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Abstract

This research presents results of a longitudinal study
of a three-year in-service teacher professional develop-
ment program that was focused on improving grades
sixth through eighth students’ science achievement, sci-
ence literacy and increasing science interest in five urban
middle schools. The key program elements included: (1)
asummer teacher academy, (2) academic year use of les-
son study, (3) instruction using integrated science, (4)
science notebooks use, (5) instruction on science literacy
and effective use of informational texts, and (6) inquiry-
based instruction. The study was part of a larger research
effort that investigated the effects of a comprehensive
middle school science and mathematics teacher profes-
sional development intervention on students'science and
math achievement. The purpose of the research for this
particular work is to examine the impact of teacher pro-
fessional development on teachers’ science instructional
performance and science teaching efficacy, and in turn,
its impact on their students’science achievement as well
as their literacy in and motivation for science. The re-
search utilized a cross-school comparison methodologi-
cal approach, which examined middle school students’
achievement trajectories and employed a quasi-control
condition in the program’s first year of implementation,
and in remaining years — with multiple “doses” of an in-
service teacher professional development intervention.
Comparative and multi-level hierarchical linear model-
ing (HLM) was used for data analyses with multiple it-
erations of model fitting. Results of the research indicated
that the professional development had multiple positive
effects on the participating teachers and their students.
School-wide teachers'science teaching efficacy increased
for all participating teachers. The Academic Performance
Indices (APIs) demonstrated growth for each of the five
participating middle schools, and students'motivation for
science and their science literacy had a positive effect on
their science achievement. Furthermore, the participating
students’ achievement increased overall, with greater in-
creases resulting from increased exposure to the teacher
intervention (via proxy of the students’ teachers). This
teacher focused intervention is recommended for middle
to large size middle schools and districts as it had moder-
ate to highly positive effects on the teachers and students

in the participating school district.
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Our nation’s leadership has become increasingly con-
cerned about its future workforces in science, technology,
engineering and mathematics (STEM). Education in the
STEM subjects from kindergarten through grade twelve
(K-12) involves the inclusion of technology and engi-
neering in mathematics and science school programs.
Technology develops skills and abilities in adaptability,
complex communication, non-routine problem solving,
and systems thinking to “shape our material, intellectual,
and cultural world” (Bybee, 2010, p. 31). These skills and
abilities and how they are taught and learned within K-12
science classes are of primary concern to us. Therefore,
we designed and implemented a teacher professional
development intervention program to fully support our
nation’s future workforce with a focus on one of the most
challenging age bands (grades 6-8) where STEM content
dramatically increases in rigor.

The notion that teacher professional quality is a critical
factor in student achievement has been widely acknowl-
edged among researchers, policymakers, and teacher
practitioners. Research has revealed that it can explain “
... about 40 percent of the variance in students’ learn-
ing and achievement — more than any other single factor,
including student background . .." (Rhoton & Stile, 2002,
p.1). However, comprehensive inservice teacher education
in STEM-focused pedagogy has heen historically weak in
United States public schools and by no means sufficient to
contemporarily provide teachers with the necessary skills
for success in their classrooms. Research on STEM educa-
tion has indicated that having adequate subject matter
knowledge, the “what” of teaching, is a necessary but in-
sufficient condition to being an effective science teacher.
Effective teachers also need knowledge and skills on
“how" to teach the subject matter, and how to teach it in
pedagogically inclusive ways so that all students, includ-
ing those with increasingly diverse needs and abilities,
will learn (Carlson, et al., 2019; van Driel, 2021). Finally,
effective teachers need to understand students’ develop-
ment to be able to motivate and engage them and to help
them reach their highest potential.

With the purpose to reinforce development of com-
petent science teachers and to help retain them, the
National Academies (2006) recommended improving
science education by providing high quality professional
development (PD) programs for science teachers. Science
PD enhances improvement of the content knowledge and
pedagogical skills that practicing teachers need to be ef-
fective in their classrooms. Accordingly, we have designed
a compelling inservice middle school science teacher PD
program aimed at improving teachers’ subject matter
and pedagogical practices using integrated science and
discipline-based educational research practices (DBERs).
For this work, we focused on the impact of a PD program
on teachers'performance and efficacy in teaching science,
and ultimately, on student achievement, in addition to
their literacy in and motivation for science. Other aspects
of our research have been addressed in additional publica-
tions.

The intent of our research was that by improving
teachers'subject matter and pedagogical knowledge, their
students'achievement would also improve. The project in-
cluded a three-year intervention, encompassing teacher
PD with integrated science. A data driven decision-mak-
ing process was employed to develop the specific content
of the teacher PD sessions and lesson study was utilized as
an enabling structure for teacher collaboration, reflection,
and self-study for improvement (Rozimella, 2020). Most
importantly, the teacher PD had seven enabling com-
ponents. The project represented a synergy of the com-
ponents to specifically support the needs of the middle
school teachers and their students in a historically low
performing urban school district. The project was aligned
to the State Department of Education’s recommendations
for middle school improvement; “Taking Center Stage-
Act II: Ensuring Success and Closing the Achievement
Gap for All of the State’s Middle Grades Students. (CDE,
2021-rev.)"The project’s enabling structures included: (1)
university-based national research centers and laborato-
ries; (2) a teacher training leadership team; (3) a content
expert scientific and mathematics advisory team; (4) sci-
ence teacher PD with a summer teacher academy and
associated follow-up; (5) use of an adaptation of James
Stigler's (2006) lesson study; (6) use of diagnostic teach-
ing practices, science literacy, inquiry focused science,
and data driven decision making; and (7) a focus on inte-
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grated science. The participating teachers received either
two or three years of PD intervention, and therefore their
6th through 8th grade students received either a single,
double or triple year dose of the intervention via their
teachers depending on the year that they entered middle
school. The specific interventions included within the PD
consisted of: (a) use of academic language in science con-
texts, (b) instruction to improve science literacy and use
of informational texts, (c) use of the scientific method in
societally relevant middle school lab experimentation, (d)
use of Cornell notes and science notebooks; (e ) strate-
gies for effective and efficient use of informational texts
for improvement of content area literacy, (f) effective uses
of technology in the classroom, (g) strategies for integrat-
ing science, (g) a teacher “boot camp” academy approach
to improving teacher science content knowledge, and (h)
strategies for nimble, data driven lesson design focused on
inquiry and learning cycles. The teachers participated in
annual weeklong summer teaching academies followed
by grade level and subject specific mini-camps during
the school year at school sites and in content groups.
Lesson study was a major component of the teachers' PD
during their academic years. A typical yearlong “dose” of
the teacher intervention included 30 hours of a summer
academy, followed by 15-20 hours per semester during
the academic year (50-60 PD hours per year =1PD dose).

Conceptual Framework

Review of research on teacher professional
development in STEM not only addresses the significant
challenges and needs of science teachers and their
students, it has fully informed the design, development
and impact testing of the described PD intervention.
Therefore, the intervention addressed teacher content
needs via boot camps with STEM content experts, included
content-to-pedagogical disciplinary mentored practice,
involved teacher self-study of their lessons (lesson study),
and addressed students’ science achievement, motivation
for science, and content area literacy; all of which are
addressed in the literature review that follows.

The Effects of Linking Content
Knowledge to Science Teacher
Professional Development

While there are numerous skills, strategies, and
understandings one needs to teach science effectively,
deep interconnected subject matter knowledge is critical
to effective teaching in secondary schools. Researchers
arque that inservice science teachers, particularly in
middle schools, often fall short in their understanding of
the contemporary science content that they are required
to teach (Tretter et al., 2013). For example, in examination
of the science content knowledge of 68 teachers in
all grades from K-12 schools across Central Michigan,

Parker, McConnell, and Eberhardt (2013) determined
that while high school teachers were most likely to have
deep science content knowledge, middle school teachers’
science content knowledge was quite limited. To illustrate,
only 13% of the studied high school teachers had low
levels of science knowledge as opposed to 63% of the
middle school teachers in the research. In contrast, 56%
of the studied high school teachers showed high levels of
science content knowledge in comparison to 23% of the
middle school teachers.

Added to this, inservice science teachers often have
sparse experience modifying curriculum content to include
contemporary science related topics. Wenglinsky’s (2000)
study of the relationship between teacher PD and student
achievement found that subject matter content knowledge
is a necessary et insufficient condition for high quality
instruction.  Wenglinsky's concluded that  classroom
practices, in the form of pedagogical content knowledge
and teachers’ use of higher order thinking skills, was a
stronger predictor of student success than a teachers'subject
matter content knowledge alone. As such, this research
indicates that both content and pedagogical knowledge are
critical to teacher and student success and thus provides a
basis for our PD intervention's approach.

Shulman (1986) posits that it is a teachers ability
to recognize how to make content meaningful through
disciplinary pedagogy that determines the teacher’s skill
to make transformative curriculum decisions for their
students. Further, Mishra & Koehler (2006) conceptualized
a framework for pedagogical content knowledge that
described the complexities of the classroom as dependent
upon the context of the teachers’ everyday realities and
the “. . .thoughtful interweaving of all three key sources
of knowledge: technology, pedagogy, and content” (p.
1029). Effective teacher PD intended to innovate and
change the quality of science curriculum must accentuate
both subject matter content and disciplinary pedagogical
knowledge, while emphasizing higher order thinking skills
within the situational context of education (Burns etal,,
2018). This was at the core of our PD research design.

Teachers who fully understand the content area in
which they teach, are more effective at producing higher
achieving students. Disciplinary focused teacher PD can
help to increase teachers' content knowledge by focusing
on the specific subjects taught by the teacher, embedding
teachers in environments with focused content, and
assisting them in effectively teaching such content to their
students. Through this type of PD, teachers can develop
disciplinary pedagogical knowledge, in other words, an
understanding of how students leamn specific content. In
Mundry’s (2005) research, teachers participated in a PD
experience where they explored science and mathematics
case studies that integrated content and contexts for
learning for teachers at the Far West Eisenhower Regional
Consortium for Science and Mathematics. Mundry found
that the students of the teachers who participated in

the Eisenhower PD demonstrated significant gains in
math and science test scores whereas the students of the
teachers who did not participate had no significant gains
on these math and science tests. Conclusively, research
posits that PD that integrates content and pedagogy
learning for teachers is highly likely to result in student
achievement gains.

In related research, Sadler and colleagues (2013)
investigated the relationships between teacher subject
matter knowledge and student science gains. This study
assessed both teacher and student content knowledge
and it confirmed that teachers’science content knowledge
is an important predictor of their students’ content
learning. Our study’s design underscores this. Accordingly,
we addressed practicing teachers’ diversity in subject
matter knowledge by embedding contextualized science
content in each of the teacher professional development
sessions so that the teachers would learn new science
content that was contextualized for their middle school
classrooms so that they could immediately apply their
new content leaming to their classroom environments
through experimentation and investigation with their
middle school students.

Need for Intensity and Multi-
dimensional Structures in Teacher
Professional Development

Professional development research has also indicated
that particular intensity and structures are best suited for
science PD. Importantly, inservice teacher PD needs to
be sustained and intensive for it to translate into student
achievement gains (Wei, et al., 2009; Darling-Hammond,
2012, Ambussaidi, et al., 2019). Through a meta-analysis
of PD interventions, Wei and colleagues (2009) found that
programs offering 30-100 contact hours over six to twelve
months had a significant impact on student achievement
gains. For programs offering an average of 49 hours in one
calendar year, student achievement rose by 21 percentile
points (Wei et al., 2009). In one specific reviewed study,
science teachers participated in a 100-hour summer PD
where they explored a scientific phenomenon, developed
a theory to explain the phenomenon, and applied such
theory and content to new contexts. The teachers then
developed units of study around this phenomenon and
taught them to their peers, thereby supporting the notion
of to teach is to learn. When the students of these teach-
ers were tested, they scored 44% higher on achievement
tests on average than the students whose teachers did not
participate in the PD (Wei et al., 2009). This research re-
view indicates that sustained and intensive PD can have a
significant positive effect on student academic outcomes,
It is for this reason that our study’s intervention included
both a summer immersion component of 60 + hours and
ongoing fall and spring semester follow-up (30-50 hours;
Granger et.al., 2018).
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Lesson Study and Its Link to
Teaching Effectiveness

Particular types of teacher PD structures have yielded
more impactful results. Several studies suggest that
teaching effectiveness is improved through a “lesson
study” approach to teacher PD (Akerson etal., 2017; Ca-
jkler & Wood, 2016). Lesson study, according to Stigler
& Hiebert, (2016; Stigler, 2006), refers to a PD process
whereby teachers closely examine their lessons with a
reflective focus on addressing student need via data-
driven decision making, creating powerful and relevant
curricula, and reformed lesson design. Lesson study goes
beyond collaboration to co-planning and observing actual
lessons of peer teachers with a focus on student thinking
and learning (Kohlmeier, et.l., 2020). In the lesson study
model, teachers learn together. They plan, observe, and
refine their lessons designed to make real their long-term
goals for their students'learning and development. A key
component of lesson study is observing and teaching les-
sons, which are improved collaboratively (Jones & Gallen,
2016; Rozimella, 2020). This compels teachers to exam-
ine their own practice in depth in the context of student
learning, connects them with their students and their
professional community, and inspires them to continu-
ously improve, (Kanelloupou & Darra, 2018a, 2018b). This
model of teacher PD has been applied widely and suc-
cessfully in Japan and has more recently been initiated by
teachers at many sites across the U.S. and beyond (Saito &
Atencio, 2013; Schipper, etal. 2017). It is especially ap-
plicable to science and mathematics education (McNally,
2015, Kohlmeier et. al., 2020, Kayapinar, 2016).

Gerard, Varna, Corliss and Linn (2011) found that PD
demonstrates greater teacher instructional improvement
when the program uses inquiry investigations. Inquiry in-
vestigations in this context consist of comparing different
curriculum and pedagogical techniques, improving lesson
plans, discussing student ideas in a specific subject area,
and connecting student ideas to instruction. This research
parallels a “lesson study” approach to PD, which has been
found to be effective in improving both teacher practice
and student achievement, (Stigler, 2006). The approach
is based on a knowledge integration framework that fo-
cuses on building upon leamer ideas by utilizing evidence
to add new content. In a meta-analysis of forty-three
PD intervention studies in science education, teachers in
grades 6-12 were compared on the impact of PD on their
teaching, based on the knowledge integration framework.
The analysis revealed that more than 68% of teachers in
the PD programs enhanced students’ inquiry science
learning experiences when the PD interventions enabled
participating teachers to follow the knowledge integra-
tion framework and was sustained for more than 1 year
(Gerard et.al, 2011). Using inquiry investigations, both for
teachers and their students, can therefore, have a strong
impact on teachers'instructional practices.

Lewis, Perry, and Hurd (2009) applied the lesson

study PD approach during a session of a 2-week summer
workshop for teachers in a large urban school district. In
this study, teachers were involved in a focal lesson study
group. In the first phase of the lesson study, the teach-
ers studied their state’s content standards, and discussed
and solved problems. In subsequent phases, the teachers
selected, observed, and collected student data from a re-
search lesson, and then discussed, revised, and re-taught
their lesson to another group of students. Teachers were
videotaped as they wrote a lesson plan, taught and ob-
served the research lesson, revised the lesson plan, and
re-taught the lesson. Data were also collected from group
meetings, student work, field-notes, and follow-up con-
versations. Results of this multi-dimensional study indi-
cate that teachers' disciplinary instruction was improved
through lesson study by changing not only teachers’ con-
tent knowledge, but also their pedagogical practices as
well as their community, and teaching-learning resources.

Listyani, Widjajanti, and Susanti (2008) also found
numerous positive impacts of lesson study on teach-
ers' competence. Teacher competence was increased,
which included pedagogical, professional, and social
competence. In this particular research, the lesson study
activities included planning, implementation, observa-
tion, and reflection. The teachers discussed measurement
tools for student learning, lesson plans, students” work
artifacts, and evaluation instruments in their lesson study.
Each teacher acted as a teaching model for two rounds
of lesson study and observed other members' teaching
processes for eight rounds through the lesson study pro-
cesses. Data were collected from student questionnaires
and interviews, teacher interviews, and in-class observa-
tions at the end of the lesson study. Results of this research
demonstrated that greater than 80% of the students were
more involved in their learning activities after the teachers
completed lesson study. The teacher participants had bet-
ter classroom management and improved lesson design
skills resulting from the lesson study experiences as well. It
is from these combined reviewed results that our PD pro-
gram incorporated lesson study as a critical component of
our study’s teacher intervention.

The Impact of Science Literacy Instruction
on Student Learning

Not only are the content and structures important
considerations when designing teacher interventions;
the particular instructional approaches taught during the
PD are also critical. Literacy is a particularly challenging
area for students in U.S. schools. Content area literacy and
especially science literacy using informational texts is of
pronounced difficulty for students, especially in middle
schools (Mahan, 2020). Therefore, in addition to teaching
content knowledge to teachers, quiding teachers on how
to teach literacy with science informational texts was an
essential component of our teacher PD. Empirical research
highlights the benefits of integrating literacy instruction

into inquiry-based science in secondary contexts (Zucker,
Noyce & McCullough, 2020). To illustrate, in a quasi-
experimental study, Fang and Wei (2010) investigated
the effects of an inquiry-based science curriculum that
integrated explicit reading strategy instruction and use
of high quality science trade books on the development
of science literacy among middle school students. The
intervention condition for this particular study included
two components of reading called Inquiry-based Science
Plus Reading: explicit reading strategy instruction, and
use of scientifically focused “trade books” with a reading
response sheet with quided teacher discussion about the
books. Several measures of the impact from this interven-
tion on the students’ science literacy were used: Norris
and Phillips’ (2003) new conception of science literacy
(measured students'science literacy development in both
the fundamental and the derived senses), the Gates-
MacGinitie Reading Tests, curriculum-referenced science
test (assessed students’ derived sense of science literacy),
and the students’academic year science grade. The results
of the study indicate that the Inquiry-Based Science Plus
Reading (intervention) group significantly outperformed
the control group in fundamental components of science
literacy including science vocabulary and informational
text reading comprehension. The results demonstrated
that an inquiry-based science curriculum that infuses ex-
plicit reading strateqy instruction was more effective than
an inquiry-based science only curriculum in developing
students’science literacy.

In comparatively similar literacy research, Anthony,
Tippett, and Yore (2010), investigated the benefits of
embedding explicit literacy instruction into middle school
science. This research utilized “a community-based, op-
portunistic, engineering research and development ap-
proach to identify problems and concerns and to design
instructional solutions for teaching middle school science.
Accordingly, diagnostic instruction in science literacy was
used as an intervention. Results of this research suggest
improved performance associated with science reading
and improved science literacy strategies. As such, the de-
cision for including deliberate content area literacy com-
ponents into our teacher PD intervention was noteworthy.
This research underscores both the depth and complexity
of our teacher professional development research that is
described in the pages that follow.

1

Method

Data Collection
Study Setting

This study took place in an urban mid-sized pub-
lic school district with five middle schools. Three of the
middle schools are traditional middle schools, thereby
serving students in grades 6-8, one school site is a K-8
school, and one school is a 4-8t grade school. Only sixth
through eighth grade teachers and classrooms in the K-8
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and 4-8 schools were a part of our study’s intervention.
The school district is situated amidst a community that is
struggling significantly both economically and resource-
wise, and therefore the educational and materials needs in
the district are great. All schools that were targeted for the
intervention, were in federal Program Improvement (PI)
status at the onset of the intervention and accordingly,
their academic performance indices (API) were low. In this
school district, the students’academic needs were great at
the start of this intervention, with 55-82% of 61-8th grade
students scoring non-proficient (basic to far below basic)
on their state standardized achievement tests.

Study Sample

The study sample included two groups: middle school
teachers, and their sixth through eighth grade students.
There was a total of 64 teachers in the study sample in-
cluding general education science teachers and a hand-
ful of special education teachers. Principals and other
site and district administrators also participated in the
intervention; however they were not a part of the study
sample. The student sample consisted of 5,505 students.
The participating students were primarily of Latinx/His-
panic decent, however there was an ethnic mix in the
sample. The distribution was 88.3% Latinx/Hispanic,
7.6 % African American, 1.4% White, and the remain-
ing 2.7% from other ethnicities. Linquistically, 40.1% of
the students in the sample spoke Spanish as a primary
language at home and 33.2% of the students were cat-
eqorized as limited English proficient at the start of the
intervention. Additionally, 84.3% of the students received
free or reduced lunch across the five middle schools. The
students’ academic needs were pronounced prior to the
start of the intervention, with 59-68% of all 6t-8t grade
students scoring non-proficient (basic to far below basic)
on the state standard tests in English lanquage arts (ELA),
57-75% 6h-8h grade students scoring non-proficient
(basic to far below basic) on the state standard tests in
mathematics, and 55-82% 61-8th grade students scor-
ing non-proficient (basic to far below basic) on the state
standard tests in science. This achievement gap persisted
for six years prior to the intervention and was particularly
dismal for ethnic minority student groups (~13% lower
than non-minorities) and English learners (~10-23%
lower than “English only”students).

Recruitment Process

In terms of recruitment for the intervention, both the
teacher and student samples were recruited through the
school district administration and therefore recruitment
was inclusive. All 60-8th-grade science teachers in the
district and their students participated in the interven-
tion. Because the data provided by the school district were
masked for identification for human subject protection
(and this decision was made a priori to the intervention),
a parent-child “opt out” procedure was employed in the

recruitment design. No families chose to opt out of the
intervention. Teachers were compensated for participation
in the intervention via the project funds directly during the
summer teacher academy and via releases with substitute
teachers during the academic year, as academic year in-
tervention sessions were conducted during the teachers’
contracted day.

Intervention and Differences in Control/Com-
parison Group Condition

The intervention was targeted at middle school teach-
ers in the district with an intent to positively impact their
students’ achievement in science. Therefore, the teacher
PD had seven enabling components that were well es-
tablished in the supporting university and endorsed by
the school district. The program represented a synergy of
the components to specifically support the needs of the
middle school teachers and their students. The project
was aligned to the State Department of Education’s rec-
ommendations for Middle School improvement: “Taking
Center Stage-Act II: Ensuring Success and Closing the
Achievement Gap for All of the State’s Middle Grades Stu-
dents” (CDE, 2021-rev). The enabling structures included:
(1) university's national research centers and laboratories;
(2) a teacher training leadership team; (3) a content ex-
pert scientific advisory team; (4) science teacher PD using
a summer teacher academy and associated follow-up; (5)
use of a modified form of Stigler's lesson study; (6) use of
diagnostic teaching, science literacy, inquiry focused sci-
ence, and data driven decision-making; and (7) a focus
on integrated science. The teachers received either two
or three years of PD intervention, and therefore their 6
through 8t grade students received either a single, double
or triple year-long intervention dosage depending on the
year that they entered middle school. The specific inter-
ventions consisted of: use of academic language in sci-
ence contexts, science literacy, real-life problem solving,
use of the scientific method in societally relevant middle
school lab experimentation, use of Cornell notes and sci-
ence notebooks, strategies for effective and efficient use of
informational texts, strategies for improvement of content
area literacy, effective uses of technology in the classroom,
strategies for integrating science, a teacher “boot camp”
approach to improving teachers'content knowledge (with
content experts), and strategies for nimble, data driven
lesson design focused on inquiry and learning cycles ped-
agogical structures. The teachers had weeklong summer
teaching academies followed by grade level and subject
specific mini camps during the school year at school sites
and in content groups. Lesson study was a major compo-
nent of the PD. A typical yearlong “dosage” of PD included
30 hours of summer academy, followed by 15-20 hours
per semester during the academic year (50-60 PD hours
per year = 1 dose).

The research team included a one-year quasi control
condition in the research design. To facilitate this, the three

traditional 6t-8t grade middle schools began implemen-
tation in Year 1, and the two non-traditional schools (gr.
K-8 and gr. 4-8) served as quasi “control” schools during
that year, thereby using a “business as usual” educational
condition, and began PD intervention the following year
(Year 2). Once the implementation of the full intervention
across all five schools began, the intervention was deliv-
ered in groups and therefore no differences in treatment
were noted (except for dose because of the deliberate
delayed start of implementation for two of the schools).
There was no randomization of treatment in the study.
The selection of schools and years of implementation was
made at the request of the school district administration
because the district was transitioning from junior high
school models to middle school models prior to the start
of the intervention.

Research Questions
and Associated Hypotheses

This study responds to four important research ques-
tions and associated hypotheses:

* Whatis the impact of lesson study focused, content
rich science inservice teacher PD on middle school
teachers' science teaching efficacy?

o Hypothesis: The described teacher PD will in-
crease participating teachers’ science teaching ef-
ficacy.

* What is the impact of the described teacher PD on
the middle school science teachers'students'science
achievement?
oHypothesis: The described PD will increase the
participating teachers’ students’ science achieve-
ment.

* What is the impact of the described teacher PD on
middle school students’science literacy?
oHypothesis: The described PD will increase stu-
dents'science literacy.

 What is the impact of the described teacher PD on
middle school students'science interest and motiva-
tion?

o Hypothesis: The described teacher PD will improve
students'interest in and motivation for science.

Outcomes Measurement
and Instrumentation

The outcomes for this research were measured both
at the teacher and student levels. Primarily, instrumen-
tation was standardized, statistically reliable, and highly
validated using item response theory (Wilson, 2011). Be-
cause the research was a mixed design study, field notes
from lesson study group meetings, rubrics and planning
forums, were also used and needs assessment (open and
close set) questionnaire data was collected to add depth
to the breadth of the study’s data.
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Instrumentation For Teachers

Instrumentation for teachers included:

* Science Teaching Efficacy Beliefs Instrument (STEBI-
R): This s a Likert-type questionnaire that measures
teachers'science teaching efficacy.

* lesson Study Scoring Rubric: This is a multi-dimen-

sional observational rubric (scaled through full imple-

mentation of lesson study), called the Teacher Per-
formance Observational Rubric (TPOR; adapted from

PACT; 8 points possible -across rubric dimensions).

Interview Protocol: These were periodic focus group

interviews that were conducted with teachers in the

intervention to assign voice to their experiences dur-
ing the intervention.

Lesson Study Structured Field Notes: These were notes

that were taken of teacher interaction and discussion

during the lesson study planning and implementation
process.

* Teacher Feedback and Ongoing Needs Assessment
Questionnaire: This was an electronically adminis-
tered questionnaire that provided formative feedback
and needs identification from teachers to the Teacher
Leadership Team (TLT).

Instrumentation For Students
Instrumentation for the students contained:
* State Standards Tests (SST) in Science (Gr 8): These are
the state adopted standardized achievement assess-
ments.
District Benchmark Exams in Science (Gr. 6-8): These
are the target school district’s science benchmark
examinations for grades 6-8 that are administered
quarterly. They are criterion referenced with district
calibrated, accepted “cut scores.”
Qualitative Science Literacy Inventory: This is a science
literacy measure that was designed, tested and vali-
dated using IRT (Wilson, 2011) by one of the authors
that was administered as a pre-post comparison an-
nually. The teachers administered this inventory at the
start and end of each academic year throughout the
intervention period.
Motivation for Science Questionnaire: These Likert-
type questionnaires were designed, tested, and
validated using IRT (Wilson, 2011) by one of the au-
thors and administered by the research team via the
teachers as an annual pre-post at the start and end of
every academic year of the project. This questionnaire
contains 10 subscales associated with motivation, cu-
riosity, engagement and efficacy in science. Students
received the science motivation questionnaire during
their science class.

Instrument Reliability and Validity

The study’s instrumentation has been tested for reli-
ability and validity. The TPOR has been used as a primary
instrument for one of the author’s federally funded re-

search. It consists of six teacher instructional performance
dimensions including planning, assessment, instruction,
reflection, academic language, accommodations for di-
verse learners (each with one or more sub-dimension,)
and its reliability is robust (Cronbach’s alpha = .93; Ra-
qusa, 2011). It was modeled after a combination of the
Performance Assessment of State’s Teachers and Ball and
Forzani's (2010) teacher observational assessment. It was
tested for validity and reliability using Wilson's four build-
ing blocks of item response theory (Wilson, 2011). The
students’ science literacy inventories (grades 6-8) have
also been tested for validity and reliability using Wilson's
item response theory. They have strong reliability as well
(Cronbach’s alpha = .82-.86; Ragusa, 2011). The STEBI-
R has established validity and reliability through studies
conducted by the instrument’s creators, Riggs & Enochs,
(1990). Reliability of the instrumentation was assessed
using the Kuder-Richardson 20 formula, which is appro-
priate for examining internal consistency for binary (i.e.,
“right” versus “wrong”) responses (Fraenkel & Wallen,
1990). Collectively, in terms of statistical power of the
full set of instruments, given that there were 5,505 in the
student sample, statistical power was robustly achieved
(Cohen, 1992).

Analytical Methods

The study employed a mixed methods research de-
sign. Accordingly, data analyses were both quantitative and
qualitative. In addition to conducting descriptive analyses
to illustrate the diversity in the study’s sample, pre-post
comparisons, including t-tests with effects (Cohen’s d) were
computed. Correlation analyses were conducted as a precur-
sor to multivariate and multilevel hierarchical linear model-
ing (HLM). Multiple means of model fitting were used in
the HLM analyses (see results for particulars and model
development) and SPSS (version 22) and HLM (version 7.1)
software were used for these analyses.

For the qualitative portions of the research, data cat-
eqgorization of teacher data with frequency distributions
was conducted. Specifically, open-ended responses to the
teacher questionnaires (needs assessment and evaluative
feedback from PD), lesson study and planning observa-
tions, and field notes were analyzed using well estab-
lished thematically focused qualitative analyses and NVivo
(version 10) was used for these analyses. The data were
coded and thematically categorized using a constant,
comparative method, (Lincoln & Guba, 1985). Special at-
tention was paid to disconfirming evidence and outliers in
data coding, as well as elements of frequency, extensive-
ness, and intensity within the data. Ideas or phenomena
were initially identified and flagged to generate a listing
of internally consistent, discrete categories, followed by
fracturing and reassembling (axial coding) of categories
by making connections between categories and subcat-
eqories to reflect emerging themes and patterns in the

data. Cateqories were then integrated to form grounded
theory and aligned with existing teacher development
theory using selective categorization to clarify concepts
and to allow for response interpretations, and conclu-
sions associated with the teachers'perceptions of the suc-
cesses and challenges of the lesson study, the PD and their
students’ changes, strengths and difficulties. Frequency
distribution of the coded and categorized data was com-
puted. The intent of this intensive qualitative analysis was
to identify patterns, make comparisons, and contrast one
person or groups’ discussion, action, and voice with an-
other throughout the project to provide a complete picture
of the intervention qualities.

Limitations of Data and Analytical Methods

The data for this research was limited by several factors.
First, all student level data was collected by the participat-
ing classroom teachers. Therefore there was some missing
data that was accounted for by reliable and widely accepted
statistical procedures for managing such data. In terms of
the analytical approach, because multivariate approaches
and multi-level hierarchical linear modeling were used,
limitations were not profound. The primary limit analytically
emerged when, in an attempt to build and fit a three-level
model (students nested in teachers' classrooms and nested
in schools), it was determined that due to the shared and
homogenous nature of the five schools’ characteristics, no
significant effects were noted statistically at Level IIl of the
model, thereby causing a need to return to a two-level hier-
archical model. The interpretation of this analytical structure
is described in the results.

Results

Indicators of Successful/Unsuccessful Study
Process

Indicators of the success of this study included low
attrition rates in students and no attrition in teachers. Ad-
ditionally, while the teacher sample size was somewhat
modest (N = 64; however not so modest given the con-
text and scope of the study and the nature of public mid-
dle schools), the student sample size was quite robust (N
=5,505). The intervention had a very low dropout rate for
students; however the research team did have to eliminate
some student data from the sample due to missing data
and data matching difficulties associated with the rela-
tive anonymity of the data (the team employed a unique
identifier formula for the data in which the students were
responsible developing the identifier based on their first
name, last name initial, mothers'month of birth, teacher,
subject and period of class).

Descriptive Data Describing Index of
Implementation (Fidelity)

The project leadership team achieved maximum fi-
delity of implementation of the intervention because at

Journal of STEM Education

Volume 23 « Issue 4

October-December 2022



intervention comparison.

Teachers were scored only one time during the intervention and therefore there was no pre-post

Table 1. TPOR Scores by Grade (8-Pt. Rubric Score; Between Years 3 & 4)

Table 2. Teacher Perceptions of Intervention Across Time

the teacher level, the project director was fully responsible
with her team for the design and implementation of the
teacher PD. This was implemented in consultation with
the teacher leadership team, which remained in place
throughout the planning and implementation period of
the intervention.

Estimates of the Intervention’s Effect on all
Outcomes (with Subgroups)

Given that this research involved teachers and their
impact on students, we wanted to measure the impact
of the teachers'intervention and change in instructional
practice and knowledge on their students’ achievement,
motivation and interest. Accordingly, the results are divid-
ed by study population, (below), and then the combined/
interactive effects are described and illustrated. Within the
teacher related results, both quantitative and qualitative
results are presented.

Teacher Effects

Teacher effects resulting from the intervention relate
both to teaching efficacy (measured by the STEBI-R) and
teacher performance (measured by an observational ru-
bric, called the TPOR). These results are interesting and
diverse. All teachers participated in lesson study and the

lesson study consisted of preparation of collaborative les-
son plans, assessment plans, videotaped teaching events,
debriefing, scoring sessions and plan revisions. The TPOR
was scored multi-dimensionally on an 8-point rubric with
ascore of eight being the highest possible score. The mean
TPOR scores by subgroup of science teachers are the fol-
lowing:

Teachers were scored via lesson study only one time
per teacher during the intervention and therefore there
Was no pre-post intervention comparison.

With regard to teachers' efficacy for teaching science,
there were moderate differences between the pre and
postintervention scores: Grade 6 Teachers: M, =3.03, 5D
=231, M,y =362, 5D = 4181(22) = 6.99; Cohen's d=
1.723; Grade 7 Teachers: M, =3.17,50 = 224, M, =
3.82,5D0 =222 t(29) = 10.3; Cohen’s d = 2.355; Grade 8
Teachers: M, =3.19, 5D = 246, M,,,=3.75, 50 = 380
1(32) = 10.7; Cohen’s d = 1.751. There were also some
noteworthy variations in results across teacher subgroups.
Specifically, teachers with less than 2 years teaching ex-
perience significantly improved (mean difference = .49,
t(5) =-3.726; p < .05) during the intervention. Teachers
who taught only 7t grade improved at a somewhat lower
yet still at a statistically significant rate (mean difference
= 30,1(6) =-5.81; p < .001). Teachers who taught only

one grade had a significant increase in teaching efficacy
(mean difference = .20, t(15) = -3.704; p < .01). Ad-
ditionally, when correlated with the Teacher Performance
Observational Rubric (TPOR), with 8 points possible, the
teachers’ instructional performance results were highly
correlated with their teaching efficacy post intervention
M=547,5D=11.03;r=47).

Qualitatively, the teachers’ perception of the PD, their
reactions and perceived progress were quite interesting
and remarkable. These results are illustrated below in
Table 2 including samples of teacher quotes taken from
field note discussions.

Teaching Enthusiasm. Teaching enthusiasm is
an element of teacher motivation that is reflected by the
subjective value teachers place on teaching. Itis often re-
flected through verbal and nonverbal expressiveness that
influences the engagement in a learning environment as
well as teaching-related enjoyment perceived by teachers
and their students (Lazarides, Fauth, Gaspard, & Goliner,
2011; Keller, Hoy, Geotz, & Frenzel, 2016).

Pedagogical language refers to the discussion of
instructional practices that teachers often engage in with
one another while they reflect on their teaching practices
and especially when they are supporting one another or
being supported during professional development oppor-
tunities.

Collaboration. Collaboration applied to teaching
refers to a reciprocal learning atmosphere for teachers to
improve teaching practices over time. It encourages shar-
ing professional knowledge and experiences and often
results in higher teacher motivation, mental health, and
job satisfaction, as well as significant improvement in stu-
dent learning and achievement (Kolleck, 2019; Ostovar-
Nameghi & Sheikhahmadi, 2016; Vangrieken, Dochy,
Raes, & Kyndt, 2015).

Table 2 (to the left) provides a description and fre-
quency distribution of the teachers’comments and discus-
sions in which they engaged during the lesson study ses-
sions and other professional development opportunities.
These comments were qualitatively analyzed to “quan-
tify” the rich and reflective discussions that the teachers
engage in during their learning processes as they were
supported by our research team and by one another. To il-
lustrate the content and depth of the discussions, example
excerpts of the thematically analyzed teacher discussions
are provided in the table.

The combined teaching efficacy and qualitative re-
sults illustrated above indicate that both teacher attitude
toward teaching and teaching efficacy; in other words
their confidence specific to teaching math and/or science,
increased over time. Additionally, the teachers became
more engaged and reported being more knowledgeable
about their teaching practices. Examples of such engage-
ment is indicated in Table 2.
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the first two intervention years, in science, the interven-
tion schools had 8.33% growth in percentage of students
scoring proficient or advanced while quasi control schools
had a 5.05% increase in percentage of students scoring
at proficient or advanced on the SST. Between the first
and last years of intervention, while there was variabil-
ity in growth, the percent of growth in students scoring
proficient or advanced on standardized science tests was
9.96% and, the percentage growth of students scoring
proficient or advanced was 12.58%, both of which were
above the district growth percentage and the state growth
percentage.

Science Literacy

With regard to science literacy, the students’ sample
had variability in changes across time in the study. These
results are presented below in Table 3.

These results indicate moderate variability across
years. Comparisons across grade levels in the sample were
not made because the students’science literacy inventory
content varied year-to-year as the three dimensions of the
exam got successively more difficult with each grade level
and because the content of the exam in each grade was
aligned with the particular science for the grade level (e.g.
the 7t grade science literacy inventory is aligned with life
science content).

Figure 1. Cross School Comparisons — Academic Performance Index (API) Pre and During Intervention

Motivation for Science

With regard to science motivation and associated
sub-constructs for this measure, results indicate that
there were increases in intrinsic motivation across years for
the students, with some variability across sub-constructs.
Specifically, over time, there were larger gains in intrinsic
motivation and decreases in extrinsic motivation for the par-
ticipating students. In other words, the students in the study
sample improved their ability to be motivated to engage in
science without external rewards of any type, which is sup-
ported as a positive effect in the literature (Guthrie, McRae
& Klauda, 2007). For example, Science Efficacy 1(2315) =
3.07; p <.001; Cohen’s d = 47; Science Challenge 1(2315)

Figure 2. Student Achievement Standard Scores Science—Cross School Comparisons

Student Effects

The student results were also comprehensive, diverse
and impactful. With regard to changes in student achieve-
ment, while the results of the students’ State Standards
Tests (SST) in science were variable, on the whole, all five
intervention schools had gains between the pre interven-
tion period and final year of the intervention. The same
was true when tracking the trajectories of the schools'
Academic Performance Index (API.)

As illustrated by Figures 1 and 2 (above), the 8th
grade students in the sample experienced steady gains in
science test scores across the three intervention years. The
test score growth varied across years. In the baseline year,
two of five schools were below district and state percent-

age scoring proficient or advanced in science. Between Table3. Science Literacy Across Grades and Years
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=2.64; p < .071; Cohen's d = .29; Science Curiosity 1(2315)
=241;p < .05; Cohen'sd = .21.

Linear regression analyses of science motivation, us-
ing the standardized science test scores as a dependent
variable, were conducted as an analysis. These results indi-
cate the following: Science Motivation predicted student
achievement in science in the sample (Grade 8 science
SST; 6th and 7t grade students do not take science SST).

* R2=0.14,£(10,3021) = 57.50, p < .001

This result is supported in the literature by motiva-
tion/achievement research conducted by Guthrie and col-
leagues (2007).

Combined/Integrative Effects

After completing analyses for both the teachers
and students in the research sample, and because the
primary goal of the project was to test the impact of
a teacher professional development intervention on
student achievement, hierarchical linear modeling
was used for analyses. The research team proceeded
through various iterations of model fitting following
well-established research by HLM founders Stephen
Raudenbush and Anthony Bryk. As such, initially, a
three-level model with students’ nested in teach-
ers’ classrooms, which were nested in school sites
was utilized. After testing this model (and its null
counterpart) it was determined that there were no
statistically significant school effects on the first two
levels of the model (interceopt1/intercept2: Chi Sq. =
01726, p >500) and therefore, the analysis shifted
to a two-level hierarchical linear model with stu-
dents nested in their teachers’ classrooms. With this
approach, the models in statistical notation and their
associated complete results are illustrated below in
Tables 4 through 7. Importantly, the model was run
with outcome (dependent) variables for science
benchmark exams (district level) for grades 6-8 and
science standardized test scores for grade 8 (grades 6
and 7 do not take the statewide standardized science
test). All variables for each model are labeled within
each model. Both unconditional and conditional
models are illustrated below with model equations
in numbered order. Dummy coding was used for vari-
ables including teacher credentials (whether the par-
ticipating teacher had a single subject credential or
not) gender and ethnicity. Both aggregate and non-
aqgreqates of predictor variables were utilized in the
models. Group centering was employed and is clearly
delineated in each model. Students'English Language
Arts (ELA) standardized test scores were loaded into
the science HLM models as we hypothesized that
this variable might impact student achievement in
science. This was confirmed via a priori correlational
analyses between the variables.

Table 4. Unconditional Model Using District Science Benchmark Exams (SUM mean) as Dependent Variable

HLM Models - Science Benchmarks (SBK) as Dependent
Variable
Full Unconditional Model

Results of the hierarchical linear modeling indicate
some interesting effects. First, using the participating dis-
trict’s science benchmarks scores (a measure of achieve-
ment) as an outcome (dependent) variable, for 6 grade
students, teaching efficacy had a positive effect on student
achievement (03 =.092, 1(2.225), p < .05). Additionally,
students'intrinsic science motivation had a positive effect
on student achievement in science (10 =.054, t(2.629); p
<.007), as did students’extrinsic science motivation, (20
=.075,1(3.169); p < .07). Importantly, students’ dosage
of the intervention (via membership in the classroom of
a participating teacher) did not have a positive effect on
student achievement. The sixth grade students had the
least amount of “dosage” of the intervention (one year in
the three-year intervention period).

For 7t graders, again using science benchmarks
scores for outcome variable, both intrinsic science motiva-
tion (10 =057, t(2.694); p < .07) and extrinsic motiva-
tion (20 =.087 t(3.975); p < .007) had positive effects
on students’ science achievement. An additional positive
effect found in the 7th grade model for science achieve-
ment (with science benchmark serving as the outcome
variable), was that of the dosage that students received of
the intervention via being in a particular class with a par-
ticipating teachers (90 =009, t(2.738); p < .01). Science
literacy also had a positive effect on student achievement
(130 =126, 1(4.868), p < .007). Students' standardized
English Language Arts (ELA) test scores were also posi-
tively related 7t grade students achievement in science
(140=.070,1(36.638), p < .007).

For 8th graders in science, again using science bench-
marks scores as a measure of science achievement out-
come variable, the results of the HLM conditional model
indicate that intrinsic motivation ({70 = .055, (2.767);
p < .05) had a positive effect on student achievement,
however extrinsic motivation had no effect on achieve-

ment, indicating that over time, and perhaps resulting
from the intervention, the students became more in-
trinsically motivated, a goal of this intervention. Science
reading comprehension (a sub factor of science literacy)
had a positive effect on student achievement in 8th grade
(1710 = .045 1(2.848); p < .05). Student dosage of the
intervention also had a positive effect on student achieve-
ment (90 = .042, £(16.907); p < .001). Finally, for 8th
grade students, the HLM results for science indicate that
students' ELA standardized test scores had a positive re-
lationship with students’ achievement in science (740 =
.06,51(36.51); p <.007).

Additionally, for 8t grade students, using science
standardized test (SST) scores as the outcome variable (a
measure of science achievement; Note: this model could
only be used for 8 grades as 6 and 7t graders do not
take science SST), again students'intrinsic motivation had
a positive effect on student science achievement (70 =
358, 1(2.215); p < .05), similar to that of the results for
the science benchmark outcome variable. Using the same
8th grade science HLM model, again science reading com-
prehension (a subset of science literacy) had a positive
effect on students’ achievement (770 =.283, 1(2.201); p
<.05). Once again, students ELA standardized test scores
had a positive relationship with students'science achieve-
ment (740 =.676, t(46.642); p <.007). These results for
8th grade science achievement indicate that SST and sci-
ence benchmarks scores are comparable as measures of
8th graders science achievement.

Itis especially noteworthy that some of the precurs-
ing teacher factors (independent variables in Level 2 of
the model) did not have a statistically significant effect
on students’ achievement in science. Teachers’ years of
experience and teachers'single subject credential (a proxy
for pre intervention science or math content knowledge)
did not have a statistically significant effect on students’
achievement in science. This limited significance could be
explained by the fact that content knowledge instruction
and practice was embedded in each of the PD sessions
over the three years, thereby increasing teachers' content
knowledge while they were learning and practicing dur-
ing the PD processes. Teachers'science teaching efficacy
did not have a significant effect on students'achievement,
exceptin the case of grade six where there was a modestly
statistically significant effect.

In summary, students'motivation for science and their
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Table5. Conditional Model using Science Benchmarks Scores (SBK) as Dependent Variable
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Table 6. Unconditional Model using Science Standardized Test (SST) Scores as DV

science literacy had a positive effect on their achievement.

Further, the dosage of students’ exposure to the teachers' As previously stated, the purpose of this research was

PD had a positive effect on student achievement. to investigate the impact of a science teacher professional
development intervention on middle school teachers'effi-

Discussion cacy in teaching science, and ultimately, on their students’

achievement, literacy in and motivation for science. The
intervention was found to be highly effective in positively
impacting students’achievement, motivation and interest
in science. The results of this research indicate that both
teacher pre-intervention factors and school level factors
did not significantly impact student achievement in the
subject area under study. This supports the understand-
ing that the intervention itself impacted student achieve-
ment across the three intervention years. The HLM results
confirmed and explained the reasons for school-wide
achievement and academic performance indices (API)
gains for the five participating schools. Specifically, the
results indicate that increases in student dosage of the
intervention (by proxy of their teachers' participation in
the intervention) led to student gains in achievement,
thus confirming that the intervention positively impacted
student achievement; the primary goal of the interven-
tion. Given that the intervention was designed to impact
both students'achievement in science and their interest in
and motivation for science, by deliberately instructing and
quiding teachers on how to use science experimentation
in their class as a means of increasing students’ interest,
motivation for and achievement in the subject, and a tar-
get was placed on literacy in science as a means of posi-
tively impacting science achievement by providing stu-
dents with tools for effectively using and comprehending
their science texts, the intervention was highly successful
for the participating students. The participating teachers
also increased their science teaching efficacy over time,
another project goal. While the teaching efficacy did not
greatly impact the students’achievement in our particular
study, given its relevance in teacher professional develop-
ment literature, we believe it was an important outcome
for the teachers who participated with us.

The results of this research are highly generalizable
to others who might attempt this structure and type of
intervention. First, it was built upon existing, impactful re-
search as described in the literature review section of this
paper. Second, both the teacher and student populations
under study mirror that of many urban middle schools
nationally (also described in the review of the literature).
Third, given that the study results indicate that school level
effects (via the three-level HLM model), did not predict
the achievement of the students in the study, the results
suggest that the comprehensiveness of the intervention
could apply to diverse school settings.

There are several factors that contributed to the inter-
vention's effects and impacts. The project team achieved
maximum fidelity of implementation at the teacher level
of the intervention because of the structure employed to
quide and implement the teacher professional develop-
ment. Additionally, using data driven decision-making
and using student achievement data as a metric for in-
tervention content maximized the potential content im-
pact for the students in the intervention schools. Finally,
the fact that there was no teacher attrition in the research
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Table 7. Conditional Model using Science Standardized Test (SST) Scores as Dependent Variable

led to maximum doses of intervention by year three of the
intervention with the 8th grade students. While attrition
was minimal for this study, it is a national issue. We recog-
nize this difficulty and believe it is helpful to have cohort
programs in teacher PD, as this has been found to lead to
less attrition as teachers are able to support one another
in their cohorts, especially if they engage in lesson study
as a part of their ongoing professional development.

Study Limitations

The study is limited by several factors. Teachers were the
primary administers of the student outcome measurements
and therefore were responsible for collecting all student lev-
el data. This was only modestly problematic because the re-
search team optimized the structure for administration and
data collection, made it similar to that of standardized K-12
assessment procedures, and kept these structure constant
semester-to-semester throughout the study. Additionally,
the design of the intervention did not allow for pre-post
comparisons of teacher performance because lesson study
was the means by which the TPOR scores were obtained
and the participating teachers only submitted one teaching
video (used to assess performance using the TPOR) during
the intervention time frame to study. This related to two fac-
tors: (a) the participating teachers needed to learn how to
engage in lesson study as a critical structure for the inter-
vention during which the videos were produced; and (b) the
three-year intervention period did not allow for substantial
time to videotape each teacher twice for instructional per-
formance comparison purposes.

Teacher attrition was not a challenge in the interven-
tion in spite of the socio-political climate of K-12 public
schools associated with the nation’s economic difficulties
during the intervention period. The participating school
district made a commitment to retain all science and
math teachers during the intervention period (1) because
the need for stability of teachers in the subject area was
great, considering the academic needs of the students,
and (2) the district recognized the importance of stability
of teacher participants for the research funding period. The
district’s teachers” union and administration supported
this decision at all levels.

Implication for Research

The findings of this study are highly significant to re-
searchers. The results provide ample evidence that teacher
professional development can positively impact student
achievement while simultaneously positively impacting
teacher instructional performance and teaching efficacy.
Researchers in higher education have been highly skepti-
cal about the impact of in-service teacher interventions on
students’achievement. This research negates such skepti-
asm, especially given its scale.

Research points to three elements that are cru-
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cially important for effective teaching: (1) teachers’ deep
knowledge of the subject matter to be taught (or teacher
content knowledge), (2) skill in how to teach the subject,
and (3) an understanding of how people learn (Darling-
Hammond, 2000; Donovan & Bransford, 2005; Weston,
Hindley, & Cunningham, 2021). While the latter two el-
ements are necessary and important, they alone cannot
determine whether the teacher is able to teach so that
their students acquire a deep understanding of science
content. This study provides empirical evidence to support
educational researchers to continue emphasizing the im-
portance of content knowledge in professional develop-
ment for teachers to bring about change in science teaching
practice and in student leamning and achievement.

Implication for Field

Being supported by existing, impactful research as
described in the literature review section of the paper and
the findings from the HLM mode, the intervention can be
applied to diverse school settings to address the critical
in-service teacher PD needs that have been underscored
by research by Nye, Konstantopoulos, and Hedges (2004),
Darling-Hammond, (2012), and associated PD research by
Berry (2010), Clotfelter and colleagues, (2006) and Da-
vidson and Hughes (2018). The following suggestions are
made to optimize the practical application of the interven-
tion designed in this study.

First, involve teachers and middle school administration
in the iterative development process of the intervention and
identify contemporary teacher and student needs to facili-
tate “buy-in” from the teachers and school administrators.
Second, because the intensive portions of the interven-
tion were designed to occur independently of classes, the
teachers and administrators can start taking/implementing
the intervention in summer so that their teaching contract
and schedule during the academic years will be minimally
interrupted. Third, the teachers can continuously improve
their content knowledge by forming disciplinary communi-
ties with peers and university faculty (Weston, Hindley, &
Cunningham, 2021). The teachers are encouraged to com-
municate and collaborate with university experts via content
mentorship and face-to-face follow-up lesson study as de-
scribed in this study. Finally, these interventions should also
be utilized in preservice programs as a means of proactively
influencing teachers and ultimately their students.
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