium, International Conference of Physics Teachers & Educators, Guilin, PR. China, August 19-23, 1999 (Guangxi Normal
University Press, 2000).

Roser Pinto and Santiago Surinach, editors, Physics Teacher Education Beyond 2000: Selected Contributions [27 August to 1
September 2000, Barcelona, Spain] (Elsevier, Paris, 2001).

Marisa Michelini and Marina Cobal, editors, Developing Formal Thinking in Physics: First International Girep Seminar 2001, Selected
Contributions (University of Udine, Udine, Italy, 2002).

GIREP, Quality Development in Teacher Education and Training, 1-6 September 2003, University of Udine, Italy [Second International
GIREP Seminar], Proceedings: Available at: http://www.fisica.uniud.it/URDF/girepseminar2003/proceedings.htm.

Yunebae Park, editor, Teaching and Learning of Physics in Cultural Contexts: Proceedings of the International Conference on Physics
Education in Cultural Contexts, Cheongwon, South Korea 13-17 August 2001 (World Scientific, Singapore, 2004).
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39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

10.d
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E. F. Redish and M. Vicentini, editors, Research on Physics Education: Proceedings of the International School of Physics “Enrico Fermi,”
Course CLVI (10S, Amsterdam, 2004).

GIREP Conference 2004 Proceedings: Teaching and Learning Physics in New Contexts (GIREP, Ostrava, 2004).
Available at: https://www.girep.org/conferences.html.

Diane ). Grayson, editor, What Physics Should We Teach? Proceedings of the International Physics Education Conference, 5 to 8 July
2004, Durban, South Africa (International Commission on Physics Education/University of South Africa Press, UNISA, South Africa,
2005).

Gorazd Planinsi¢ and Ales Mohoric, editors, Informal Learning and Public Understanding of Physics: GIREP Book of Selected
Contributions of the Third International GIREP Seminar, 5-9 September 2005, Ljubljana, Slovenia (University of Ljubljana, Faculty of
Mathematics and Physics, Ljubljana, 2005). Available at: http://www.girep2005.fmf.uni-lj.si/

World View on Physics Education in 2005: Focusing on Change. Selected papers of ICPE International Conference on Physics Education,
University of New Delhi (Miranda House, convener Pratibha Jolly) (World Scientific Publishing Co., London, 2005).

Rajka Jurdana-Sepi¢, Velimir Labinac, Marta Zuvié-Butorac, and Ana Susac, editors, Frontiers of Physics Education, Selected
Contributions, GIREP-EPEC Conference 26-31 August, 2007, Opatija, Croatia, (Zlatni rez, Rijeka, 2008).
Available at: https://www.girep.org/conferences.html.

Ed van den Berg, Ton Ellermeijer, Onne Slooten, editors, Proceedings GIREP Conference 2006 (August 20-25, Amsterdam,
Netherlands): Modelling in Physics and Physics Education (AMSTEL Institute, University of Amsterdam, Amsterdam, 2008).
Available at: https://www.girep.org/conferences.html

Cristina Cassan, Marisa Michelini, Paola Visentin, International Workshop on Multimedia in Physics Teaching and Learning [MPTL
14] 23-25 September 2009 University of Udine, Italy (European Physical Society/University of Udine, Udine, Italy, 2009).

C. P. Constantinou and N. Papadouris, editors, GIREP Conference 2008, Selected Papers: Physics Curriculum Design, Development
and Validation [August 18-22, Nicosia, Cyprus] (Learning in Science Group, Department of Educational Sciences, University of Cyprus,
Nicosia, 2010).

Derek Raine, Cheryl Hurkett & Laurence Rogers, editors, Physics Community and Cooperation, Selected Contributions GIREP-EPEC
& PHEC 2009 International Conference August 17-21, University of Leicester, UK (Lulu /The Centre for Interdisciplinary Science,
University of Leicester, Leicester, 2010).

Boonchoat Paosawatyanyong and Pornrat Wattanakasiwich, editors, International Conference on Physics Education: ICPE-2009
[Bangkok, Thailand, 18-24 October 2009; AIP Conference Proceedings 1263] (American Institute of Physics, Melville, New York,
2010).

GIREP-ICPE-MPTL 2010 International Conference, Teaching and Learning Physics Today: Challenges? Benefits? 22-27 August 2010,
Reims, France (Université de Reims Champagne Ardenne, France, 2012). Available at: http://www.univ-reims.fr/site/evenement/
girep-icpe-mptl-2010-reims-international-conference/list-of-submitted-full-papers-for-proceedings,13181,22950.html

Anssi Lindell, Anna Leena Kahkonen, and Jouni Viiri, editors, Physics Alive: Proceedings GIREP-EPEC Conference 2011, August 1-5,
Jyviskyld, Finland [JYFL Research Report no. 10/2012] (University of Jyvaskyl3, Finland, 2012).

Available at: https://www.jyu.fi/fen/congress/girep2011/announcements/electronic-version-of-the-proceedings-published.
Instructor’s manuals, teachers’ guides, and reference works with links to specific curricular materials

Eric M. Rogers, Teaching Physics for the Inquiring Mind (Princeton University Press, Princeton, NJ, 1962).

The Association for Science Education, An Expansion and Teachers’ Guide to Physics for Grammar Schools (John Murray, London,
1963).
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4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)
15)

16)

17)

18)

19)

20)

Nuffield Physics: Teachers’ Guide | and Teachers’ Guide Ill (Longmans/Penguin, London, 1966); Available at: [Teacher’s Guide 1]
http://www.nationalstemcentre.org.uk/elibrary/resource/3067/nuffield-physics-teachers-guide-i and [Teacher’s guide Ill]
http://www.nationalstemcentre.org.uk/elibrary/resource/3073/nuffield-physics-teachers-guide-iii.

P.). Black and Jon Ogborn, Joint Organizers, Physics Teachers’ Handbook, Nuffield Advanced Science (Penguin, Harmondsworth, UK,
1971). Available at: http://www.nationalstemcentre.org.uk/elibrary/resource/3052/nuffieldadvanced-physics-teachers-handbook.

Eric M. Rogers and E. ). Wenham, General Editors, Revised Nuffield Physics General Introduction (Longman Group Limited, London,
1977). Available at: http://www.nationalstemcentre.org.uk/elibrary/file/9768/Revised Nuffield Physics General Introduction.pdf.

Eric M. Rogers and E. ). Wenham, General Editors, Revised Nuffield Physics Teachers’ Guide, Years 1-5 (Longman Group Limited,
London, 1978-1981).

F. James Rutherford, Gerald Holton, and Fletcher G. Watson, Project Physics Resource Book (Holt, Rinehart, and Winston, New York,
1981). Available at: http://www.archive.org/details/projectphysicscollection.

Kenneth Dobson, editor, [Nuffield Advanced Science] Physics Examinations and Investigations (Longman Group Limited, London,
1985). Available at: http://www.nationalstemcentre.org.uk/elibrary/file/10141/Physics- Examinations & Investigations.pdf.

John Harris, General Editor, Nuffield-Chelsea Curriculum Trust, Physics Teachers’ Guide 1, Units A to G and Physics Teachers’ Guide
2, Units H to L [Teachers’ guide for Revised Nuffield Advanced Science, Physics, Students’ Guide 1 (Units A to G) and Students’ Guide 2
(Units H to L)] (Longman, Burnt Mill [UK], 1985).

Uri Haber-Schaim, John H. Dodge, and James A. Walter, Teacher’s Resource Book, PSSC Physics 6th edition (Heath, Lexington, 1986).
Frederick Reif, Instructors Manual to Accompany Understanding Basic Mechanics (Wiley, New York, 1995).

Eric Mazur, Peer Instruction: A User’s Manual (Prentice Hall, Upper Saddle River, NJ, 1997).

William J. Leonard, Robert ). Dufresne, William J. Gerace, and Jose P. Mestre, Teacher’s Guides to Accompany Minds-On Physics, Vols.
1-6 [Motion; Interactions; Conservation Laws and Concept-Based Problem Solving; Fundamental Forces and Fields; Complex Systems;
Advanced Topics in Mechanics] (Kendall-Hunt, Dubuque, IA, 1999-2000).

Randall D. Knight, Five Easy Lessons: Strategies for Successful Physics Teaching (Addison Wesley, San Francisco, 2002).

Edward F. Redish, Teaching Physics with the Physics Suite (Wiley, New York, 2003).

Lillian C. McDermott, Peter S. Shaffer, and the Physics Education Group at the University of Washington, Instructor’s Guide for
Tutorials in Introductory Physics, 1st edition (Prentice-Hall, Upper Saddle River, NJ, 2003).

Alan Van Heuvelen and Eugenia Etkina, The Physics Active Learning Guide, Instructor Edition (Addison Wesley, San Francisco, CA,
2005).

E. Etkina and A. Van Heuvelen, “Investigative Science Learning Environment - A science process approach to learning physics,”
in Research-Based Reform of University Physics, edited by E. F. Redish and P.). Cooney (American Association of Physics Teachers,
College Park, MD, 2007), Reviews in PER Vol. 1. Available at: http://www.per-central.org/document/ServeFile.cfm?ID=4988.

Ruth Chabay and Bruce Sherwood, “Matter & Interactions,” in Research-Based Reform of University Physics, edited by E. F. Redish
and P. ). Cooney (American Association of Physics Teachers, College Park, MD, 2007), Reviews in PER Vol. 1.
Available at: http://www.percentral.org/document/ServeFile.cfm?ID=4989

Catherine H. Crouch, Jessica Watkins, Adam P. Fagen, and Eric Mazur, “Peer Instruction: Engaging students one-on-one, all at once,”
in Research-Based Reform of University Physics, edited by E. F. Redish and P.). Cooney (American Association of Physics Teachers,
College Park, MD, 2007), Reviews in PER Vol. 1. Available at: http://www.per-central.org/document/ServeFile.cfm?1D=4990.
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21)

Lillian C. McDermott and the Physics Education Group at the University of Washington, Instructor’s Guides for Physics by Inquiry
(Wiley, New York, 2013). Available (password required) at: https://courses.washington.edu/uwpeg/pbi.

10.e Bibliographies, literature guides, and surveys of high-school physics textbooks

1)

10)

11)

12)

13)

Eastern Association of Physics Teachers [John W. Hutchins, Clement C. Hyde, and Frank M. Greenlaw, Committee on Reference
Books], Catalogue of Reference Books in Physics Suitable for Secondary Schools, Revised Edition (Eastern Association of Physics
Teachers, Jamaica Plain, MA, 1907) [revised edition of A List of Reference Works Suitable for Work in Secondary School Physics
(Charles R. Allen, A. B. Kimball, and J. W. Hutchins, Committee on Reference Books), (Eastern Association of Physics Teachers, New
Bedford, MA, 1900)].

Committee of the American Federation of Teachers of the Mathematical and the Natural Sciences, Bibliography of Science
Teaching [United States Bureau of Education Bulletin 1911, No. 1; Whole Number 446] (Government Printing Office, Washington,
1911), pp. 24-27, “Physics.”

Walter C. Michels, “High school physics: A report of the Joint Committee on High School Teaching Materials,” Physics Today 10(1),
20-21 (1957).

Harold S. Spielman, “A report on the first meeting of the joint AIP—AAPT—NSTA Committee on Teaching Materials for High
School Physics,” Science Education 41, 229-233 (1957).

Robert H. Whitford, Physics Literature: A Reference Manual, 2nd edition (Scarecrow Press, Metuchen, NJ, 1968), pp. 119-132,
Chapter VII, “Educational approach.”

Lester G. Paldy and Clifford E. Swartz, “Resource Letter PCP-1: Pre-college physics curriculum materials,” American Journal of
Physics 41, 166-178 (1973).

Robert Lehrman, “Physics texts: An evaluative review,” The Physics Teacher 20, 508-518 (1982).
Physics Textbook Review Committee, “Survey of high school physics texts,” The Physics Teacher 37, 284-308 (1999).

Lillian C. McDermott and Edward F. Redish, “Resource Letter: PER-1: Physics Education Research,” American Journal of Physics 67,
755-767 (1999).

E. Leonard Jossem, “Resource Letter EPGA-1: The education of physics graduate assistants,” American Journal of Physics 68, 502-
511 (2000).

Casey Langer Tesfaye and Susan White, High School Physics Textbooks: Results from the 2008-09 Nationwide Survey of High School
Physics Teachers (American Institute of Physics, College Park, MD, 2010).

Richard E. Berg, “Resource Letter PhD-2: Physics demonstrations,” American Journal of Physics 80, 181-191 (2012).

David E. Meltzer and Ronald K. Thornton, “Resource Letter ALIP-1: Active-Learning Instruction in Physics,” American Journal of
Physics 80, 478-496 (2012).

10.f References on teaching individual topics

1)
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Sub-Committee of the Science Masters’ Association [H.F. Boulind, Chairman], The Teaching of Electricity, with Special Reference to
the Use of M.K.S. Units (John Murray, 1954).

Science Masters Association, Modern Physical Science Committee, Interim Report, The Teaching of Modern Physics (Science
Masters Association, Cambridge [UK], 1962).
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3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Arturo Loria and Poul Thomsen, editors, Seminar on the Teaching of Physics in Schools 2: Electricity, Magnetism and Quantum
Physics (Gyldendal, Copenhagen, 1975).

George Marx, editor, Entropy in the School: Proceedings of the 6th Danube Seminar on Physics Education sponsored by UNESCO,
Balaton, May 1983 [2 volumes] (Roland E6tvos Physical Society, Budapest, 1983).

K. Luchner, H. Deger, R. Dengler, and R. Worg, editors, International Conference, Teaching Modern Physics-Condensed Matter,
Universitdt Miinchen, September 12th-16th 1988, Proceedings (World Scientific, Singapore, 1989).

Piet Lijnse, editor, The Many Faces of Teaching and Learning Mechanics in Secondary and Early Tertiary Education: Proceedings of a
Conference on Physics Education, Utrecht, The Netherlands, 20-25 August 1984 [GIREP’84; International Group for the Advancement
of Physics Teaching, Stichting voor Onderzoek van het Onderwijs] (W.C.C.-Utrecht, 1985).

Robert A. Morse, Teaching About Electrostatics [An AAPT/PTRA Workshop Manual] (American Association of Physics Teachers,
College Park, MD, 1992).

Earl R. Feltyberger, James Mallmann, Judy M. Schmidt and Thomas Senior, Teaching About D.C. Electric Circuits [An AAPT/PTRA
Resource] (American Association of Physics Teachers, College Park, MD, 1990, 1993).

Mark Davids, R. Stephen Rea, and Paul W. Zitzewitz, Teaching About Lightwave Communications [An AAPT/PTRA Manual]
(American Association of Physics Teachers, College Park, MD, 1994).

Robert ). Reiland, Teaching About Magnetism [An AAPT/PTRA Manual] (American Association of Physics Teachers, College Park,
MD, 1996).

Bill Franklin, Teaching About Color and Color Vision (American Association of Physics Teachers, College Park, MD, 1997).

Lawrence M. Krauss and Glenn D. Starkman, Teaching About Cosmology [An AAPT/PTRA Resource] (American Association of
Physics Teachers, College Park, MD, 1999).

Jodi McCullough and Roy McCullough, The Role of Toys in Teaching Physics [An AAPT/PTRA Workshop Manual] (American
Association of Physics Teachers, College Park, MD, 2000)

Thomas D. Rossing, Teaching Light & Color (American Association of Physics Teachers, College Park, MD, 2001).

Bill Franklin, Teaching About Impulse and Momentum [An AAPT/PTRA Manual] (American Association of Physics Teachers,
College Park, MD, 2004, 2005).

John L. Roeder, Teaching About Energy [An AAPT/PTRA Resource] (American Association of Physics Teachers, College Park, MD,
2008).

Jane Bray Nelson and Jim Nelson, Teaching About Kinematics [An AAPT/PTRA Resource] (American Association of Physics
Teachers, College Park, MD, 2009).

Charles W. Camp and John ). Clement, Preconceptions in Mechanics: Lessons Dealing with Students’ Conceptual Difficulties, 2nd
edition [original edition: Kendall Hunt, Dubuque, 1A, 1994] (American Association of Physics Teachers, College Park, MD, 2010).

10.g Miscellaneous resources for physics teaching

1)

2)

Sources of Physics Teaching Volumes |, I, Ill, and 1V: Reprints from Contemporary Physics, With an Introduction by Professor Nevill
Mott (Taylor and Francis, 1968-1970).

Karl C. Mamola, Apparatus for Teaching Physics (American Association of Physics Teachers, College Park, MD, 1999).
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11. Research-Based Curricular and Assessment Materials for Physics Teacher Education

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
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Frederick Reif, Understanding Basic Mechanics, Text, and Understanding Basic Mechanics, Workbook (Wiley, New York, 1995).

Lillian C. McDermott and the Physics Education Group at the University of Washington, Physics by Inquiry (Wiley, New York,
1996).

Eric Mazur, Peer Instruction: A User’s Manual (Prentice Hall, Upper Saddle River, NJ, 1997).

Gregor M. Novak, Evelyn T. Patterson, Andrew D. Gavrin, and Wolfgang Christian, Just-In-Time Teaching: Blending Active Learning
with Web Technology (Prentice Hall, Englewood Cliffs, NJ, 1999).

William ). Leonard, Robert ). Dufresne, William J. Gerace, and Jose P. Mestre, Minds-On Physics, Activity Guide and Reader, Vols. 1-6
[Motion; Interactions; Conservation Laws and Concept-Based Problem Solving; Fundamental Forces and Fields; Complex Systems;
Advanced Topics in Mechanics] (Kendall-Hunt, Dubuque, IA, 1999-2000).

Thomas L. O’Kuma, David P. Maloney, and Curtis ). Hieggelke, Ranking Task Exercises in Physics (Prentice Hall, Upper Saddle River,
NJ, 2000).

Wolfgang Christian and Mario Belloni, Physlets: Teaching Physics with Interactive Curricular Material (Prentice Hall, Upper Saddle
River, NJ, 2001).

American Institute of Physics and American Association of Physics Teachers, Powerful Ideas in Physical Science, 3rd edition
(American Association of Physics Teachers, College Park, MD, 2001).

Lillian C. McDermott, Peter S. Shaffer, and the Physics Education Group, Tutorials in Introductory Physics, and Homework, Tutorials
in Introductory Physics, 1st edition (Prentice-Hall, Upper Saddle River, NJ, 2002).

David P. Jackson, Priscilla W. Laws, and Scott V. Franklin, Explorations in Physics: An Activity-Based Approach to Understanding the
World (Wiley, New York, 2002).

Alan Van Heuvelen and Paul D’Alesandris, ActivPhysics Online Workbook [Alan Van Heuvelen, ActivPhysics Online Workbook, Vol. 1:
Mechanics, Thermal Physics, Oscillations & Waves; Alan Van Heuvelen and Paul D’Alesandris, ActivPhysics Online Workbook, Volume

2: Electricity & Magnetism, Optics, Modern Physics] (Pearson Addison Wesley, San Francisco, 2004).

Michael C. Wittmann, Richard N. Steinberg, and Edward F. Redish, Activity-Based Tutorials: Volume 1, Introductory Physics; Volume
2, Modern Physics [The Physics Suite] (Wiley, New York, 2004).

Priscilla W. Laws, Workshop Physics Activity Guide, Modules 1-4, Second Edition [The Physics Suite] (Wiley, New York, 2004).
David R. Sokoloff and Ronald K. Thornton, Tools for Scientific Thinking: Motion and Force; Laboratory Curriculum and Teachers’
Guide, and Ronald K. Thornton and David R. Sokoloff, Tools for Scientific Thinking: Heat and Temperature; Laboratory Curriculum

and Teachers’ Guide (Vernier Software and Technology, Beaverton, OR, 2004).

Alan Van Heuvelen and Eugenia Etkina, The Physics Active Learning Guide, Student Edition (Pearson Addison Wesley, San Francisco,
2006).

Curtis J. Hieggelke, David P. Maloney, Stephen E. Kanim, and Thomas J. O’Kuma, E & M TIPERS: Electricity and Magnetism Tasks
Inspired by Physics Education Research (Pearson Prentice-Hall, Upper Saddle River, NJ, 2006).

Fred Goldberg, Steve Robinson, and Valerie Otero, Physics & Everyday Thinking (It's About Time, Armonk, NY, 2008).

David R. Sokoloff and Ronald K. Thornton, Interactive Lecture Demonstrations: Active Learning in Introductory Physics [The Physics
Suite] (Wiley, New York, 2008).
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19)

20)

21)

22)

23)

24)

25)

26)

Roger Nanes, Inquiry into Physical Science: A Contextual Approach, 2nd edition: Vol. 1, Global Warming; Vol. 2, Kitchen Science; Vol.
3, The Automobile (Kendall Hunt, Dubuque, IA, 2008).

Thomas Moore, Six Ideas that Shaped Physics [Units C, E, N, Q, R, and T] (McGraw-Hill, New York, 1997-2009).

Ruth W. Chabay and Bruce A. Sherwood, Matter and Interactions, 3rd edition (Wiley, New York, 2010). [E & M simulations
available at: http://wwwé4.ncsu.edu/~rwchabay/emimovies.]

Page Keeley and Rand Harrington, Uncovering Student Ideas in Physical Science, Volume 1: 45 NEW Force and Motion Assessment
Probes (NSTA Press, Arlington, VA, 2010).

Randall D. Knight, Brian Jones, Stuart Field, and James H. Andrews, Student Workbook for College Physics: A Strategic Approach, 2nd
edition (Pearson Addison-Wesley, Boston, 2010).

David R. Sokoloff, Ronald K. Thornton, and Priscilla W. Laws, RealTime Physics: Active Learning Laboratories , 3rd edition: Module 1,
Mechanics (D. R. Sokoloff, R. K. Thornton, and P. W. Laws); Module 2, Heat & Thermodynamics (D. R. Sokoloff, P. W. Laws, and R. K.
Thornton); Module 3, Electricity & Magnetism (D. R. Sokoloff and P. W. Laws); Module 4, Light & Optics (D. R. Sokoloff) (Wiley, New
York, 2011; 2012).

Randall D. Knight, Student Workbook for Physics for Scientists and Engineers: A Strategic Approach with Modern Physics, 3rd edition
(Pearson, Boston, 2013).

Ronald K. Thornton, Teacher Education Module CD (Vernier Software, n.d.).

12. Journals and Periodicals

The Physics Teacher. Available at: http://scitation.aip.org/tpt/.

Physics Education. Available at: http://iopscience.iop.org/0031-9120/.

American Journal of Physics. Available at: http://scitation.aip.org/ajp/.

Physical Review Special Topics - Physics Education Research. Available at: http://prst-per.aps.org/.

Journal of Physics Teacher Education Online. Available at: http://www.phy.ilstu.edu/jpteo/.

American Physical Society Forum on Education Newsletter. Available at: http://www.aps.org/units/fed/newsletters/index.cfm.
Proceedings of the Physics Education Research Conference: Annual, published since 2003 by American Institute of Physics
Conference Proceedings, Melville, New York [2001 and 2002 Conferences published by PERC Publishing]; 2003 Conference: Vol.
720 [published 2004]; 2004 Conference: Vol. 790 [2005], 2005 Conference: Vol. 818 [2006]; 2006 Conference: Vol. 883 [2007]; 2007

Conference: Vol. 951 [2007]; 2008 Conference: Vol. 1054 [2008]; 2009 Conference: Vol. 1179 [2009]; 2010 Conference: Vol. 1289
[2010]; 2011 Conference: Vol. 1413 [2012]; 2012 Conference: Vol. 1513 [2013]. Available at: http://proceedings.aip.org/.

13. Online Resources

1)
2)

3)

ActivPhysics Online. Available at: http://wps.aw.com/aw_knight_physics_1/17/4389/1123672.cw/.
Assessment Instrument Information Page, North Carolina State University. Available at: http://www.ncsu.edu/PER/TestInfo.html.

Comprehensive Conceptual Curriculum for Physics [C3P], University of Dallas. Available at: http://phys.udallas.edu.
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4)
5)

6)

7)
8)
9)
10)
11)
12)

13)

14)

15)

16)

17)
18)
19)

20)

21)
22)
23)

24)

25)

26)
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Concept Tests and Course Materials, University of Colorado. Available at: http://per.colorado.edu/cts.
Constructing Physics Understanding. Available at: http://cpucips.sdsu.edu/web/cpu.

Context Rich Problems, On-Line Archive, University of Minnesota Physics Education Research and Development. Available at:
http://groups.physics.umn.edu/physed/Research/CRP/on-lineArchive/ola.html.

Diagnoser [formative assessment tools]. Available at: www.Diagnoser.com.

E&M TIPERS (“Tasks Inspired by Physics Education Research”). Available at: http://tycphysics.org/tipers.htm.
Explorations in Physics, Dickinson College. Available at: http://physics.dickinson.edu/~eip_web/eip_homepage.html.
Humanized Physics Project. Available at: http://physics.doane.edu/hpp.

Interactive Online Lectures, University of Illinois. Available at: http://research.physics.illinois.edu/per/iol.html.
Interactive Science Simulations, University of Colorado. Available at: http://phet.colorado.edu/.

Internet Computer Coaches for Introductory Problem Solving, University of Minnesota.
Available at: http://groups.physics.umn.edu/physed/prototypes.html.

Intuitive Quantum Physics, University of Maine. Available at: http://perlnet.umaine.edu/IQP/index.html.
Modeling Instruction Program. Available at: http://modelinginstruction.org/. Some curricular materials are password protected and
available to participants in Modeling workshops; others are free. Available at http://modelinginstruction.org/teachers/resources/.

Also see: http://modeling.asu.edu/ and http://modeling.asu.edu/Curriculum.html.

National STEM Centre [United Kingdom]. Available at: http://www.nationalstemcentre.org.uk/elibrary/
science/?facet%5B0%5D=subject%3A%22Science%5EPhysics%22.

Open-Source Physics. Available at: http://www.opensourcephysics.org.
PER User’s Guide. Available at: http://perusersguide.org/.
Physical Sciences Resource Center. Available at: http://www.compadre.org/psrc/.

Physics Academies, University of Maine, Center for Science and Mathematics Education Research.
Available at: http://itumweb.ume.maine.edu/center/Summer_Academies/Physics/Physindex.html.

Physics Education Research Central. Available at: www.compadre.org/per.
Physics JiTT Resources [“Just-in-Time Teaching”]. Available at: http://jittdl.physics.iupui.edu/jitt/sampler/physics/index.html.
Physics Problems, University of Maryland. Available at: http://www.physics.umd.edu/perg/problems.htm.

Physics Resources and Instructional Strategies for Motivating Students [PRISMS], University of Northern lowa.
Available at: http://www.prisms.uni.edu.

Physics Teaching Resources, lllinois State University. Available at: http://www.phy.ilstu.edu/pte/resources.html.

Physics Teaching Technology Resource, Rutgers University. Available at: http://paer.rutgers.edu/pt3.
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27)

28)
29)

30)

31)

32)

33)
34)
35)
36)
37)
38)
39)

40)

41)
42)
43)
44)

45)

Physics Teaching Web Advisory: Ask Questions About Physics Teaching, Kansas State University.
Available at: http://www.physicspathway.org/PathwayHome.html.

Physics Union Mathematics. Available at: http://pum.rutgers.edu.
Powerful Ideas in Physical Science, American Association of Physics Teachers. Available at: http://www.aapt.org/publications/pips.cfm.

Problem-Solving Labs, Download Laboratory Manuals, University of Minnesota Physics Education Research and Development.
Available at: http://groups.physics.umn.edu/physed/Research/Lab%20Manuals/Lab%20Manuals.html.

Project Galileo [Interactive Learning Toolkit-BQ], Harvard University. Available at: http://www.merlot.org/merlot/viewMaterial htm?id=91290
and https://ilt.seas.harvard.edu/login/.

PTEC Library. Available at (Main page): http://www.compadre.org/ptec/features/FeaturedCollections.cfm and (Browse by Subject:)
http://www.ptec.org/search/browse.cfm?browse=gsss.

RELATE Mechanics WIKI Home, MIT. Available at: http://scripts.mit.edu/~srayyan/PERwiki/index.php?title=Main_Page.
SCALE-UP, North Carolina State University. Available at http://scaleup.ncsu.edu.

Schoolphysics [United Kingdom]. Available at: http://www.schoolphysics.co.uk.

Science Education Initiative, University of Colorado. Available at: http://www.colorado.edu/sei/departments/physics.htm.
Scientific Community Labs, University of Maryland. Available at: http://umdperg.pbworks.com/w/page/10511229/FrontPage.
Socratic Dialog-Inducing Labs, University of Indiana. Available at: http://www.physics.indiana.edu/~sdi.
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Transforming the Preparation
of Physics Teachers:
A Call to Action

The Task Force found that, except for a handful
of isolated models of excellence, the national
landscape of the professional preparation
of physics teachers shows a system that is
largely inefficient, mostly incoherent, and
completely unprepared to deal with the current
and future needs of the nation’s students.
Physics departments, schools of education,
university administrators, school systems,
state agencies, and the federal government,
along with business and foundations, all have
indispensable collaborative roles to play so that
every high school student has the opportunity to

learn physics with a qualified teacher.
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