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Systematic research on physics teacher education (PTE) programs in the United States is rare, owing
both to the great variety of practices and structures enacted by U.S. PTE programs and to the lack of
measurement tools available to measure what successful PTE programs do. To help meet the need for a
specific, objective, and reliable guide for research on PTE programs, the Physics Teacher Education
Coalition developed the Physics Teacher Education Program Analysis (PTEPA) rubric, which characterizes
the practices and structures observed at “thriving” PTE programs (defined as programs in the U.S. that
frequently graduate five or more physics teachers per year). Initial research based on the PTEPA rubric
suggests that thriving programs are strong in multiple areas (especially institutional commitment,
leadership, and collaboration among partners in education and physics), and that several areas of strength
align with those indicated by the existing PTE literature. However, thriving programs are not necessarily
strong in all areas, instead reflecting local conditions at the institutional and state level. Such findings
illustrate the opportunity for measurement and hypothesis testing about the most important features that

PTE programs should have.
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I. INTRODUCTION

Systematic research on physics teacher education (PTE)
programs has the potential to guide program development.
The Physics Teacher Education Coalition (PhysTEC) con-
ducted a study of “thriving” PTE programs (defined as
programs in the U.S. that frequently graduate five or more
physics teachers per year) to identify common practices and
structures of these programs [1]. By measuring what a
variety of different U.S. programs do to support PTE,
PhysTEC hopes to support others in creating or improving
their own effective programs, thereby helping to address the
severe shortage of high school physics teachers across the
United States [2].

The thriving programs study led to the development of
the Physics Teacher Education Program Analysis (PTEPA)
rubric to characterize the practices and structures observed
at thriving programs [3.,4]. The opportunity that the PTEPA
rubric provides for systematic research is significant.
Existing research into U.S. PTE programs is valuable,
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but mainly descriptive: it offers examples of what success-
ful programs do, rather than empirical studies of these
practices or their impacts on future teachers. The risk of
learning from examples is that descriptive studies do not
have the ability to differentiate between critical and
noncritical features of a particular approach. A measure-
ment tool such as the PTEPA rubric supports inquiry into
which features of PTE programs are important for success,
and in which contexts. The rubric is designed to character-
ize PTE programs and enable comparisons among pro-
grams, thus enabling measurement of program growth
and allowing aggregation of data across different pro-
grams. Additionally, the rubric serves the goal of self-
improvement, providing a specific, objective, and reliable
guide for physics teacher educators seeking to improve
their programs.

This paper describes what has been learned in initial
application of the PTEPA rubric to eight thriving PTE
programs. The primary research question is, “What do
thriving PTE programs do?” The initial findings are as
follows:

A. Thriving programs are strong in multiple areas, and

the pattern of strength varies across programs.

B. The most consistent strengths among thriving pro-
grams are in “institutional commitment,” “leadership,
and collaboration” among partners in education and
physics.
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C. Thriving programs are strong in some of the specific

areas indicated by the existing PTE literature.

D. Thriving programs are consistently strong in certain

specific activities and structures.

E. Thriving programs are not strong in all specific

activities and structures.

Most of these findings had been suggested in earlier
descriptive studies. The contribution of the present research
is to offer a systematic approach to studying PTE, in which
the practices and structures that comprise a PTE program
are catalogued consistently along with defined levels of
achievement for each element. Such systematization is
crucial to an evidence-based argument: the PTEPA rubric’s
catalogue of standards, components, and items, each with a
recommended level of accomplishment, presents the oppor-
tunity for measurement and hypothesis testing. With this
instrument, researchers have the opportunity to discover
correlations, notice patterns, and potentially challenge
accepted wisdom.

II. LITERATURE REVIEW: WHAT
SHOULD PHYSICS TEACHER
EDUCATION PROGRAMS DO?

A world of literature addresses how best to prepare
students to become effective teachers. The following brief
review highlights the findings from this literature that are
most relevant for physics-specific teacher education pro-
grams in the U.S., especially those features that concern
disciplinary departments.

A. There is little systematic research on PTE programs

The National Research Council (NRC) report titled
“Preparing Teachers: Building Evidence for Sound
Policy” [5] indicates major gaps in our knowledge of what
happens in U.S. teacher education programs, and what
makes such programs effective. The charge for this effort
was to answer the question, “What sorts of instruction and
experiences do (U.S.) teacher candidates receive in prepa-
ration programs of various types?” The report states that “it
was exceptionally difficult to assemble a clear picture of
teacher preparation because there have been no systematic
efforts to collect the necessary data; thus, we can provide
only partial answers.” The report continues: “There has
been an extraordinary amount of work, from a variety of
fields, on questions about the factors that influence the
effectiveness of teaching, but this work is only a starting
point. There is little firm empirical evidence to support
conclusions about the effectiveness of specific approaches
to teacher preparation...In general, the evidence supports
conclusions about the characteristics it is valuable for
teachers to have, but not conclusions about how teacher
preparation programs can most effectively develop those
characteristics.” The 2019 report by the American
Association for the Advancement of Science titled

“A Synthesis of Research on and Measurement of
STEM Teacher Preparation™ affirms this absence, stating,
“Strikingly, our search yielded virtually no published
research that explored issues related to the improvement
of educator preparation programs” or on the accountability
of STEM teacher preparation programs [6]. Further,
most of the research in science teacher preparation is on
K-8 science teacher preparation, not on secondary science
teacher programs [5].

One of the major areas lacking systematic research is the
relative quality of different pathways for PTE in the U.S.,
e.g., whether teacher preparation occurs in an undergradu-
ate program, graduate program, or alternative certification
pathway. The NRC report states that “the distinctions
among pathways and programs are not clear-cut and there
is more variation within the ‘traditional’ and ‘alternative’
categories than there is between these categories.” The
report “found no evidence that any one pathway into
teaching is the best way to attract and prepare desirable
candidates ... This finding does not mean that the character-
istics of pathways do not matter; rather, it suggests that
research on the sources of the variation in preparation, such
as selectivity, timing, and specific components and char-
acteristics, is needed.” The AAAS report states similarly
that “The current body of research...does not help us
understand how particular parts of programs contribute to
valued outcomes given the rest of the program.” [6]
Another one of the major areas lacking systematic research
is what coursework is needed for teacher education: it is not
clear what elements of coursework are important for
teacher preparation, the number of courses taken by
prospective teachers varies dramatically, and a large num-
ber of courses (even as many as required for a major in the
discipline) is not necessarily an indicator of teacher quality
[5]. Overall, the available research findings “do not cohere
to develop the field’s understanding of how programs
function and how they relate to a broad range of valued
outcomes” [6].

The primary goal of the current paper is to set out the
beginnings of, and current opportunities for, systematic
research in PTE in the U.S. The PTEPA rubric is well suited
to address certain important gaps in research on teacher
education programs, including program creation and sus-
tainability, recruitment of physics teacher candidates, and
qualities of effective physics teachers. There are other
important areas that the PTEPA rubric does not measure:
for example, it does not connect features of teacher
preparation programs to eventual K-12 student outcomes.
Within such limitations, the PTEPA rubric can help
measure the extent to which thriving PTE programs have
the features that existing reports and professional societies
recommend as being important. Below we highlight several
features that have been identified as important for PTE
programs.
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B. PTE programs should secure institutional
commitment and strong leadership for
robust program creation and maintenance

Multiple studies in physics teacher preparation have
found that successful U.S. programs have strong leader-
ship, including at least one person who secures funding and
personnel benefiting PTE and negotiates with the institu-
tion for changes beneficial to PTE [2,7-9]. Studies in
physics suggest that thriving PTE programs need at least
one “‘champion” who is a member of the physics faculty.
Such leadership is likely particularly important in discipli-
nary teacher preparation because of the problem of small
numbers: colleges or schools of education are less likely to
attend to the specific needs of physics (or other STEM)
students seeking to become teachers given their broader
priorities in teacher preparation. Champions are more likely
to be successful when supported by co-leaders and/or a
team who can share the work, provide mutual support, and
attack the problem from different angles [10]. PTE program
leaders act at a variety of institutional, regional, and
national levels with a variety of different constituencies
to advance PTE, including direct service to physics
teachers, creation and maintenance of PTE programs,
departmental leadership and institutional engagement ben-
efiting PTE programs, and national advocacy for PTE. The
PTEPA rubric measures many of these features, providing
systematic evidence as to whether thriving PTE programs
have the features that the literature says they need.

These same studies find that U.S. programs that sus-
tained increases in the number of physics teachers educated
per year have substantial institutional commitment to PTE,
meaning that the institution supports both the leader(s) and
the program. Again, such commitment is likely important
given competing priorities for the institution, and that
preparing future physics (or STEM) teachers does not
typically constitute the regular duties of any unit or person.
Support for the leadership team may take a variety of forms,
including a mandate to pursue PTE as part of one’s regular
teaching, research, and/or service, or establishment of
infrastructure supporting PTE (such as a STEM education
center or institute). Support for the program may also take a
variety of forms, such as salaries for undergraduate early
teaching experiences in physics or creation of faculty lines
for the specific purpose of supporting PTE.

The PTEPA rubric includes multiple items about specific
activities and structures that indicate institutional commit-
ment and strong leadership. In this way, the rubric offers a
means to document the extent to which thriving PTE
programs are associated with these supposedly necessary
features.

C. PTE programs should actively
recruit to increase participation

As stated earlier, there is a severe shortage of high school
physics teachers across the United States. According to one

major report, a likely factor contributing to these low
numbers is that “most physics departments do not carry out
substantial formal recruitment efforts specific to their PTE
program... Few [departments] directly encouraged students
to become high school teachers or sought and identified
students who had an interest in teaching” [2]. Another
report emphasizes the need to address misconceptions
about the teaching profession [11]. Such observations
suggest that PTE programs need to conduct active and
informative recruitment in order to increase participation,
including recruiting undeclared undergraduates and part-
nering with local school districts [12].

The PTEPA rubric includes multiple elements intended
to measure this kind of activity, supporting systematic
research to learn what recruitment activities various pro-
grams engage in and whether they actually result in
increased program participation.

D. PTE programs should offer strong disciplinary
preparation to support teacher effectiveness

There is robust agreement that disciplinary preparation is
critical for teacher effectiveness, including in physics
[5,13-18]. A report by the National Science Teachers
Association reviews the extensive literature arguing for
strong content preparation for science teachers, while
acknowledging that the evidence for specifics is limited
(e.g., what depth and breadth of content knowledge
teachers need) [19]. Another major report documents solid
support for subject matter knowledge for teachers, but
admits that it is unclear what constitutes adequate knowl-
edge [13]. The NRC report “Preparing Teachers” reem-
phasizes the lack of adequate research in this area, stating,
“We could find so little detailed information about that
preparation, that we cannot answer the question of how
well current practice fits the consensus standards” [5].

Pedagogical content knowledge is recognized as a
distinct category of disciplinary preparation, including
skills to teach using inquiry and a base in scientific
practices emphasized by current national science standards
[5,20]. These skills are not necessarily gained in upper-
division physics courses [5]; instead, some sources assert
that teachers should have significant discipline-specific
pedagogy experiences, such as multiple physics pedagogy
courses and field experiences in secondary classrooms in
that discipline [2,14,21-27]. Some empirical studies sup-
port the importance of teachers learning content through
inquiry [22,28]. Other sources say that the evidence
supporting the need for pedagogical content knowledge
is limited, and that it is not known whether coursework,
fieldwork, or student teaching is an effective means to
acquire it [13].

The PTEPA rubric supports documentation of what
disciplinary preparation different programs provide, with
items identifying both content preparation (e.g., whether
teachers graduate with a major in physics) and pedagogical
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preparation (e.g., pedagogical coursework and field work
accompanied by pedagogical reflection).

E. PTE programs should offer strong mentoring
to support application to classroom practice

Another area of consensus is that PTE programs should
offer strong mentoring experiences in the context of field
experiences and student teaching, to support the application
of lessons learned about teaching to actual classroom
practice. Multiple studies support the finding that cooper-
ating teachers, who host teacher candidates during field
experiences and supervise them during student teaching,
should be both good teachers and good mentors to support
their mentees’ learning [29,30]. Future teachers should
observe the kind of teaching that is required of them, and
coursework should be deliberately and tightly integrated
with field experiences and student teaching [14,31-33].
Other studies emphasize that both mentoring and field
experiences should be in the discipline to support contin-
uing application of physics-specific pedagogical knowl-
edge [14,29]. Mentoring strongly influences a student’s
eventual teaching style: one study even found that in
student teaching, the cooperating teacher’s mentorship
style, not their teaching practices, was the primary factor
in determining if the novice teacher would continue to use
the teaching practices promoted in their university-based
program [30]. Finally, mentoring after a student achieves
certification is important for retention in the profession: a
large longitudinal study shows that for teachers overall,
mentoring during the early years as a working teacher
increases the five-year retention rate by about 15% [34].

The PTEPA rubric reflects the literature’s emphasis with
multiple items about mentoring, including whether there is
a mentor with expertise in PTE, whether there is co-
ordination among the PTE mentor, university supervisor,
and cooperating teachers, and whether there is mentoring
during induction.

F. PTE programs may need other important
activities and structures to flourish

There are many other features of U.S. PTE programs that
seem to be important, based on the fact that successful U.S.
PTE programs have these features. For example, a pub-
lished set of case studies outlines many possibly important
features of PTE programs, including the learning assistant
experience, undergraduate research, an evidence-based
introductory course, active advising, and Teachers in
Residence [9]. The report of the Task Force on Teacher
Education in Physics [2] draws from literature and exam-
ples of programs to say what is important, including a
champion, collaboration between physics and education, a
sequence of physics pedagogy courses, and early teaching
experiences led by the physics department.

However, in many cases empirical studies are not
available to validate the importance of these features.
Instead, much existing research is in terms of exemplars:
descriptive studies of programs that model some desirable
aspects of physics teacher preparation. There has so far
been little opportunity for comparative studies of different
programs to learn which type is more effective for some
particular goal, or whether the presence of a particular
feature makes a measurable difference to a desired out-
come. For example, does an evidence-based introductory
course boost the number of eventual teacher graduates?
Does student community-building support teacher identity
formation? The PTEPA rubric supports measurement of
specific features of programs, supporting identification of
which activities and structures programs should have and
assessment of whether they have them.

III. METHODS: THE PTEPA RUBRIC

The PTEPA rubric was developed by examining liter-
ature and instruments to create a draft rubric, and then
applying that draft rubric in site visits (both virtual and in-
person) to § thriving programs. Thriving programs were
defined as programs at large U.S. institutions which
consistently graduate 5 or more highly qualified future
physics teachers each year, and thus were consistent
awardees of the “5+4 Club” award from PhysTEC. The
thriving programs chosen for this study were selected to be
diverse: Half had received PhysTEC funding in the past and
half had not, and the programs had a wide variety of
structures. The list of programs visited is shown below; an
asterisk indicates programs which had received PhysTEC
funding.

* University of Texas at Austin

 University of Colorado Boulder*

e Brigham Young University

* California Polytechnic University

e San Luis Obispo*

* Georgia State University*

e Rowan University*

* Rutgers University

* Stony Brook University

For each program, one of us (S.V.C. or R.E.S))
conducted a series of interviews over a two-day visit
(virtual or in-person), with a variety of program staff which
included program leaders, administrators, current and
former students, Teachers in Residence, course instructors,
partners in physics and education, and so on. The rubric
was iterated after each site visit, and again several times
once aggregate data were available across programs. Thus,
the rubric was developed to reflect an empirical description
of what was observed at these programs, rather than to
identify a priori best practices. More detail about the
development process is given in Refs. [1,3,4].
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The current version of the rubric consists of 89 items,
each with three levels (developing, benchmark, and “exem-
plary,” plus not present), with benchmark representing a
recommended level of achievement. Some of the items are
identified as “prevalent,” indicating that the majority of
thriving programs achieved at least benchmark level on the
item with some degree of certainty [3]. The items are
organized into six standards: (1) Institutional Commit-
ment, (2) Leadership and Collaboration, (3) Recruitment,
(4) Knowledge and Skills for Teaching Physics,
(5) Mentoring, Community, and Professional Support,
and (6) Program Assessment. Each standard has three or
four components within it that address specific subtopics.
The version of the rubric as of this writing is version 2.0
(released August 2018); the latest version can be obtained
at the website in Ref. [35].

In addition to ratings on the rubric, rich field notes were
taken from each program based on the interviews and other
documentation. These notes were coordinated into a body
of evidence for the ratings assigned on the rubric for each
program. These qualitative results, as well as the quanti-
tative analysis of ratings across programs, are analyzed in
this paper to provide insights into the practices of thriving
programs. Results reported here reflect the state of each
program at the time of the program visit; some program
structures and elements have changed since that time.
Program visit timing is identified for each program
in Ref. [1].

The PTEPA rubric reflects practices and structures of
PTE in the U.S. Other countries’ PTE programs share many
features with those of U.S. programs, including the
importance of training in physics content, pedagogy, and
nature of science, field work, and knowledgeable mentors
[24,36]; in these areas (most strongly represented in
standards 4 and 5), we might expect the PTEPA rubric
to align with both U.S. and non-U.S. PTE programs.
However, other features of PTE are often distinctively
different outside the U.S., and the corresponding parts of
the rubric may not align with non-U.S. PTE programs. For
example, in-service teachers’ prestige, salaries, and men-
toring opportunities vary widely among countries, which
would likely affect PTEPA rubric results for recruiting
practices (standard 3), early teaching experiences (standard
3), and mentoring and community support (part of standard
5). Additionally, PTE outside the U.S. is often based in
colleges or schools of education (or the equivalent) and led
by professionals who specialize in physics teacher educa-
tion [24], whereas in the U.S., PTE is most often led (or co-
led) by physics faculty: these differences might produce
different rubric results in standards 1 and 2. In a pilot
application of the rubric to a single program outside the
U.S., that program was rated similarly to thriving U.S.
programs in many areas, but lower than thriving U.S.
programs in recruitment activities, early teaching experi-
ences, and in-service mentoring, possibly because those

have a different relationship to the PTE program in its
social and institutional context.

IV. RESULTS: WHAT DO THRIVING PHYSICS
TEACHER EDUCATION PROGRAMS DO?

In what follows, the eight programs studied are mostly
referred to with anonymous identifiers (A—H). However,
each finding is also illustrated and supported with examples
from particular named programs.

A. Thriving programs are strong in multiple areas,
and the pattern of strength varies

Thriving programs are strong in multiple standards,
suggesting that such programs have a range of high-quality
practices and structures rather than excelling only in narrow
areas. Figure 1 shows the strength of each program in each
standard: for each program, standards in which 50%-75%
of the items were rated benchmark or higher are indicated
with a light gray box, and standards in which over 75% of
items were rated benchmark or higher are indicated with a
dark gray box. As shown in the columns of Fig. 1, seven of
the eight studied programs (A—G) have a majority of items
rated benchmark in at least five standards. Several pro-
grams also have a majority of items in multiple standards
rated as exemplary (not shown). These ratings are likely
positively biased in that the rubric was developed based on
the activities and structures at these very programs; future
thriving programs might not align so closely with the
rubric.

Our holistic observations of specific programs support
the finding that thriving programs are strong in multiple
standards. For example, the UTeach program at the
University of Texas-Austin is strongly supported at the
institutional level, including funding from both the College
of Natural Sciences and the College of Education to support
multiple Master Teachers and staff (standard 1). The PTE
program team is led by two faculty co-directors, one in
physics and one in education, with several members of the
team having substantial positional power (current or former
deans) and substantial expertise in physics or physics
education research (standard 2). Active recruiting mecha-
nisms include a free one-credit course that introduces
students to teaching as a profession by having them design
short lessons for elementary students (standard 3). Physics-
specific pedagogy is infused into otherwise STEM-broad
teacher education courses thanks to program staff with deep
expertise in physics and physics education research (stan-
dard 4). Multiple Master Teachers provide individual
advising, and the program advances supportive community
structures both among teacher candidates and with working
teachers (standard 5). The program also tracks a wide
variety of program metrics, including graduation and
persistence data, alumni feedback, and student learning
outcomes, and uses these data to inform continuous
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FIG. 1.

Percent of ratings at least benchmark level at each studied program for each standard. Percentages are calculated by adding the

percent benchmark and percent exemplary. Those for which 76% or more of items are rated at least benchmark are shaded dark gray;
those for which 50%—-75% of items are rated at least benchmark are shaded light gray.

improvement (standard 6). Thus, UTeach Austin demon-
strates strength across multiple areas of the rubric, as did
several other studied programs.

While thriving programs tend to be strong across
multiple standards, it is also evident from Fig. 1 that
different programs are strong in different standards (no two
columns are the same). Additionally, programs D, G, and H
have less uniformly positive ratings, showing that there is
variety in how thriving programs achieve their strength.
This variety among programs is consistent with the
literature on teacher education programs, which cited the
great variation among programs as a reason for the paucity
of empirical research [5].

B. The most consistent strength among thriving
programs is in institutional commitment,
leadership, and collaboration among
partners in education and physics

The first two standards on the rubric, Institutional
commitment and Leadership and collaboration, are con-
sistently strong among the studied programs. Figure 1
shows that all programs had a majority of items rated at
least benchmark in these two standards (those two rows are
entirely shaded), and that this is not true of any of the other
standards. Figure 2 shows the items on each standard
aggregated across all programs studied. Out of all items in
standards 1 and 2, 81% were rated at least benchmark in
standard 1, and 86% at least benchmark in standard 2. Very
few items were at the developing or not present level in
these standards. This finding is consistent with existing
research on PTE, which has emphasized the leadership

team and institutional commitment as critical features for
establishing and sustaining programs [2,7,9].

As supportive evidence for this finding, these rubric data
match qualitative observations of specific programs. For
example, at the University of Colorado Boulder, PTE is led
by a tenured faculty member with extensive expertise in
physics education and physics education research, engage-
ment in national PTE networks, and a national reputation
for leadership in STEM educational improvements. She is
supported by two Master Teachers, who are funded partly
by the institution and partly by an endowment. At Rowan
University, the PTE team has included the dean of the
College of Science and Mathematics, the Physics Depart-
ment chair, two other faculty in physics, and two Teachers
in Residence; multiple team members have decades of high
school teaching experience, and one is also a physics
education researcher.

Standards 4, 5, and 6 have similar patterns of ratings
across all programs studied, with each standard having 76%
of items rated at least benchmark (Fig. 2). The least
consistently highly rated standard is Recruitment, with
only 69% of items rated at least benchmark (Fig. 2), and
only two programs have 76% or more of the items rated
benchmark (Fig. 1, row 3). The recruitment standard
contains a great many items representing a wide variety
of recruitment strategies and markers (ranging from num-
ber of physics majors, to program reputation, to depart-
mental activity supporting student career exploration, to
availability and attractiveness of early teaching experien-
ces, to streamlined and accessible pathways to a teaching
career); given this diversity, not all items are likely to be
achieved at a high level at even a thriving program.
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FIG. 2. Percent of items rated at each level across all eight studied programs, by standard. From the left are shown not present (gray),
developing (light shaded), benchmark (medium shaded), and exemplary (dark shaded). Percentages are out of the number of available

ratings per standard (No. of items/standard x 8 programs).

Recruitment challenges experienced at many programs
include weaknesses in undergraduate physics teaching
(which can deter students from considering a teaching
career), physics faculty who discourage careers in physics
teaching, and the difficulty of attaining licensure within a
four-year degree program.

C. Thriving programs are consistently strong in specific
areas (rubric components)

Below, we describe some of the specific areas in which
thriving PTE programs are observed to excel. This analysis
is at the level of PTEPA rubric components. Components are
a particularly promising level for analysis in that they seem
to be more tightly focused than standards: data from the 8
thriving programs indicate that a majority of components
(11 out of 19) show consistent results across a majority of
items for a majority of programs, suggesting that they may
reflect relatively coherent concepts in PTE [3].

Figure 3 shows the ratings across studied sites, by
component. The most consistently strongly rated compo-
nents are 1C: Resources, and 2B: Program Team Attributes,
with over 90% of items rated at least benchmark; this is
consistent with the fact that standards 1 and 2 are the most
consistently strong standards. The strength of component
6C (Communication to Stakeholders) reflects the indication
that a strong institutional commitment (standard 1) is
generated and sustained by active and visible communi-
cation about the project [10].

The pattern of strong ratings on these components is
validated by the body of qualitative evidence from specific
programs. For example, the PTE program at Cal Poly San
Luis Obispo excels in component 1C (Resources) partly
because STEM teacher education is supported by substan-
tial, stable institutional funding for the personnel that run

the programs; there is also significant external funding,
dedicated space for the program in a central location, and
staff supporting day-to-day operation. Rutgers University’s
PTE program excels in this same component partly due to
its longevity, which creates visibility and a strong reputation
that draw students to the program, and has over time
produced a large number of local teachers to act as host
teachers for student teaching. The program at Georgia State
University is strong in component 2B (Program Team
Attributes) thanks to a leader with positional power (asso-
ciate chair) with broad knowledge of physics education,
supported by a co-leader in the College of Education and
Human Development, as well as a part-time Teacher in
Residence. Another example of strength in component 2B is
the program at Brigham Young University, led by a physics
faculty leader with decades of high school physics teaching
experience, in collaboration with a different full-time
Teacher in Residence each year who is loaned by a local
school district.

Several other components outside of standards 1 and 2
were also strongly rated: we discuss these below, in terms
of alignments to the teacher education literature. The
lowest-rated component overall is 3D: Streamlined and
Accessible Program Options, reflecting the difficulty of
satisfying the many requirements for both a physics degree
and licensure [37]. The next lowest-rated component is 5C,
In-service Mentoring and Support, possibly reflecting the
fact that most programs have only scant resources to
support program alumni.

D. Thriving programs are consistently strong
in specific activities and structures (rubric items)

In addition to addressing areas such as those described
above, teacher education programs should have certain
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1A: Institutional Climate and Support

1B: Reward Structure

1C: Resources

2A: Program Team Members

2B: Program Team Attributes

2C: Program Collaboration

3A: Recruitment Opportunities

3B: Recruitment Activities
3C: Early Teaching Experiences for Recruiting
Teacher Candidates

3D: Streamlined and Accessible Program
Options

PTEPA Rubric Components

4A: Physics Content Knowledge
4B: Pedagogy Courses and Curriculum

4C: Practical K-12 School Experiences

5A: Mentoring and Community Support Toward
a Physics Degree

5B: Mentoring and Community Support Toward
Becoming a Physics Teacher

5C: In-service Mentoring and Professional
Community

6A: Program Outcomes
6B: Program Evaluation and Improvement

6C: Communication to Stakeholders

FIG. 3.

NOT PRESENT

DEVELOPING BENCHMARK

EXEMPLARY

NOT PRESENT ‘
19% 38% 113% I
19% 16% 28%
16%  13% 13% 59%
13% 3‘}:6 41% 4%

Percent of items rated at each level

Percent of items rated at each level across all eight studied programs, by component. From the left are shown not present

(gray), developing (light shaded), benchmark (medium shaded), and exemplary (dark shaded). Percentages are out of the number

available ratings per component (No. of items/component x 8 programs).

specific activities and structures. These are represented at
the item level of the PTEPA rubric. About half of the items
on the rubric are prevalent, meaning that the majority of
studied sites achieved benchmark level (or higher) on those
items, with a high confidence of the validity of that rating
[3]. The prevalent items represent the practices and struc-
tures that are most common to thriving programs, and
therefore may be the most important to emulate. However,
prevalent items are subject to multiple caveats. For exam-
ple, one of the prevalent items measures future teachers’
engagement with a physics pedagogy course. The preva-
lence of this item may indicate that a physics pedagogy
course is common to thriving PTE programs and therefore
important to emulate. Alternatively, it may be that the
prevalence of this item is sensitive to the wording of the
scale points, the specifics of the prevalence selection
criteria, or the nature of the programs studied so far.
More research will be needed to learn the relationship
between prevalent items and effective program structures.

E. Thriving programs are not consistently strong
in all specific activities and structures
(rubric items)

At the item level, the thriving programs studied are not
uniformly exemplary. In fact, all thriving programs had
many items rated as not present or developing. As shown in
Fig. 4, the eight thriving programs studied so far had up to

18% of items rated as not present and up to 32% of items
rated as developing. Among all the studied programs, the
percentage of items rated benchmark or higher ranged from
66%-92%; the percentage rated exemplary ranged from
35%—T72%. Additionally, as shown in Fig. 2, some thriving
programs did not have a majority of items at benchmark level
within particular standards. This result reflects the reality that
(i) PTE programs vary widely in their activities and structures
and (ii) what works is likely context dependent, reflecting
local conditions at the institutional and state level.

To characterize the level of variability in rubric ratings
across thriving programs, we made use of a measure from
ecology, Simpson’s diversity index (SDI) [38], which mea-
sures the abundance of species (n; in our case, scale points) in
apopulation (N): SDI = 1 — > (n/N)?, where n is the total
number of times any of the four scale points is observed in an
item, component or standard across all programs studied, and
N is the total number of ratings available (N = 8 for an
individual item, or eight times the number of items in a
component or standard). The degree of “diversity” for the
rubric is the degree to which ratings on the thriving programs
are clustered on a single level (less diverse; lower SDI value)
or spread evenly across levels (more diverse; higher SDI
values). The SDI for our data ranges from O to 0.75, but was
normalized to range from O to 1.

The average SDI was 0.67 for rubric items, 0.80 for
components, and 0.84 for standards, and most SDI values
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FIG. 4. Percent of items rated at each level across all eight studied programs, on the entire rubric. Percentages are out of the number

available ratings per standard (No. of items total x 8 programs).

for individual items, components, and standards are close to
these averages. These results suggest that thriving program
ratings are generally spread fairly evenly across the scale
points, meaning that the studied programs have diverse
strengths on the elements represented by the rubric.

There are, however, a few exceptions of items on which
thriving programs were more strongly clustered (SDI
values at least two standard deviations lower than the
average): All programs received exemplary ratings on the
items “Personal Motivation to Improve PTE,” “Professional
Engagement in PTE,” “Physics Teaching Ambassador,”
and “Physics majors.” The fact that these items are areas of
strength for all of the studied programs suggests that they
may be necessary features of thriving programs.

V. ALIGNMENT OF THRIVING PROGRAM
STRENGTHS AND WEAKNESSES WITH
TEACHER EDUCATION LITERATURE

Many of the consistently strongly rated components and
items align well with what the literature says that PTE
programs should do, indicating that (i) the PTEPA rubric
measures activities and structures that are known to be
important, and (ii) overall, the studied thriving physics
teacher programs have the strengths that the literature says
they should have. Below, we revisit the areas of teacher
education literature that were described in Sec. II.

A. Institutional commitment and leadership

As stated above, the most consistent strengths among
thriving programs are in institutional commitment,

leadership, and collaboration among partners in education
and physics. These strengths are evidenced in the consis-
tently high ratings on standards 1 (Institutional commit-
ment) and 2 (Leadership and collaboration). Existing
research on PTE, in particular, has emphasized the lead-
ership team and institutional commitment as critical fea-
tures for establishing and sustaining programs [2,7,9]; thus,
this is a major area of alignment between the PTE literature
and the findings of this study.

B. Recruitment

The PTEPA rubric includes multiple elements intended to
measure recruitment activity at thriving programs, aligned
with the PTE literature. For example, component 3B includes
items such as whether the program includes a physics
teaching ambassador, whether students get accurate infor-
mation about the career benefits of teaching [11], and
whether the physics department exposes students to diverse
career options, including physics teaching [39,40]; item
6A-2 documents annual recruitment into the PTE program.
These elements are consistently strong at the studied sites, as
the teacher education literature suggests that they should be.

Component 3A, Recruitment Opportunities, is also
relatively strong across studied programs. This component
addresses whether there are structures present that enable
significant recruitment, such as a large pool of physics
majors or physics-aligned majors and a strong recruitment
network. Literature in PTE suggests that among all PTE
programs, only a small fraction of the variation in the
number of PTE program graduates is attributable to
program size [2]; our data suggest that among thriving
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Component 4B: Pedagogy Courses and Curriculum

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

80%

Percent of items

60%
40%
20%

A B C D

BENCHMARK
s EXEMPLARY

60%

40%

20%

E

Thriving program

FIG. 5.

Percent of items in component 4B rated at benchmark level (light gray) or exemplary level (dark gray) at each of the studied

programs (A—H). Percentages are out of the number of items in component 4B, which is five.

programs, a large pool of physics majors may yet be an
important piece of institutional context. Having such a
recruitment pool and network available is important for
generating many future physics teachers, and is distinct
from the active and informative recruitment activities that
PTE programs need to do to increase participation [12].

C. Disciplinary preparation

The PTEPA rubric documents disciplinary preparation in
terms of both content knowledge and pedagogical content
knowledge, both of which are major emphases in research
on teacher education [5,13,15-18] and research on
PTE specifically [14]. Component 4A, Physics Content
Knowledge, includes whether a physics minor or equiv-
alent is required for physics teacher candidates (item 4A-1,
Physics Degree for Teacher Candidates); this item is
prevalent, suggesting alignment with the PTE literature.
However, other items in that component are less strong
(4A-2, Introductory Physics Course Pedagogy, and 4A-3,
Student Research for Teacher Candidates), suggesting
either that thriving programs do not reliably ensure that
physics teacher candidates have strong physics content
knowledge or that those items do not actually represent the
elements of content knowledge preparation for those
programs.

Pedagogical content knowledge is measured by an array
of items in component 4B, Pedagogy Courses and
Curriculum, and 4C, Practical K-12 School Experiences.
Component 4B has 75% of items rated at least benchmark
across the studied programs and 4C has 87% (Fig. 3),
suggesting that this study aligns with the PTE research in
this area. However, there is a lot of variability among
programs: Figure 5 shows that in component 4B, studied
programs ranged from 20% benchmark (and no exemplary)
to 100% exemplary, with many other combinations in
between. This may reflect the diverse means by which

programs pursue pedagogical content knowledge for
their teacher candidates: for example, Rutgers University
emphasizes disciplinary content in certification coursework
(Item 4B-3), while the University of Colorado emphasizes
participation in learning assistant programs (Item 4B-5). In
practice, we found a wide array of pedagogical preparation
structures at the studied sites, and found it particularly
challenging to reflect this diversity in a concise set of items.
For example, when pedagogy courses are located in the
college or school of education, there may either be limited
opportunity for physics-specific pedagogy (as at some
institutions in this study), or there may be deep integration
of physics pedagogy into certification courses (as at
Rutgers University).

D. Mentoring

The PTEPA rubric reflects the literature’s emphasis on
mentoring through multiple elements, including both men-
toring toward becoming a physics teacher (component 5B)
and mentoring during induction (component 5C). In addi-
tion, component 4C (Practical K-12 School Experiences)
includes items describing the quality of cooperating teachers
and the university supervisor for field experiences. Com-
ponents 4C and 5B are consistently strong in the studied
programs (Fig. 3), suggesting that what these thriving PTE
programs do is in alignment with the teacher education
literature. Component 5C is less strong across programs (see
Fig. 6), reflecting the reality that most PTE programs have
limited resources for supporting teachers during induction. In
general, more established (e.g., longer-running, institution-
ally supported) programs have stronger induction practices,
suggesting that this kind of activity may be developed by
mature programs in response to the needs of growing pools of
alumni. However, this activity may be influenced by local
conditions, such as whether teacher induction is supported by
state agencies (as in New York).
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Component 5C: In-service Mentoring and Professional Community
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FIG. 6. Percent of items in component 5C rated at benchmark level (light gray) or exemplary level (dark gray) at each of the studied
programs (A—H). Percentages are out of the number of items in component 5C, which is four.

VI. SUMMARY, LIMITATIONS,
AND FUTURE RESEARCH

The Physics Teacher Education Program Analysis rubric
characterizes the practices and structures observed at
thriving programs, supporting inquiry into which features
of U.S. PTE programs are important for success in which
contexts. Initial application of the PTEPA rubric to eight
thriving programs demonstrates that (1) thriving programs
are strong in multiple areas (standards and components),
and the pattern of strength varies across programs; (2) the
most consistent strengths among thriving programs are in
institutional commitment, leadership, and collaboration
among partners in education and physics (standards 1
and 2); (3) thriving programs are strong in some of the
specific elements (components) indicated by the PTE
literature; (4) thriving programs are consistently strong
in certain specific activities and structures (the prevalent
items); and (5) thriving programs are not strong in all
specific activities and structures (items).

Significant limitations of this study include the fact that
there are very few thriving PTE programs (about 27 that we
were aware of at the time of the study), meaning that there
is a limited basis for generalizations. Another limitation is
that only eight of the known thriving programs were
studied: we selected for large programs, programs whose
teacher graduation rate was steady or increasing, and for a
mix of programs that had and had not been funded by
PhysTEC. Including different programs in the study,
including those at smaller institutions, might have shaped
the rubric differently. We also did not control for differing
state requirements (such as single subject licensure) which
likely has a strong impact on local program structure. All
eight programs studied are U.S. institutions; this aligns with
the purpose of the study, but limits our findings to PTE in
the U.S.

Future research will be greatly enriched by programs that
use the PTEPA rubric and share their ratings with
PhysTEC, as well as collaboration with a wide range of

research partners with varied interests and skills. Some of
this research should be aimed at continuing to improve the
PTEPA rubric to better support research (e.g., whether there
are missing items, whether the rubric is reliable for self-
study, modifying the rubric for valid use at smaller
institutions, or whether there ought to be a minimum
number of items per component to enhance reliability).
Other research has strong potential to guide future PTE
program development, such as the following:

What are the most common program features across the
U.S.?—Identifying prevalent items with confidence would
tell us which features are successfully created and sustained
by a variety of programs, which would indicate their
feasibility for programs under development. Such research
might also reveal whether certain elements of the PTEPA
rubric tend to appear together (and therefore are likely
related), and whether there are common patterns of PTEPA
rubric results (perhaps associated with distinctive types or
“profiles” of PTE programs, such as STEM-broad or
physics specific, or undergraduate-only versus graduate
programs).

What is the influence of context (department, institution,
state) on the features of strong programs?—The PTEPA
rubric might allow comparisons between program locations
(physics department versus colleges or schools of educa-
tion), models (UTeach versus PhysTEC), types of institu-
tion (liberal arts institution versus research university), or
broader contexts (states with composite certification versus
single-subject licensure). Learning the influence of context
would help programs prioritize activities to support the
highest possible physics teacher graduation rate and help to
better differentiate between different certification path-
ways. Application of the rubric to non-U.S. programs
could also help to elucidate the differences between the
U.S. and other countries in terms of PTE.

To what degree are the features we think are necessary
for graduating teachers actually necessary?—The most
desirable area of PTEPA rubric research would link specific
rubric elements (standards, components, or items) to high
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teacher graduation rates, potentially challenging accepted
wisdom about which features are really needed. Such
predictive validity would allow the rubric to provide
significant guidance to teacher education programs. For
example, what recruitment activities actually result in
increased participation? What should large STEM-broad
teacher preparation programs do to increase their numbers
of physics teacher graduates specifically? Addressing these
research questions would help the community place its
effort where it will have the most impact.

The PTEPA rubric is at the beginning of its usefulness as
a tool for research and systematic improvement of PTE
programs. Future research should both increase its validity
and expand the associated knowledge base.
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