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Physics, as a foundational science, has particular importance in predicting the postsecondary success of
students who major in science, technology, engineering, and mathematics. This quasiexperimental,
observational study examined teacher-level and school-level predictors of student performance in physics,
with a focus on isolated teachers. A New York State case study is useful since the teacher certification
policy is largely determined at the state level in the U.S. The overall sample included New York State public
schools that offered physics (N ¼ 960), physics teachers (N ¼ 1584), and student physics test takers
(N ¼ 47 734) in the academic year 2016–2017. Teacher-level variables included the content preparation
and certification of physics teachers, physics course load, professional age (years of experience), whether
the teacher was isolated, whether the teacher taught mathematics, and whether the teacher taught Advanced
Placement Physics; and school-level variables including physics standardized test passing rates, school
size, socioeconomic status, locale, and physics course taking ratio. Data were collected from a variety of
publicly available sources that were verified by state education agencies. Results indicated a significant
proportion (40%) of physics teachers were isolated, and their students tended to have weaker physics
performance scores than students of nonisolated teachers. Compared to the nonisolated teachers, a larger
percentage of isolated physics teachers were uncertified in physics and taught in urban and rural schools.
There was no significant difference in professional age between isolated and nonisolated teachers, but
urban teachers had less teaching experience than suburban and rural physics teachers. When analyzing the
subset of isolated teachers (n ¼ 449), a multiple linear regression model indicated urban locale and school-
level socioeconomic status were the main negative predictors of student physics performance, while rural
physics locale and professional age were positive predictors of physics performance; the model explained
38% of the variance, a large effect. Teaching experience acted as a mediator of poverty and urban locale in
predicting student physics performance with a small effect size. Implications related to equity consid-
erations and physics education policy are discussed.

DOI: 10.1103/PhysRevPhysEducRes.16.020117

I. INTRODUCTION

A. High school physics access and course taking

Precollege physics has been identified as an important
gateway course for post-secondary science, technology,
engineering, and mathematics (STEM) study and perfor-
mance, as it is regarded a foundational science that
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contributes to overall science literacy and preparedness
[1–3]. Research has shown that students who took more
advanced science courses in high school were more likely to
attain a STEM degree in college [4]. Students who took a
quantitative physics course during high school earned a
STEM degree at a rate of approximately 18.7%, nearly
twice as often as those whose most advanced science was
chemistry, receiving a STEM degree at a rate of only 8.8%
[2]. Students who enrolled in one or two years of physics in
high school have also demonstrated significantly higher
STEM career interest and attainment, as opposed to those
who only took a second course in a science other than
chemistry [5].
Although the importance of high school physics course

taking has been well established, contextual factors that
have influenced physics accessibility, participation, and
performance have received less attention in prior research.
Over the past thirty years, there has been continued growth
in the number of physics courses offered in addition to an
increase in the number of students taking physics. The
American Institute of Physics (AIP) estimated that 39% of
high school students completed a physics course before
graduating in 2013 [6]. However, physics participation has
varied by ethnicity and socioeconomic status. The propor-
tion of Black and Latino students enrolling in high school
physics in 2013 was less than 30% [7]. According to the
National Science Board, students in the lowest socioeco-
nomic status quintile were less likely to take a physics
course than students in the highest quintile (32% vs 56%,
respectively) [8].
Several studies have indicated that access to physics

courses is inequitable when considering race and class
[9–12]. The U.S. Department of Education reported that
physics was offered in 60% of all U.S. high schools in
2015–16, yet available in only 51% of high schools with
high Black and Latino enrollment [13]. Similar disparities
exist for low socioeconomic schools, where physics overall
and Advanced Placement Physics have been offered less
frequently than in better off schools [9,14]. These data
suggest that exploring physics accessibility and perfor-
mance across contextual factors may provide insights on
more equitable physics teaching and learning in U.S. high
schools.

B. Physics teacher qualifications and course load

While physics access and enrollments are important
factors in increasing student preparedness for post-
secondary STEM study, the prevalence of underqualified
teachers in the physical sciences is also a concern [15–17].
Darling-Hammond [18] identified teacher-level factors that
impact student performance in STEM, including degree in
the field taught, certification status, teaching experience,
and subject matter knowledge. AIP defined a physics
specialist as a teacher who earned a degree in physics or
physics education, had at least five years of high school

teaching experience, taught physics for at least half of their
teaching career, and was teaching physics at the time of the
AIP 2012 survey. Just 60% of physics teachers reported
themselves as physics specialists in 2012–13, with the other
40% reporting they primarily taught courses in other
disciplines [12]. The average percentage of physics courses
taught in a physics teachers course load increased from
44% to 60% from 1993 to 2013. However, it has been
estimated that only 40% of physics teachers held a degree
in either physics or physics education, suggesting 60% of
physics teachers had only a basic level of physics knowl-
edge and pedagogical expertise [19].
A recent longitudinal study indicated that nearly 50% of

physics teachers who took the Praxis exam in 40 states held
a certification within physics (in-field), 40% held a certif-
ication in teaching but not in physics (out of field), and 10%
held a nonregular certification or no certification in teach-
ing (out of field) [16]. However, several heavily populated
states did not require the Praxis exam (e.g., Texas, Florida,
California, and New York) so many physics teachers were
left out of the sample.

C. Physics teacher isolation

Physics is set apart from other STEM disciplines for
several reasons, one being the frequent isolation of physics
teachers. Isolation can be defined as a practitioner being the
only physics teacher within a particular school. Nearly 80%
of high schools that offered physics in 2008–09 had only
one physics teacher [20]. This implies that many newly
hired physics teachers do not have access to a mentor in the
same subject in the same school. Although electronic social
networks have alleviated some of the issues associated
with physics teacher isolation, only 17% of isolated
teachers felt they had adequate opportunities to collaborate
with other physics teachers. Isolated physics teachers have
been less likely to join professional organizations than
teachers who work in high schools with more than one
physics teacher [20].
Additionally, physics teachers often do not exclusively

teach physics due to relatively low enrollment in physics
courses [19]. In a study of isolated chemistry teachers, data
revealed that these teachers were less experienced, less
likely to be certified in chemistry, and more likely to work
in high needs schools [15]. Novice teachers in the subjects
of physics, chemistry, physical science, geometry, and
biology displayed an improvement in their teaching effec-
tiveness with more years of teaching experience [21].
Research has suggested that professional isolation among
teachers may relate to increased occupational stress, per-
ceptions of inadequate administrative support, and teacher
attrition [22–24].

D. State-level case study rationale

A common limitation among research studies in physics
teacher preparation, school characteristics, and student
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performance is the lack of contextual specificity. Studies
have often been conducted using data from national datasets
or self-reported survey data (for example, Refs. [12,16,19,
20]). These studies also tend to have an “averaging effect”
which often mask widespread variations among different
states. The U.S. educational system is somewhat disjointed
given educational policies aremost often dictated at the state,
county, and district levels. Decentralized school governance
is often more responsive to community needs and fiscal
accountability, however, this often results in variations in
curricula [25]. There is a need for state-level case studies in
order to understand localized contextual factors and their
interplay with state policies and student performance. Data
for these are now much more readily available at the state
level as a result of the accountability requirements of the No
Child Left Behind legislation in 2002.
A persistent state-level issue is the lack of qualified

teacher supply, and states establish their own licensure
requirements [26,27]. Science teachers leave the field at
relatively high rates, particularly novice teachers [27,28].
Strengthening teacher retention in STEM fields is vital as
it helps reduce teacher shortages and retain more qualified
teachers [29]. In response to the chronic shortage of physics
teachers, states may set different requirements for certif-
ication. While teachers may be considered to be qualified
in some states, the same teachers may be considered
unqualified in other states, removing the generalizability
of research findings and subsequently masking the wide
variations among states [15].

E. Research questions

The present study examined several issues related to high
school physics, specifically, teacher-level and school-level
variables that may influence physics accessibility, partici-
pation, and performance. The research questions included
the following:

1. What is the extent of professional isolation of New
York State physics teachers?

2. How do physics performance and contextual char-
acteristics compare in high schools with isolated
teachers vs schools with multiple physics faculty?

3. When considering school contexts, how are physics
availability, physics course taking, and the course
load of physics teachers differentiated?

4. When examining the students of isolated physics
teachers, what school and teacher characteristics
predict and mediate physics performance?

II. THEORETICAL FRAMEWORK

The framework for this study was a composite of
theoretical constructs related to (i) workplace tensions
for physics teachers, and (ii) equity concerns for physics
students. In exploring physics accessibility, course taking,
and performance on a statewide scale, it was hypothesized

that contextual disparities would be evident. Consequently,
school-level, teacher, and student factors that may have
contributed to inequitable physics performance were iden-
tified based on recent literature.

A. Workplace tensions for teachers

Physics teachers have often experienced workplace
tensions associated with several contextual constraints,
including isolation, teaching out of field, and turnover.
The pervasive nature of professional isolation for physics
teachers, evidenced by the average 80% of U.S. high
schools that employed a single physics teacher [20],
may result in stressful working conditions associated with
pedagogical content knowledge development and sense of
inadequacy [22,23]. The high occurrence of out-of-field
teaching in physics [19] suggests that isolation may be
further exacerbated by a lack of mentoring and peer
coaching that is more commonly experienced by teachers
in schools with multiple physics specialists. Frequent
socialization with other domain specialists often provides
the motivation and resources for advanced development of
subject matter expertise [30].
Since physics enrollments have increased over the past

30 years, and physics teachers have retired faster than new
physics teacher graduates could replace them, there has
been a persistent shortage of physics teachers in many
states [31–33]. Also, the physics teachers have, on average,
fewer years of teaching experience [16]. Consequently,
physical science teaching positions have often been filled
by teachers with primary certifications in other STEM
disciplines [17]. The question of whether these workplace
tensions relate to students’ physics performance is an
important issue when considering how education reforms
might improve STEM performance and career participation
in the U.S.

B. Equity concerns for students

Students have often experienced inequitable conditions
when considering their participation and performance in
physics, including concerns related to physics accessibility,
resource allocation, and school-level poverty.
The estimates for physics course availability in the U.S.

was 60% of all schools [13], however, this figure varies
widely from state to state [34] and by socioeconomic
factors. High poverty schools with large numbers of
students traditionally underrepresented in STEM have been
less likely to offer physics courses [9,13,14]. Factors
contributing to this disparity have often been tied to
resource allocation, such as the availability of laboratory
materials, counselors recommending physics course taking,
and mathematics remediation for low performing students
[35]. Pressures associated with standardized testing have
also been linked to limited instructional time and inad-
equate access to physics courses, particularly in high need
schools [20,23,35].
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The role of these equity concerns in physics teaching and
learning is a critical issue to examine in targeting reform
efforts towards students and teachers in specific contexts.
High school, undergraduate, and graduate physics pro-
grams, as well as STEM careers, are all characterized by a
disproportionately low representation of students of color
[7,36–39]. In precollege settings, these traditionally under-
represented students in STEM comprise a disproportion-
ately high percentage of students attending high need
schools [40]. This necessitates a careful examination of
the role of poverty in predicting student performance when
combined with other correlating factors.
The theoretical framework for the present study is

represented in Fig. 1.

III. DESIGN

The present study employed a quasiexperimental, correla-
tional design [41] in examining data from New York State
public schools (N¼960), physics teachers (N¼1584),
and student performance as measured by a standardized
high-stakes physics examination (N ¼ 47 734). This was
a census study of public-school physics teachers in New
York State in the academic year 2016–17. Data used in
the study were not self-reported but were taken from
publicly available and verified state databases. The
purpose of this study was to explore the extent of
physics course taking and physics teacher isolation, and
identify how student performance in physics differed
based on a school’s contextual variables as well as
teacher-level variables.

A. Context

According the New York State Education Department,
during the 2016–17 school year there were 2 629 970
students enrolled in the K–12 public school system. Of all
students in K–12, 44% of all students were White, 26%
were Hispanic or Latino, 17% were Black or African
American, 9% were Asian or Native Hawaiian/Other
Pacific Islander, 2% were Multiracial, and 1% were
American Indian or Alaskan Native. Additionally, 9%
of all students were English language learners, 17% had

disabilities, and 55% were economically disadvan-
taged [42].
In terms of science, students in New York State tended to

perform at a higher level on the ACT Science examination
when compared to national data (54% reaching college
readiness benchmark vs 39%), indicating somewhat greater
preparation for success in post-secondary science course-
work [43]. Students in the state were required to take
biology (known as living environment) before graduating,
along with one credit in a physical science, which could be
earth science, chemistry, or physics [44]. In the 2016–17
academic year, statewide testing data indicated 241 338
students took the living environment exam, 154 042 took
earth science, 105 639 took chemistry, and 47 905 took
physics. These annual course taking patterns were typical
in the state [45].

B. Data collection

Several New York State Education Department data
sources were utilized to identify high schools that offered
physics, school characteristics, and student performance
during the 2016–17 academic year (Table I). Sources
included the Basic Education Data System; New York
State Report Cards, where data were reported for the state
as a whole, and for each county, district, and school [45];
and the New York Teacher Certification Database [46].
All data were publicly available, and cross verified among
the schools and the state. Additionally, the Common Core
of Data was used for the locale designation for each
school [47].

C. Operational variables

The operational variables in the present study included
several school-level and teacher-level characteristics. The
dependent variable was schoolwide physics performance;
this variable was reported in aggregate since individual
scores were not made available by the state. School-level
independent variables included socioeconomic status,
school locale (urban, suburban, rural), physics test-taking
ratio, school enrollment, and types of physics courses
offered. Teacher-level variables included whether or not
the teacher was isolated, certification status, professional
age (years of experience), and several aspects related to
physics teaching load. These variables are described in
detail below.

1. Physics performance

In the present study, student performance was based
upon the results of the statewide standardized examination
in physics. The college-preparatory physics course, known
as Regents Physics, followed the state mandated Physical
Setting/Core Curriculum in Physics, which surveyed the
major areas of physics including mechanics, electricity,
magnetism, optics, and modern physics. Students were

FIG. 1. Theoretical considerations for examining the challenges
of teaching and learning physics in high school contexts.
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required to complete a minimum of 1200 min of hands-on
laboratory work prior to taking the examination [48].
Examination grades were based upon a scale that converted
students’ raw scores to a grade between 0 and 100. To pass
the examination, students needed to earn a scaled score of
65 or higher. In the present study, the performance of
students in physics was based upon the percentage of
students who earned a scaled score of 65 or higher in a
particular school.

2. School-level variables

Socioeconomic status was based on the percentage of
students within a school who qualified free and/or reduced
lunch according to federally designated criteria [49].
School sizewas based upon the number of students enrolled
in grades 9–12. Physics test-taking ratio indicated the
percentage of students taking the high stakes physics
examination in grades 9–12 as a proportion of the school’s
population in those grades. This was used as an indication
of the prevalence of physics course taking within the
school. School locale was defined as urban, suburban, or
rural; these designations were based upon population
density, distance from metropolitan centers, and needs to
resource capacity, as determined by the U.S. Department of
Education [47].

3. Physics course type

During the 2016–17 school year, there were 1257 high
schools and 960 (76.4%) that offered at least one type of
physics course (college-prep, Advanced Placement, and
other physics.) The BEDS database listed five unique
stand-alone physics courses and did not include courses
in physical science [45]. The most commonly taught course
was the standardized college-preparatory physics.
The Other Physics category encompassed all courses

that did not fit into the five other physics course codes. It
often includes courses such as SAT II physics, International
Baccalaureate (IB) physics, applied physics, or conceptual

physics courses. This category did not have standardized
curricula.
Advanced Placement (AP) Physics B was the third

category. As of 2014, this course was modified into two
distinct courses—AP Physics 1 and AP Physics 2—how-
ever, schools could only report it as AP Physics B in 2016–
17. AP Physics B, as well as AP Physics 1 and 2, were
equivalent to an algebraic introductory college physics
course [50,51]. The College Board indicated that 10 582
students took AP Physics 1 in New York State in 2016–17
[52], an algebraic course in mechanics, basic electrostatics,
simple dc circuits, and mechanical waves and sound. The
College Board also indicated that 1629 students took AP
Physics 2 in 2016–17 [52], an algebraic course in fluid
mechanics, thermodynamics, electrostatics, electric cir-
cuits, magnetism and electromagnetism, optics, and
modern physics. In some schools, AP Physics 1 was taught
in conjunction with college-preparatory physics, and in
some cases, it may also have been taught in conjunction
with AP Physics 2 during a single academic year.
The final two courses were AP Physics C Mechanics and

AP Physics C Electricity and Magnetism, equivalent to
college-level introductory calculus-based physics courses
[53,54]. In New York State, AP C Mechanics and
Electricity and Magnetism were often found combined
into a single academic year course [52]. Additionally, AP C
Mechanics was sometimes taught as a first-year course in
lieu of AP Physics 1.

4. Teacher-level variables

Physics teacher isolation was a categorical variable
distinguishing physics teachers of any physics course
who were the only physics teacher in the school (isolated),
as opposed to physics teachers who taught in schools with
multiple physics teachers (nonisolated).
Professional age was the number of years since the first

teaching certification was awarded; this continuous varia-
ble served as a proxy for physics teaching experience.

TABLE I. Data sources.

Data source Information provided

Basic Education Data System
(BEDS)*

List of physics teachers, their schools, types of physics courses taught (College Prep,
AP B, AP C Mechanics, AP C Electricity & Magnetism, or Other), types of science
and mathematics courses taught (Biology, Earth Science, Algebra 1, etc.), number of
students enrolled in each courses, number of sections of each course taught.

New York State School District
Report Card

Student population (grades 9-12) in schools where physics was taught. Number of
students tested on the standardized physics exam and passing rate per school. Free
and reduced lunch percentages.

Teacher Certification Database Teacher certification(s) held: subject, type (primary or secondary), date conferred.
Common Core of Data Locale designation for each school district in New York State: urban, suburban, rural.

*BEDS data were collected in October in the beginning of the 2016–17 academic year. Students may have dropped the course, teachers
may have gone on leave, etc.
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Physics certification was identified by a series of
categorical variables to distinguish among the following:
(i) primary certification, typically awarded to teachers with
a physics major or its equivalent; (ii) secondary certifi-
cation, for those who had earned at least 18 physics credits,
had passed the Physics Content Speciality Test, and had
previously been certified in another subject (typically
science or mathematics); and (iii) those with no physics
certification (nonphysics certified).

D. Data analysis

The main database included all public school physics
teachers in New York State for the 2016–17 academic year
and was used to generate descriptive statistics on physics
course offerings, physics course taking, physics teacher
characteristics, and school-level characteristics.
To examine potential differences in student performance

between schools with isolated teacher and nonisolated
teachers, a subset of the main database that included only
schools reporting scores for the state physics examination
in 2016–17 was utilized. In order to protect students’
confidentiality, the state suppressed the passing percentages
of any schools that tested fewer than five students. A total
of 62 schools had suppressed scores—29 rural, 12 sub-
urban, and 21 urban. Of these schools, 47 had an isolated
physics teacher, resulting in suppressed scores for
28 (10.2% of) rural schools, 6 (1.7% of) suburban schools,
and 15 (5.5% of) urban schools. Scores were suppressed for
171 students, which represented less than 1% of all students
tested in physics—83 from rural schools, 29 from sub-
urban, and 59 from urban. Additionally, some schools
offered physics courses in alternating years or simply did
not offer the course at all; these schools were excluded from
the analyses. Consequently, the present study examined a
sample of 720 schools—260 with nonisolated physics
teachers and 459 with isolated physics teachers.
Descriptive statistics were generated, and comparisons of

means were assessed to compare student performance in
physics for students of isolated teachers who taught
college-prep physics and students of nonisolated physics
teachers who taught the same course. These teachers were
chosen since the outcome of student performance was the
standardized exam for college-prep physics.
In order to study collective predictive value of the

teacher-level and school-level variables, a subset of the
main database including only isolated teachers who had
associated physics student performance scores were used,
as these teachers could be tied directly to their students’
scores. This subset was also utilized to study the potential
predictors of student performance in physics. Zero-order
bivariate correlations were generated to identify predictor
variables with significant relationships with student physics
performance (p < 0.05). Multiple linear regression was
employed to identify teacher and school-level variables that
collectively predicted student performance in college-prep

physics coursework. Mediation analysis [55] was used to
identify teacher characteristics that may have lessened the
potential effect of socioeconomic variables on student
performance.

IV. RESULTS

A. Characteristics of isolated and nonisolated
physics teachers

1. Prevalence of isolation

In 2016–17, there were 1257 public high schools in the
state, of which 960 (76%) offered at least one course in
physics. This result contrasts somewhat with a prior survey
report that suggested much higher levels of physics avail-
ability nationally (90%–97%, depending on school-level
socioeconomic status) [7]. Overall, there were 1584 teach-
ers who taught at least one physics course. Of these
teachers, 641 (40%) were isolated while the majority of
them (60%) worked in schools with at least one other
physics teaching colleague (see Fig. 2). The distribution of
physics teachers across the schools is shown in Fig. 3. The
most common numbers of physics teachers in schools were
one and zero with 938 schools having one or no physics
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FIG. 2. Number of physics teachers in schools that taught
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FIG. 3. Frequency of schools with isolated physics teachers in
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teachers. Notably, 67% of the schools that offered physics
had an isolated teacher.

2. Teaching experience of isolated vs nonisolated teachers

The average professional age of isolated physics teachers
was 14.3 yr (SD ¼ 8.9 yr) and the average professional age
for nonisolated teachers was 14.7 yr (SD ¼ 9.6 yr). An
independent samples t test indicated there was no signifi-
cant difference in teaching experience between the two
groups (p ¼ 0.367). The distribution of physics teachers
by professional age is represented in Fig. 4. The largest
group of physics teachers had less than five years of
teaching experience. This pattern was observed for isolated
physics teachers, as well. The mean professional age of
urban teachers was 11.0 years (SD ¼ 8.2 yr), suburban
teachers had a mean professional age of 16.5 yr
(SD ¼ 9.0 yr), and rural teachers had a mean professional
age of 16.1 yr (SD ¼ 9.4 yr).
Isolated teachers who did not teach students who

took the standardized statewide college-prep physics
exam were removed from the sample for data analysis
on student performance. An independent samples t-test
comparison of the mean student passing percentage on a
high-stakes physics examination indicated that students in
schools with nonisolated teachers (N ¼ 260, M ¼ 79.64,
SD ¼ 17.11) outperformed students in schools with iso-
lated teachers (N ¼ 459, M ¼ 75.29, SD ¼ 25.46) on the
physics examination with a small effect size, [tð696.572Þ ¼
2:732, p < 0.01, Cohen’s d ¼ 0.20].

Isolated college-prep physics teachers were selected for
more in-depth analysis since their students did not perform
as well as students of nonisolated teachers, and their student
performance outcomes could be directly related to teacher-
level variables. Students of nonisolated teachers were
reported as an aggregate school-level passing percentage,
which masked individual differences among these teachers.

3. Certifications of isolated vs nonisolated teachers

The certifications of physics teachers throughout the
state were identified in terms of primary, secondary, and
noncertified categories. Overall, 77.0% of all physics
teachers were certified in the subject, including 57.5%
with a primary license (degree or equivalent in physics) and
19.5% with a secondary license (at least 18 credits in
physics). The remaining 23.0% of physics teachers did not
hold a license in physics. For the isolated teachers, 69.3%
were certified in physics, 50.2% held a primary certifi-
cation, and 19.0% held a secondary certification. A larger
percentage (29.7%) of the isolated teachers were uncerti-
fied than their counterparts. These descriptive data are
summarized in Table II.

4. School locale, physics teacher certification,
and physics participation

The physics teachers were categorized by the locale of
their schools (urban, suburban, rural). Most schools
(37.1%) were suburban, yet these schools employed a high
proportion of all physics teachers (46.5%) and a dispro-
portionately low proportion of isolated physics teachers
(25.4%). Rural schools employed the lowest percentage of
all physics teachers (19.1%) and the largest percentage of
isolated physics teachers (39.9%). Isolation among teachers
was most prevalent in rural schools with 84.5% of rural
physics teacher teaching in isolation, followed by 40.8% of
urban teachers and 22.1% of suburban.
Physics participation was also analyzed by locale, and

this was determined by the approximate percentage of
eligible physics students (based on population of 12th
grade students) who completed the college-preparatory
physics course. Overall, 41.3% of high school students
took college-preparatory physics, slightly higher than the

0

50

100

150

200

250

300

350

0 - 5 6 - 10 11 - 15 16 - 20 21 - 25 26 - 30 31 - 35 Over 35

N
um

be
r 

of
 T

ea
ch

er
s

Professional Age

All Teachers Non-isolated Isolated Teachers
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TABLE II. Certifications of isolated and nonisolated physics teachers.

Teacher-level certification variables
Nonisolated physics

teachers (%)
Isolated physics
teachers (%)

All physics
teachers (%)

Total number of teachers 943 641 1584
Teacher is certified in physics 776 (82.3) 444 (69.3) 1220 (77.0)
Teacher holds a primary license
(degree in physics or equivalent)

589 322 911

Teacher holds a secondary license
(18þ physics credits after licensed in other subject)

187 122 309

Teacher is uncertified in physics 167 (17.7) 197 (30.7) 364 (23.0)
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national average of high school physics participation [6].
Suburban schools had the highest rate of physics partici-
pation (44.4%), followed by urban (40.4%) and rural
(33.5%) schools.
These descriptive data are summarized in Table III.
Teacher certification was also examined by locale. In

urban schools, only 57.6% of all physics teachers and
53.6% of the isolated urban teachers were physics certified.
In the rural locale, 76.3% of all physics teachers and 73.4%
of the isolated teachers were certified in physics. In the
suburban schools, 91.5% of all teachers and 83.4% of the
isolated teachers were certified in physics.
In summary, there were several notable differences

between isolated and nonisolated physics teachers. A
significant proportion (40.5%) of physics teachers were
isolated, and their students tended to have lower physics
performance scores than students of nonisolated teachers.
Compared to the non-isolated teachers, a larger percentage
of isolated physics teachers were uncertified in physics.
Isolated physics teachers were more common in urban and
rural schools than suburban schools. There was no signifi-
cant difference in professional age between isolated and
nonisolated teachers.

B. Descriptive statistics on physics
teaching and course taking

1. Physics course taking

During the 2016–17 school year, there were 78 676
students who were enrolled in physics courses in the state.
Using the ratio of students enrolled in physics compared to
the total number of 12th grade students, a maximum 41.3%

of students took a physics course prior to graduation,
consistent with recent national trends [6]. Suburban schools
had the largest percentage of possible 12th grade students
taking physics (44.4%), followed by urban schools (40.4%)
and rural schools (33.5%). There were 2217 sections of
college-prep physics offered to 46 957 students with 47 905
students tested [45]. The discrepancy between the number
of students taking the course and taking the test occurred
due to students retaking the exam or students taking the
exam not enrolled in the course. The second most com-
monly occurring course was known as other physics,
followed by AP Physics B, AP Physics C Mechanics,
and AP Physics C Electricity and Magnetism. The preva-
lence of physics course type in all state high schools is
represented in Table IV.
Course taking was also examined in terms of schools

with isolated physics teachers. These schools generally
offered less physics course sections, with many of the
courses falling into the college-prep and other physics
categories. Very few of these schools offered AP Physics B,
AP Physics C Mechanics, and AP Physics Electricity &
Magnetism. Regardless of the course type, the majority of
schools with isolated physics teachers offered two or fewer
sections of physics courses, as shown in Table V.
In terms of locale, urban schools had 10 869 students

taught by isolated physics teachers, or 36.1% of their
physics student population. Rural schools had lower raw
numbers of students taught by isolated teachers (5346), but
the highest percentage of students taking physics taught by
an isolated teacher (63.2%). Suburban schools had a similar
number of students taught by isolated teachers as rural
schools (6347), with 17.2% of their students taught by an

TABLE III. Distribution of physics teachers, schools, students, and isolated teachers by locale.

Locale
Physics teachers
n (% of total)

Isolated physics
teachers n (%)

Schools
n (%)

Physics students
n (%)

12th grade
students

Percentage of 12th grade
students taking physics

Urban 544 (34.3) 222 (34.6) 329 (34.3) 32 229 (41.0) 79 831 40.4
Suburban 737 (46.5) 163 (25.4) 356 (37.1) 37 993 (48.3) 85 553 44.4
Rural 303 (19.1) 256 (39.9) 275 (28.6) 8454 (10.7) 25 261 33.5
Total 1584 641 960 78 676 190 645 41.3

TABLE IV. Prevalence of physics courses in schools that offered physics.

Number of schools offering each course (%)

Number of
sections offered

College-prep
or regents AP Physics B

AP Physics
C Mechanics

AP Physics
C E&M

Other
physics

0 130 (13.5) 728 (75.8) 843 (87.8) 915 (95.3) 559 (58.2)
1 352 (36.7) 136 (14.2) 107 (11.1) 44 (4.6) 179 (18.6)
2 186 (19.4) 46 (4.8) 9 (0.9) 1 (0.1) 97 (10.1)
3 90 (9.4) 25 (2.6) 1 (0.1) � � � 48 (5)
4 75 (7.8) 14 (1.5) � � � � � � 27 (2.8)
5≥ 127 (13.2) 11 (1.1) � � � � � � 50 (5.2)
Total schools 960 (100) 960 (100) 960 (100) 960 (100) 960 (100)
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isolated teacher. Overall 23 394 (29.7%) of physics
students were taught by an isolated teacher, yet this
percentage varied notably by locale.

2. Physics course load

The fraction of course load taught in physics was an
additional consideration when analyzing teacher-level var-
iables. Slightly more than half (54.6%) of all physics
teachers taught courses in other disciplines, either in
another science or mathematics. Fewer than half (38.0%)
of physics teachers taught less than 50% of their course
load in physics. Those who taught other science courses
were most likely to teach science electives or chemistry.
Table VI indicates the number of designated physics
teachers according to the percentage of their course load
in various sciences and mathematics.
Analysis of variance (ANOVA) with a Tukey post hoc

test indicated that there was a significant difference in the
mean course load among isolated physics teachers

depending upon school locale. There was a significant
difference between the mean percentage physics course
load of isolated teachers in rural schools (M ¼ 0.502,
SD ¼ 0.286, p < 0.001) and both urban schools (M ¼
0.648, SD ¼ 0.310) and suburban schools (M ¼ 0.709,
SD ¼ 0.293,p < 0.001). However, therewas no significant
difference between the course loads of physics teachers in
suburban schools and urban schools (p ¼ 0.247). The
model was significant with a medium to large effect
size (Fð2446Þ ¼ 22.325, p < 0.001, Cohen’s d ¼ 0.63).
Descriptive statistics for the course load of isolated physics
teachers are presented in Table VII.
In summary, urban schools had the largest number of

students taught by isolated physics teachers, though rural
schools had the largest percentage of their students taught
by an isolated physics teacher. Suburban schools enrolled
the largest number of physics students among the three
locales, and had the smallest number taught by an isolated
teacher. The majority of schools with only one physics

TABLE V. Prevalence of physics courses in schools of isolated physics teachers.

Number of isolated schools offering each course (%)

Number of
sections offered

College-prep
or regents AP Physics B

AP Physics
C Mechanics

AP Physics
C E&M

Other
physics

0 96 (15) 566 (88.3) 620 (96.7) 638 (99.5) 448 (69.9)
1 324 (50.5) 66 (10.3) 21 (3.3) 3 (0.5) 114 (17.8)
2 144 (22.5) 8 (1.2) � � � � � � 46 (7.2)
3 45 (7) 1 (0.2) � � � � � � 22 (3.4)
4 23 (3.6) � � � � � � � � � 8 (1.2)
5≥ 9 (1.4) � � � � � � � � � 3 (0.5)
Total schools 641 (100) 641 (100) 641 (100) 641 (100) 641 (100)

TABLE VI. Course load of all physics teachers (N ¼ 1584).

Number of physics teachers teaching in discipline (%)

Teaching load % Physics Chemistry Biology Earth science Other science(s) Mathematics

0 � � � 1329 (83.9) 1448 (91.4) 1409 (89) 1194 (75.4) 1476 (93.2)
1–25 245 (15.5) 54 (3.4) 45 (2.8) 48 (3) 146 (9.2) 17 (1.1)
26–50 356 (22.5) 114 (7.2) 48 (3) 76 (4.8) 176 (11.1) 39 (2.5)
51–75 243 (15.3) 80 (5.1) 33 (2.1) 41 (2.6) 54 (3.4) 35 (2.2)
>75 740 (46.7) 7 (0.4) 10 (0.6) 10 (0.6) 14 (0.9) 17 (1.1)

TABLE VII. Course load of the isolated physics teachers (N ¼ 641).

Number of physics teachers teaching in discipline (%)

Teaching load % Physics Chemistry Biology Earth science Other science(s) Mathematics

0 � � � 491 (76.6) 578 (90.2) 533 (83.2) 452 (70.5) 573 (89.4)
1–25 156 (24.3) 22 (3.4) 21 (3.3) 25 (3.9) 69 (10.8) 13 (2)
26–50 189 (29.5) 78 (12.2) 24 (3.7) 51 (8) 79 (12.3) 21 (3.3)
51–75 95 (14.8) 48 (7.5) 14 (2.2) 23 (3.6) 34 (5.3) 20 (3.1)
>75 201 (31.4) 2 (0.3) 4 (0.6) 9 (1.4) 7 (1.1) 14 (2.2)
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teacher offered two or less sections of college-prep physics,
and very few advanced or second year physics courses. The
majority of isolated teachers taught physics for 50% or less
of their teaching load. Isolated physics teachers in rural
schools taught significantly less physics in their course
loads than both urban and suburban teachers.

C. Predictors of performance in physics:
Students of isolated physics teachers

1. Correlating factors

Since various contextual factors differed for isolated
physics teachers, inferential statistics were generated to
identify significant predictors of the physics performance
of their students. Of the 459 isolated teachers with reported
physics scores for their students, 10 were removed due to
missing certification and professional age, resulting in
449 isolated physics teachers for subsequent analysis. To
perform a multiple linear regression, it was necessary to
determine individual predictors that correlated to physics
performance. A normal P-P plot of regression standardized
residual indicated assumptions of normality and homo-
geneity were met for the following continuous variables:
percentage passing rate on the physics standardized
exam (M ¼ 75.86%, SD ¼ 24.9%), test-taking ratio
(M ¼ 0.0513, SD ¼ 0.0735), fraction of course load taught
in physics (M¼0.601,SD ¼ 0.308), school size (M ¼ 917,
SD ¼ 808), and professional age (M ¼ 15.16, SD ¼ 9.29).
Variance inflation factors (VIFs) were all <2, indicating

there was no multicollinearity among predictor variables.
Missing data were deleted listwise.
To test assumptions of linearity, bivariate Pearson or

Spearman correlations indicated the following variables
were significantly correlated with the percentage passing
rate on the standardized exam: (i) professional age, (ii) pri-
mary certification status, (iii) secondary certification status;
(iv) school classification of urban, (v) rural locale, (vi) per-
centage of students qualifying for free and reduced lunch,
and (vii) physics test-taking ratio. The following variables
were not significantly correlated with student performance
in physics, and were thus eliminated from the multivariable
model: (i) whether the teacher was certified in physics,
(ii) whether teachers taught an AP physics course, (iii) num-
ber of different physics courses taught; (iv) whether teach-
ers taught mathematics; (v) fraction of course load taught in
physics; (vi) school classification of suburban; and
(vii) school population in grades 9–12. Bivariate correlation
statistics are summarized in Table VIII.

2. Multiple linear regression model

Multiple linear regression was performed to predict
physics passing rate based on the independent variables
of (i) primary physics certification status, (ii) secondary
certification status; (iii) school classification of urban;
(iv) school classification as rural; (v) percentage of students
qualifying for free and reduced lunch; (vi) physics test-
taking ratio, and (vii) professional age.

TABLE VIII. Potential predictors of physics performance.

Independent variables Correlation coefficient N p value

Teacher-level variables related to certification/preparation
Professional age (years of teaching experience, continuous) r ¼ 0.261*** 449 < 0.001
Primary physics certification (yes/no, binary) rs ¼ 0.107* 449 0.023
Secondary physics certification (yes/no, binary) rs ¼ 0.147** 449 0.002
Physics certification (yes/no, binary) rs ¼ 0.032 449 0.502

Teacher-level variables related to course load
Taught AP course (yes/no, binary) rs ¼ 0.074 449 0.119
Number of different physics courses taught (continuous) rs ¼ 0.050 449 0.292
Taught mathematics (yes/no, binary) rs ¼ 0.008 449 0.870
Fraction of course load taught in physics (continuous) r ¼ 0.029 449 0.543

School-level variables
Rural locale (yes/no, binary) rs ¼ 0.371*** 449 < 0.001
Suburban locale (yes/no, binary) rs ¼ 0.038 449 0.420
Urban locale (yes/no, binary) rs ¼ −0.478*** 449 < 0.001
Percentage of students qualified for free/reduced lunch r ¼ −0.504*** 449 < 0.001
School population in grades 9–12 (continuous) r ¼ 0.058 447 0.223
Physics test-taking ratio (continuous) r ¼ 0.119* 447 0.012

*p < 0.05.
**p < 0.01.
***p < 0.001.
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Four variables were significant predictors of student
performance in physics—school classification of urban
locale, school classification of rural, percentage of students
qualifying for free and reduced lunch, and professional age.
A significant regression was found [Fð7; 439Þ ¼ 39.685,
p < 0.001]; the adjusted R2 was 0.378, a large effect. The
regression equation was the following:

School-levelphysicspassingpercentage

¼ 88.286−17.705ðurbanschoollocaleÞ
−0.298ðpercentagequalifyingfor free=reducedlunchÞ
þ7.565ðruralschoollocaleÞþ0.278ðprofessionalageÞ;

where urban school locale was coded 1 ¼ urban schools,
and 0 ¼ suburban or rural schools, and rural school locale
was coded 1 ¼ rural schools and 0 ¼ suburban or urban
schools. The following three variables were not significant
in the multivariable model: physics test-taking ratio, sub-
urban locale, and secondary physics certification. The
multivariable regression model statistics are shown in
Table IX.

3. Mediation analysis

The main predictors of student physics performance
included the independent variables of school location (urban
and rural) and socioeconomic status. These independent

variableswere defined as fixed since theywere not subject to
change in terms of the types of schools students attended,
however, professional age, or years of teaching experience,
is a teacher-level variable thatmay be influenced byworking
conditions in specific schools [22–24]. Consequently, a
mediation analysis was performed to see whether profes-
sional age lessened the impact of school poverty and
location on student physics performance. Baron and
Kenny [55] designed a process to determine whether a third
variable (the mediator, or professional age) diminished the
predictive value of the independent variable (the predictor,
urban school locale, or socioeconomic status), which may
establish a causal mechanism for the dependent variable
(student performance).
Two mediation analyses were performed. In the first

analysis, urban school locale was the predictor, student
physics performance was the dependent variable, and
professional age was the potential mediator. Results indi-
cated that, for the subpopulation of isolated physics
teachers (N ¼ 449), urban school locale was a significant
predictor of physics passing rate (β ¼ −0.561, p < 0.001).
Urban school locale also predicted professional age, or
teaching experience (β ¼ −0.256, p < 0.001). A multiple
regression model revealed that urban school locale and
professional age predicted physics passing rate (urban
school locale β ¼ −0.529, p < 0.001; professional age
β ¼ 0.125, p ¼ 0.002), supporting the mediational hypoth-
esis. Since urban school locale was a weaker yet significant

TABLE IX. Multivariable regression model.

95% Confidence interval

Variable
Standardized regression

coefficient β
Unstandardized

regression coefficient B Lower Upper p value

Urban school locale −0.301 −17.705 −24.280 −11.129 <0.001
Socioeconomic status (%FRL) −0.229 −0.298 −0.434 −0.163 <0.001
Rural school locale 0.151 7.565 3.268 11.863 0.001
Professional age 0.109 0.278 0.063 0.492 0.011

TABLE X. Professional age as a mediator of physics performance.

First model*

Testing
path

Independent
variable Dependent variable Effect Adjusted R2 df F β B SEðBÞ 95% CI

c Urban locale Physics passing rate Direct 0.313 448 205.419 −0.561 −32.964 2.300 −37.484, −28.444
a Urban locale Professional age Mediated 0.064 448 31.452 −0.256 −5.623 1.003 −7.594, −3.653
b Professional age Physics passing rate Mediated 0.327 448 109.615 0.125 0.336 0.107 0.125, 0.547
c0 Urban locale Physics passing rate Indirect � � � � � � � � � −0.529 −31.075 2.356 −35.706, −26.444

Second model*

c SES Physics passing rate Direct 0.252 448 152.225 −0.504 −0.656 0.053 −0.760, −0.551
a SES Professional age Mediated 0.046 448 22.386 −0.218 −0.106 0.022 −0.150, −0.062
b Professional age Physics passing rate Mediated 0.275 448 85.853 0.159 0.425 0.110 0.208, 0.642
c0 SES Physics passing rate Indirect � � � � � � � � � −0.469 −0.611 0.054 −0.716, −0.505

*Multivariable models, p < 0.001.
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predictor of physics passing rate in the multiple regression
model, the relationship between urban school locale and
physics passing rate was partially mediated by professional
age. The standardized indirect effect [ðaÞðbÞ] was
ð0.256Þð0.125Þ ¼ 0.032, a small to medium effect.
In the second analysis, socioeconomic status was the

predictor, student physics performance was the dependent
variable, and professional age was the potential mediator.
Socioeconomic status was a significant predictor of physics
passing rate (β ¼ −0.504, p < 0.001). Socioeconomic
status also predicted professional age (β ¼ −0.218,
p < 0.001). The multiple regression model revealed that
socioeconomic status and professional age predicted phys-
ics passing rate (SES β ¼ −0.469, p < 0.001; professional
age β ¼ 0.159, p < 0.001), supporting the hypothesis that
physics performance in high poverty schools was partially
mediated by professional age. The standardized indirect
effect was 0.035, a small to medium effect. Mediation
results are summarized in Table X.

V. DISCUSSION

A. Conclusions

This research was framed by theoretical constructs
related to workplace tensions for isolated teachers, as well
as equity considerations in precollege physics education.
Statistical analyses identified the prevalence of physics
teacher isolation and disparities among school contexts and
physics access and performance. The main conclusions of
the study are discussed in terms of physics teacher isolation
and physics access, physics education challenges related to
high poverty schools, and the success of physics education
in rural contexts.

1. Teacher isolation and physics access
and course taking

Results indicated that less than half of state physics
teachers (40.5%) taught in isolation during the 2016–17
school year, which is much lower than national estimates of
80% [20]. Students from schools with isolated physics
teachers demonstrated weaker physics performance com-
pared to students from schools with multiple physics
teachers, with a small to medium effect size. These findings
are consistent with a similar study concerning isolated
chemistry teachers [15]. Isolation was found to have a
significant relationship with previously reported issues
regarding physics access and equity for students, which
may have been exacerbated by previously reported teacher
workplace tensions associated with isolated working envi-
ronments, including limited pedagogical development,
occupational stress, and lack of social integration among
peer educators [22,23,30,56].
Isolated teachers tended to work in schools that offered

two or fewer sections of college-prep physics and other
physics, with very few offerings of Advanced Placement

physics courses. This had a direct relationship with both
student access to physics courses as well as isolated teacher
course load. In line with previous research, the majority of
isolated teachers were not full-time physics teachers, rather,
they also taught STEM courses such as chemistry, earth
science, and mathematics [6,7,15,34]. Students who
attended schools with an isolated teacher often experienced
restricted access to advanced and second year physics
courses, both previously reported to strengthen a student’s
likelihood of STEM interest and persistence [2,4,5].
School locale and socioeconomic status and teaching

experience were the predictors in the multivariable model,
with experience acting as a partial mediator for poverty.
This suggests that overcoming constraints such as poverty
and limited resource allocation should be a major consid-
eration in physics teacher preparation. Notably, several
isolated teacher-level variables were not significant pre-
dictors of physics performance. These included physics
certification (primary, secondary, or none), course load
taught in physics, and whether other subjects were taught
by the teacher. This suggests that the physics content
preparation of the teacher did not seem to affect student
performance at the college-prep physics level.

2. Challenges related to physics education in urban,
high poverty schools

While previous research has identified equity concerns
with regard to physics education and high need school
teaching for both students and teachers [7–12,19,23], these
disparities were more prominent with isolated physics
teachers in urban schools. Both urban locale and low
socioeconomic status were negative predictors of physics
performance, an outcome consistent with previous research
regarding the inequities and challenges of teaching in these
environments [14,15]. Distribution of isolated teachers
among the three school locales was inequitable. Nearly
half of all urban physics teachers were working in isolation
and a majority of urban schools (67.5%) employed only a
single physics teacher.
Conversely, a much lower percentage of suburban

teachers (22.2%) were isolated. The hiring of multiple
physics teachers increases the capability of a school to offer
more sections of physics, as well as more advanced and
second year courses. Additionally, this also expands
opportunities for suburban teachers to work with other
physics teachers within their departments, a scenario
severely limited in both rural and urban schools.
There were disparities in professional age among the

three locales, with urban schools employing the least
experienced teachers out of the three locales. Rural and
suburban schools had similar professional ages, on average
five years more experienced than urban teachers. Urban
schools have been shown to have higher turnover due to
workplace tensions, which may be the reason for employ-
ing physics teachers with less experience. This is notable
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since professional age was also found to be a positive
predictor, as well as a partial mediator of urban locale and
low socioeconomic status, supporting the importance of
teacher retention and experience highlighted in previous
studies [15,21,27].

3. Successes and limitations of physics
education in rural schools

Rural locales were a positive predictor of physics
performance in the multivariable model, suggesting there
may be underlying pedagogical and school characteristics
that should be explored in these contexts. Although rural
science education has been neither easily defined nor
extensively studied [57], there may be common attributes
in rural academic contexts to inform physics educational
reforms.
With many rural physics teachers working in isolation

(84.5%), there may have been a limited amount of physics
sections offered, which was reflected in the relatively low
percentage (33.5%) of students taking physics in rural high
schools. This suggests there may be a limited number of
physics course taking opportunities due to the prevalence of
isolated teachers in rural schools. There may also be a
selection effect, where physics access is restricted to
students with higher perceived competence or those who
have taken higher level mathematics and science as
prerequisites, consistent with prior research on physics
in urban schools [23,35,58,59]. Additional research is
needed to explore the promotion of physics course taking
among rural students; this may inform efforts to improve
physics access in urban schools, as well.
Rural students tended to outperform students in urban

schools, despite the frequency of physics teacher isolation
in both settings. The nature of rural schooling suggests that
science curricula need to be comprehensive and clearly
articulated across grade levels [60], which may contribute
to a more prominent institutional emphasis on developing
students’ physics knowledge. With such a significant
number of teachers working in isolation, there may be
systemic regional supports in place (e.g., mentorship,
teacher leadership, professional development) to optimize
teacher success without the benefit of physics colleagues in
the same building. Physics teacher preservice programs that
serve rural schools may offer insights into effective teacher
preparation for content specialists in isolated environments,
many of whom must prepare multiple types of science
classes every day [61]. This is an important consideration
since nearly all rural schools in the state (93.1%) employed
a teacher who was certified in physics. Research has shown
rural science teacher education programs have demon-
strated the effectiveness of distance-based instructional
coaching, particularly synchronous, interactive online pro-
fessional learning with higher education institutions
[62,63]. Such interventions may prevent or alleviate ten-
sions associated with teacher isolation.

B. Implications

1. Physics teacher preparation and induction

The results of this study suggest several important
implications for physics teachers, physics teacher prepa-
ration programs, science administrators, and school district
administrators. In terms of teacher-level characteristics,
student physics performance was predicted by teacher
experience, yet certification type was not significant in
the multivariable model. This suggests that physics teacher
preparation programs may have room for improvement. If
the amount of coursework in these programs, which
typically includes both pedagogical and content-based
experiences, is not predictive of student performance,
then future reforms should focus on how these courses
might be redesigned to optimize teaching and learning.
Experience is valuable but it should not be the sole
mediating factor when considering school contexts as
predictors of performance.
The proportion of isolated physics teachers may be less

than previously recorded [11], however isolation may
exacerbate contextual inequities for both teacher profes-
sional support and student access. In terms of preservice
teachers, it is recommended that physics teacher education
programs encourage the development of programs that
prepare teachers for the contextual constraints of schools in
different locales. Also, the needs of specific locales may
dictate how physics teacher production can be targeted to
optimize efficiency and equity.
Compounding this problem, a noticeable portion of

physics teachers in this study taught out-of-subject.
Consequently, it is also important that science teachers
have a breadth of science courses in their background, as it
is likely they will teach other disciplines, particularly in
rural locales. This also raises concerns for isolated novice
teachers as they had to navigate their first years of teaching
while also contending with out-of-subject teaching.
Isolated physics teachers, specifically novice teachers,
should be given access to materials and curriculum for
all their assigned course load so they may focus on
developing pedagogical content knowledge as opposed
to developing curriculum. Furthermore, it is recommended
that isolated teachers be observed by those who are trained
to evaluate their subject specific pedagogical abilities and
provide feedback to improve their practice.
These findings suggest that isolated teachers may require

more context specific professional support during the
critical induction years. A direct implication of isolation
is the reduced ability for schools to provide the recom-
mended mentoring during the vital induction period [21].
This is a particular concern for isolated novice teachers, as
isolated teachers tend to have fewer collegial interactions
[23]; such connectedness with colleagues has been shown
to decrease attrition [56]. Research has shown that novice
teachers in physics demonstrated an increase in effective-
ness with more years of experience [21], demonstrating the
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importance of mentoring and professional networks to
combat attrition [23,24].
Several studies have proposed the development of social

networks and professional learning communities to
strengthen reflective habits in new teachers [56,64–67],
something that may not be difficult for isolated physics
teachers. Professional communities such as local AAPT
chapters may provide professional growth opportunities for
enriching teaching practice while also easing workplace
tensions associated with isolated teaching. Furthermore,
these may facilitate collegial interactions so teachers
receive feedback from educators trained in physics—some-
thing their schools cannot provide.

2. Equity in physics access and course taking

School locale and socioeconomic status were the main
predictors of physics performance in the multivariable
model. Prior research has shown that as socioeconomic
status decreases, access to physics decreases as many high
poverty schools do not offer physics or only offer physics
every other year [9,12,14]. The weak physics performance
of students in these schools may be related to poor
mathematical preparation, state testing mandates, and a
deficit view of traditionally underrepresented students in
physics [23,35]. By prioritizing physics course taking,
instituting a strong science culture, and improving prepa-
ration for success in physics, a school may facilitate more
equitable student outcomes. In turn, this may promote the
participation of traditionally underrepresented minorities in
STEM fields and underserved students in general.
Too often, physics has been viewed as a course for

academically elite students, which might restrict access
to a gateway course necessary for post-secondary STEM
success. By requiring physics for graduation, all students
might have equal opportunity to achieve physics compe-
tency and literacy. Physics teachers, as well as adminis-
trators, should support all students taking physics, not just
the more advanced students. This is particularly important
in urban contexts, where students have traditionally expe-
rienced restricted access to advanced STEM coursework.
By expanding physics access and interest, more physics
teachers may be hired and the level of teacher isolation
would diminish.

C. Limitations

There were several limitations in this study. First, this
was a case study of a single state within the U.S. Most
K–12 educational policy is established at the state level,
and the results from this study may not be generalizable to
other states with widely divergent contextual character-
istics. However, the state-level availability of verified
teacher data and student physics examination performance
may be instructive for other states to initiate reforms in
secondary physics education policy to improve accessibil-
ity and performance, based on the use of such evidence.

Second, the standardized physics scores may not be an
accurate assessment of students’ physics knowledge.
Scores were reported as aggregate averages of schools
themselves, which may mask variations in teacher quality
when examining schools with multiple physics educators.
Because of the nature of the state-verified data analyzed in
this quantitative study, information regarding the teaching
methods of specific teachers was not part of the analysis.
Furthermore, only students of isolated teachers were
included in the multivariable analysis since those scores
could be directly tied to individual teachers. This limited
the analysis by excluding the students who attended
schools with multiple physics educators.
Third, the classification of physics courses by the state

had some ambiguities. Some Advanced Placement courses
were designated as “Physics B,” although that course was
being phased out at the time of the study. “Other physics”
was an inclusive set of courses with no set curricula, and
this group included courses such as “honors physics” and
International Baccalaureate physics courses. Some schools
may have placed Advanced Placement courses in the other
physics category, since the prevalence of these sections
seemed to be underreported. Some schools only offered
physics every other year and these schools were not in the
sample. Scores of some schools were suppressed since
fewer than five students were tested in physics; this
disproportionately affected rural schools, with 10.2% of
their schools removed from the isolated physics teacher
sample.
Fourth, only one academic year of data was utilized for

this study, requiring isolation to be narrowly defined. There
may be factors related to a teacher’s isolation within the
school that were not reflected in the data, for example,
having a supervisor that was a former physics teacher,
working with a colleague pursuing a certification in
physics, being a member of outside physics social net-
works, and/or previously working as a nonisolated physics
teacher.
Finally, the teaching experience for these teachers was

based on their professional age, or years since first
certification, as the exact amount of working years for
each teacher was not available. Teachers may have expe-
rienced breaks in service that were not reflected in the data.

D. Future research

This work has raised several questions that may be
addressed in future research. As educational policy is
determined largely at the state level, the methodologies
employed in the present study would lend itself to
replication in other states and in other subjects. With the
wealth of data that states gather as required by No Child
Left Behind and other legislation, these studies might
provide deeper understandings of contextual factors that
influence policies regarding physics teacher training,
access to physics, and student performance in physics.
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These policies, largely determined at the state level, could
be adjusted based upon the needs of students in specific
state populations. Such a segmented approach may increase
physics equity in terms of teacher preparedness, course
access, and student performance.
The methodology utilized in this study would also lend

itself to longitudinal studies. Questions regarding physics
access, teacher certification, and teacher turnover could be
answered by looking at data over the course of five-year or
ten-year periods, providing information that may be used
for identifying trends and highlighting effective physics
education policy. These data may inform policy and
practice, but to date they have largely been underutilized.
Interventions and conditions may be explored to exam-

ine how to improve physics teacher preparation across
contexts and experience levels. Preservice programs and in-
service professional development may be revised to better
support teachers in their specific working environments.
Rural schools, where many teachers work in isolation, may
provide lessons in teacher resilience, teacher network
development, and cross-disciplinary pedagogical develop-
ment. Social network analysis could offer a methodological
approach for understanding the collegial interactions
among teachers, professional organizations and the support
structures they utilize [56]. This would provide a founda-
tion for understanding how these interactions differ

between isolated and non-isolated teachers. Social net-
works have often been suggested as a plausible way to
establish intellectual communities for physics teachers
[56,64,65], however, more empirical studies are needed
to operationalize key elements of such interventions.
With professional age as a predictor of student perfor-

mance, and a mediator of both local and socioeconomic
status, the retention of isolated and nonisolated novice
teachers should be explored. An understanding of factors
that support physics teacher retention may increase the
commitment of novice teachers to work in specific working
environments, particularly high need schools in urban
districts. Such interventions could include more robust
induction support in the form of mentoring, formalized
inter-school physics teacher networks with face-to-face
interaction, and university-based professional learning
communities.
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